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Table B-53. WMA B-BX-BY Assessment Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Dangerous Waste Constituents Wells Above PQL or Water Quality Standard 

Barium, unfiltered µg/L 99.1 2,000c 5.25 Above PQL: all 

Barium, filtered µg/L 97.0 2,000c 5.25 Above PQL: all 

Chromium, unfiltered µg/L 90.0 100c 10.5 
Above PQL: 299-E33-20, 299-E33-31, 299-E33-32, 299-E33-335, 
299-E33-337, 299-E33-339, 299-E33-38, 299-E33-41, 299-E33-42,
299-E33-44, 299-E33-47

Chromium, filtered µg/L 22.8 100c 10.5 Above PQL: 299-E33-20, 299-E33-337, 299-E33-47 

Cyanide, total µg/L 1,050 — 15.75 Above PQL: 299-E33-20, 299-E33-31, 299-E33-32, 299-E33-337, 
299-E33-38, 299-E33-41, 299-E33-42, 299-E33-44, 299-E33-47

Cyanide, free µg/L 7.24 4.8d 4.0 Above PQL: 299-E33-20, 299-E33-41, 299-E33-44, 299-E33-47. Above 
water quality standard: 299-E33-20, 299-E33-44 

Nickel, unfiltered µg/L 41.0 — 21 Above PQL: 299-E33-32, 299-E33-44, 299-E33-339 

Selenium, unfiltered µg/L 16.6 50c 10.5 Above PQL: 299-E33-47 

Selenium, filtered µg/L 16.6 50c 10.5 Same as unfiltered 

Other Constituents Wells Above Water Quality Standard 

Alkalinity mg/L 123 — 5.25 

Calcium, unfiltered µg/L 185,000 — 1,050 

Calcium, filtered µg/L 199,000 — 1,050 

Chloride mg/L 35.9 250e 0.4 

Dissolved oxygen mg/L 11.42 — — 

Hexavalent chromium µg/L 25.5 48d 10.5 

Iron, unfiltered µg/L 622 300e 105 299-E33-44, 299-E33-339
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Table B-53. WMA B-BX-BY Assessment Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Iron, filtered µg/L 397 300e 105 299-E33-44

Magnesium, unfiltered µg/L 50,900 — 1,050 

Magnesium, filtered µg/L 51,000 — 1,050 

Manganese, unfiltered µg/L 65.7 50e 10.5 299-E33-20

Manganese, filtered µg/L 62.3 50e 10.5 299-E33-20

Molybdenum, unfiltered µg/L 7.4 — 5.25 

Molybdenum, filtered µg/L 7.4 — 5.25 

Nitrate mg/L 775 45f 0.525 299-E33-20, 299-E33-31, 299-E33-32, 299-E33-337, 299-E33-338,
299-E33-38, 299-E33-41, 299-E33-42, 299-E33-44, 299-E33-47

pH measurement unitless 8.31 6.5 – 8.5e — 

Potassium, unfiltered µg/L 15,800 — 5,250 

Potassium, filtered µg/L 15,300 — 5,250 

Sodium, unfiltered µg/L 161,000 — 1,050 

Sodium, filtered µg/L 152,000 — 1,050 

Specific conductance µS/cm 2,071 — — 

Sulfate mg/L 198 250e 1.05 

Temperature °C 22.8 — — 

Turbidity NTU 4.8 — — 

Note: Maximum is based on the required assessment sample results for this RCRA unit with concentrations above the PQL and not flagged as suspect or rejected. 
Appendix A presents the full dataset for 2021.  
a. Water quality standards are provided for information only and are not used to determine RCRA groundwater monitoring exceedances.
b. Standardized PQL used in analytical requirements. 
c. 40 CFR 141, Subpart G, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels and Maximum Residual Disinfectant Levels.” 

https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
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Table B-53. WMA B-BX-BY Assessment Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 
d. Individual risk based concentration levels as derived from WAC 173-340-720, “Groundwater Cleanup Standards,” as calculated in ECF-100NPL-10-0462, Calculation of
Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports.
e. 40 CFR 143.3, “National Secondary Drinking Water Regulations,” “Secondary Maximum Contaminant Levels.” 
f. The federal drinking water standard for nitrate is 10 mg/L expressed as nitrogen (40 CFR 141, Subpart G). This equates to 45 mg/L when expressed as NO3.

— = no water quality standard or PQL 
NTU = nephelometric turbidity unit 

PQL = practical quantitation limit  
RCRA = Resource Conservation and Recovery Act of 1976 

Table B-54. WMA C Groundwater Monitoring Network 

Well 
Name Location 

Year 
Installed 

Head 
Date 

Hydraulic 
Head 

Elevation 
Screen Top 

Elevation 
Screen Bottom 

Water 
Column Sample 

Frequency Comments m ft m ft m ft m ft 

299-E27-12a UG 1989 9/8/2021 121.53 398.73 126.4 414.7 120.0 393.6 1.6 5.1 Q 

299-E27-13 DG 1989 9/8/2021 121.48 398.57 126.8 416.0 120.4 394.9 1.1 3.7 Q 

299-E27-14a DG 1989 9/9/2021 121.54 398.74 125.9 413.1 119.5 392.1 2.0 6.6 Q 

299-E27-15b UG 1989 9/8/2021 121.53 398.73 126.6 415.4 120.2 394.4 1.3 4.3 Q 

299-E27-155 DG
(deep) 2007 9/10/2021 121.39 398.26 116.1 380.9 105.4 345.9 16.0 52.4 Q 

299-E27-21a DG 2003 9/9/2021 121.52 398.68 122.3 401.2 111.6 366.1 9.9 32.6 Q 

299-E27-22a UG 2003 9/8/2021 121.56 398.82 123.1 403.8 110.9 363.9 10.7 35.0 Q 

299-E27-23a DG 2003 9/9/2021 121.53 398.71 122.3 401.2 111.6 366.2 9.9 32.5 Q 

299-E27-24 DG 
(deep) 2010 9/9/2021 121.48 398.56 113.1 370.9 107.0 350.9 14.5 47.7 Q 

299-E27-26b UG 2016 9/10/2021 120.95 396.81 122.9 403.2 110.7 363.2 10.3 33.6 Q 

http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-720
https://pdw.hanford.gov/document/0065284H
https://www.ecfr.gov/cgi-bin/text-idx?SID=49dc1c93cd5e85e125ae2348881d4ed5&mc=true&node=se40.25.143_13&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf
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Table B-54. WMA C Groundwater Monitoring Network 

Well 
Name Location 

Year 
Installed 

Head 
Date 

Hydraulic 
Head 

Elevation 
Screen Top 

Elevation 
Screen Bottom 

Water 
Column Sample 

Frequency Comments m ft m ft m ft m ft 

WMA_C_PW-1 
(D0044) DG Proposed — — — — — — — — — Q Not yet 

installed 

WMA_C_PW-2 
(D0045) DG Proposed — — — — — — — — — Q Not yet 

installed 

Note: Requirements are from Table 2-5 in DOE/RL-2019-74, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank System. 
a. Hydraulic head data for these wells were corrected for borehole deviation from vertical. Corrections are not available for other wells in this network, which may cause the
reported head to be less than the actual head.
b. Head in well 299-E27-26 is consistently much lower than other wells in the network, suggesting that the well is deviated from vertical.

DG  =  downgradient 
Q  =  quarterly

UG  =  upgradient 

https://pdw.hanford.gov/document/AR-03908
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Table B-55. WMA C Assessment Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Dangerous Waste Constituents 
Wells Above PQL or Water 

Quality Standard 

Barium, unfiltered µg/L 93.7 2,000c 5.25 All wells above PQL 

Barium, filtered µg/L 90.2 2,000c 5.25 All wells above PQL 

Chromium, unfiltered µg/L 180 100c 10.5 

Above PQL: 299-E27-13, 
299-E27-14, 299-E27-21,
299-E27-22, 299-E27-23. Above
water quality standard: 299-E27-15

Chromium, filtered µg/L 13.0 100c 10.5 Above PQL: 299-E27-21, 
299-E27-23

Cyanide, total µg/L 65.5 — 15.75 Above PQL: 299-E27-23, 
299-E27-24, 299-E27-155

Cyanide, free µg/L 4.36 200c 4.0 Above PQL: 299-E27-14 

Nickel, unfiltered µg/L 170 — 21 Above PQL: 299-E27-14, 
299-E27-15

Selenium, unfiltered µg/L 
22.3 

50c 10.5 
Above PQL: 299-E27-14, 
299-E27-21, 299-E27-22,
299-E27-24, 299-E27-26

Selenium, filtered µg/L 22.4 50c 10.5 Same as unfiltered 

Zinc, filtered µg/L 52 5,000 21 Above PQL: 299-E27-15 

Other Constituents 
Wells Above Water Quality 

Standard 

Alkalinity mg/L 120 — 5.25 

Calcium, unfiltered µg/L  164,000 — 1,050 

Calcium, filtered µg/L  156,000 — 1,050 

Chloride mg/L 100 250d 0.4 

Copper, unfiltered µg/L 11 1,000d 10.0 

Dissolved oxygen mg/L 9.46 — — 

Hexavalent chromium µg/L 15.12 48e 10.5 

Iron, unfiltered µg/L 700 300d 105 299-E27-14, 299-E27-15

Magnesium, unfiltered µg/L 43,800 — 1,050 

Magnesium, filtered µg/L 43,300 — 1,050 

Manganese, unfiltered µg/L 38.0 50d 10.5 
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Table B-55. WMA C Assessment Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Nitrate mg/L 175 45f 0.525 

299-E27-14, 299-E27-155,
299-E27-21, 299-E27-22,
299-E27-23, 299-E27-24,
299-E27-26

pH measurement unitless 8.74 6.5 – 8.5d — 299-E27-12, 299-E27-15

Potassium, unfiltered µg/L  12,000 — 5,250 

Potassium, filtered µg/L  13,000 — 5,250 

Sodium, unfiltered µg/L  31,000 — 1,050 

Sodium, filtered µg/L  30,600 — 1,050 

Specific conductance µS/cm  1,209 — — 

Sulfate mg/L 347 250d 1.05 299-E27-14, 299-E27-22,
299-E27-24, 299-E27-26

Temperature °C 21.5 — — 

Turbidity NTU 4.51 — — 

Note: Maximum is based on the required assessment sample results for this RCRA unit with concentrations above the PQL and not 
flagged as suspect or rejected. Appendix A presents the full dataset for 2021.  
a. Water quality standards are provided for information only and are not used to determine RCRA groundwater monitoring 
exceedances. 
b. Standardized PQL used in analytical requirements. 
c. 40 CFR 141, Subpart G, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels and Maximum
Residual Disinfectant Levels.” 
d. 40 CFR 143.3, “National Secondary Drinking Water Regulations,” “Secondary Maximum Contaminant Levels.” 
e. Individual risk based concentration levels as derived from WAC 173-340-720, “Groundwater Cleanup Standards,” as calculated in
ECF-100NPL-10-0462, Calculation of Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the 100 Areas
and 300 Area Remedial Investigation/Feasibility Study Reports. 
f. The federal drinking water standard for nitrate is 10 mg/L expressed as nitrogen (40 CFR 141, Subpart G). This equates to
45 mg/L when expressed as NO3.

— = no water quality standard or PQL 
NTU =  nephelometric turbidity unit  

PQL = practical quantitation limit  
RCRA = Resource Conservation and Recovery Act of 1976 

https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=49dc1c93cd5e85e125ae2348881d4ed5&mc=true&node=se40.25.143_13&rgn=div8
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-720
https://pdw.hanford.gov/document/0065284H
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf
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Table B-56. WMA S-SX Groundwater Monitoring Network 

Well Name Location 
Year 

Installed 
Head 
Date 

Hydraulic 
Head 

Elevation 
Screen Top 

Elevation 
Screen Bottom 

Water 
Column 

Sample 
Frequency Comments m ft m ft m ft m ft 

299-W22-113 DG 2014 9/13/2021 131.54 431.56 132.7 435.5 123.6 405.4 8.0 26.1 Q 

299-W22-115 DG 2015 9/13/2021 131.45 431.26 133.3 437.2 122.6 402.2 8.9 29.1 Q 

299-W22-116 DG 2015 9/24/2021 131.51 431.46 132.5 434.9 121.9 399.8 9.6 31.6 Q 

299-W22-80 DG 2000 9/10/2021 131.80 432.41 137.5 451.1 126.8 416.0 5.0 16.4 Q 

299-W22-81 DG 2001 9/13/2021 131.15 430.27 136.8 448.8 126.1 413.8 5.0 16.4 Q 

299-W22-84 DG 2001 9/10/2021 131.11 430.14 137.1 449.7 126.4 414.7 4.7 15.4 Q 

299-W22-85 DG 2001 9/10/2021 131.68 432.00 137.5 451.1 126.9 416.2 4.8 15.8 Q 

299-W22-93 DG 2015 9/10/2021 130.90 429.47 132.3 434.1 121.6 399.1 9.3 30.4 Q 

299-W22-94 DG 2013 9/13/2021 131.00 429.79 133.2 436.9 122.5 401.9 8.5 27.9 Q 

299-W23-20 UG 2000 9/14/2021 132.35 434.23 137.4 450.8 126.7 415.8 5.6 18.4 Q 

299-W23-21 UG 2000 9/14/2021 132.48 434.63 137.8 452.1 126.5 415.0 6.0 19.7 Q 

Note: Requirements are from Table 2-6 in DOE/RL-2019-74, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank System. 

DG  =  downgradient  
Q = quarterly 

UG  =  upgradient 

https://pdw.hanford.gov/document/AR-03908
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Table B-57. WMA S-SX Assessment Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Dangerous Waste Constituents Wells Above PQL or Water Quality Standard 

Barium, unfiltered µg/L 42.6 2,000c 5.25 Above PQL: all wells 

Barium, filtered µg/L 42.7 2,000c 5.25 Above PQL: all wells 

Carbon tetrachloride µg/L 85.6 5.0c 3.0 Above PQL and water quality standard: all wells 

Chromium, unfiltered µg/L 263 100c 10.5 Above PQL and water quality standard: 299-W22-116, 299-W22-93; 
above PQL: 299-W22-80, 299-W22-81, 299-W22-94, 299-W23-20 

Chromium, filtered µg/L 266 100c 10.5 Above PQL and water quality standard: 299-W22-116; 299-W22-93 

Copper, unfiltered µg/L 11.3 1,000d 10 Above PQL: 299-W22-113, 299-W22-94 

Nickel, unfiltered µg/L 70.7 — 21 Above PQL: 299-W22-81 

Nickel, filtered µg/L 61.3 — 21 Above PQL: 299-W22-81 

Selenium, filtered µg/L 10.9 50d 10.5 Above PQL: 299-W22-115 

Other Constituents Wells Above Water Quality Standard 

Alkalinity mg/L 110 — 5.25 

Calcium, unfiltered µg/L  42,600 — 1,050 

Calcium, filtered µg/L  42,000 — 1,050 

Chloride mg/L 21.8 250d 0.4 

Dissolved oxygen mg/L 11.0 — — 

Hexavalent chromium µg/L 296 48e 10.5 299-W22-116, 299-W22-93

Iron, unfiltered µg/L 715 300d 105 299-W22-113, 299-W22-80, 299-W22-81, 299-W22-84, 299-W22-85,
299-W22-94, 299-W23-21

Magnesium, unfiltered µg/L  14,400 — 1,050 

Magnesium, filtered µg/L  14,400 — 1,050 

Manganese, unfiltered µg/L 35.6 50d 10.5 
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Table B-57. WMA S-SX Assessment Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Manganese, filtered µg/L 14.8 50d 10.5 

Molybdenum, unfiltered µg/L 13.7 — 5.25 

Molybdenum, filtered µg/L 12.5 — 5.25 

Nitrate mg/L 84.6 45f 0.525 299-W22-113, 299-W22-115, 299-W22-116, 299-W22-93, 299-W23-21
pH measurement unitless 8.09 6.5 – 8.5d — 
Sodium, unfiltered µg/L 31,000 — 1,050 
Sodium, filtered µg/L  32,000 — 1,050 

Specific conductance µS/cm 460 — — 

Sulfate mg/L 36.9 250d 1.05 

Temperature °C 26.2 — — 

Turbidity NTU 38.2 — — 

Note: Maximum is based on the required assessment sample results for this RCRA unit with concentrations above the PQL and not flagged as suspect or rejected. Appendix A 
presents the full dataset for 2021.  
a. Water quality standards are provided for information only and are not used to determine RCRA groundwater monitoring exceedances.
b. Standardized PQL used in analytical requirements. 
c. 40 CFR 141, Subpart G, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels and Maximum Residual Disinfectant Levels.” 
d. 40 CFR 143.3, “National Secondary Drinking Water Regulations,” “Secondary Maximum Contaminant Levels.” 
e. WAC 173-340-705, “Model Toxics Control Act—Cleanup,” “Use of Method B”; individual risk-based concentration levels as derived from WAC 173-340-720,
“Groundwater Cleanup Standards,” as calculated in ECF-100NPL-10-0462, Calculation of Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the
100 Areas and 300 Area Remedial Investigation/ Feasibility Study Reports. 
f. The federal drinking water standard for nitrate is 10 mg/L expressed as nitrogen (40 CFR 141, Subpart G). This equates to 45 mg/L when expressed as NO3.

— = no water quality standard 
NTU  = nephelometric turbidity unit  

PQL = practical quantitation limit
RCRA = Resource Conservation and Recovery Act of 1976

https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=49dc1c93cd5e85e125ae2348881d4ed5&mc=true&node=se40.25.143_13&rgn=div8
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-705
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-720
https://pdw.hanford.gov/document/0065284H
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf
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Table B-58. WMA T Groundwater Monitoring Network 

Well 
Name Location 

Year 
Installed 

Head 
Date 

Hydraulic 
Head 

Elevation 
Screen Top 

Elevation 
Screen Bottom 

Water 
Column Sample 

Frequency Comments m ft m ft m ft m ft 
299-W10-24* DG 1998 8/10/2021 129.46 424.74 138.0 452.7 127.3 417.6 2.2 7.1 Q 
299-W10-28 UG 2001 8/10/2021 130.82 429.20 137.5 451.0 126.8 416.0 4.0 13.2 Q 

299-W11-39* DG 2000 8/11/2021 129.24 424.00 137.2 450.0 126.5 414.9 2.8 9.1 Q 
299-W11-40* DG 2000 8/11/2021 129.00 423.23 137.1 449.9 126.4 414.8 2.6 8.4 Q 
299-W11-41* DG 2000 8/11/2021 128.95 423.06 137.5 451.2 126.9 416.2 2.1 6.9 Q 
299-W11-42* DG 2000 8/11/2021 129.31 424.26 138.0 452.8 127.3 417.8 2.0 6.5 Q 
T_PW1 (299-

W10-199) DG Proposed — — — — — — — — — Q Not yet 
installed 

T_PW2 (299-
W11-101) DG Proposed — — — — — — — — — Q Not yet 

installed 
T_PW3 (299-

W11-102) DG Proposed — — — — — — — — — Q Not yet 
installed 

Note: Requirements are from Table 2-1 in DOE/RL-2009-66, Rev. 2, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank Waste Management 
Area T, and Table 2-7 in DOE/RL-2019-74, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank System. 
*Wells are predicted to have <0.9 m (3 ft) water in the screened interval by 2030, which may limit sampling in the future if the water table continues to decline.

—  =  no information (not yet installed) 
DG = downgradient 

Q  =  quarterly 
UG  =  upgradient 

https://pdw.hanford.gov/document/AR-03377
https://pdw.hanford.gov/document/AR-03908
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Table B-59. WMA T Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Dangerous Waste Constituents Wells Above PQL or Water Quality Standard 

Arsenic, unfiltered µg/L 16.1 10c 10.5 Above PQL and water quality standard: 299-W10-24, 299-W11-39 

Arsenic, filtered µg/L 17.5 10c 10.5 Same as unfiltered 

Barium, unfiltered µg/L 75.0 2,000c 5.25 Above PQL: all 

Barium, filtered µg/L 69.4 2,000c 5.25 Above PQL: all 

Carbon tetrachloride µg/L 375 5.0c 3.0 Above PQL and water quality standard: all 

Chromium, unfiltered µg/L 91.6 100c 10.5 Above PQL: 299-W10-28, 299-W11-39, 299-W11-40, 299-W11-41, 
299-W11-42

Chromium, filtered µg/L 68.6 100c 10.5 Same as unfiltered 

Copper, unfiltered µg/L 10.8 1,000d 10 Above PQL: 299-W11-39 

Lead, unfiltered µg/L 4.8 15e 3.15 Above PQL: 299-W11-40 

Nickel, unfiltered µg/L 69.2 — 21 Above PQL: 299-W11-41 

Nickel, filtered µg/L 21.8 — 21 Above PQL: 299-W11-42 

Vanadium, unfiltered µg/L 139 — 52.5 Above PQL: 299-W10-24, 299-W11-39 

Vanadium, filtered µg/L 129 — 52.5 Same as unfiltered 

Zinc, unfiltered µg/L 289 5,000d 21 Above PQL: 299-W11-39 

Other Constituents Wells Above Water Quality Standard 

Alkalinity mg/L 129 — 5.25 

Calcium, unfiltered µg/L 64,200 — 1,050 

Calcium, filtered µg/L 67,000 — 1,050 

Chloride mg/L 43.6 250d 0.4 
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Table B-59. WMA T Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Dissolved oxygen mg/L 10.66 — — 

Hexavalent chromium µg/L 70.3 48f 10.5 299-W11-40, 299-W11-41, 299-W11-42

Iron, unfiltered µg/L 4,040 300d 105 299-W10-24, 299-W10-28, 299-W11-39, 299-W11-42

Iron, filtered µg/L 235 300d 105 

Magnesium, unfiltered µg/L 20,300 — 1,050 

Magnesium, filtered µg/L 21,900 — 1,050 

Manganese, unfiltered µg/L 82.1 50d 10.5 299-W11-39

Molybdenum, unfiltered µg/L 11.4 — 5.25 

Molybdenum, filtered µg/L 11.2 — 5.25 

Nitrate mg/L 328 45g 0.525 All 

pH measurement unitless 9.2 6.5 – 8.5d — 299-W10-24, 299-W11-39

Potassium, unfiltered µg/L 5,490 — 5,250 

Potassium, filtered µg/L 5,410 — 5,250 

Sodium, unfiltered µg/L 160,000 — 1,050 

Sodium, filtered µg/L 159,000 — 1,050 

Specific conductance µS/cm 1002 — — 

Sulfate mg/L 75.6 250 d 1.05 

Temperature °C 23.3 — — 

Turbidity NTU 74.5 — — 

Note: Maximum is based on the required assessment sample results for this RCRA unit with concentrations above the PQL and not flagged as suspect or rejected. Appendix A 
presents the full dataset for 2021.  
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Table B-59. WMA T Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 
a. Water quality standards are provided for information only and are not used to determine RCRA groundwater monitoring exceedances.
b. Standardized PQL used in analytical requirements. 
c. 40 CFR 141, Subpart G, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels and Maximum Residual Disinfectant Levels.” 
d. 40 CFR 143.3, “National Secondary Drinking Water Regulations,” “Secondary Maximum Contaminant Levels.” 
e. Action level (40 CFR 141, Subpart I, “Control of Lead and Copper”).
f. Individual risk-based concentration levels as derived from WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards,” as calculated in
ECF-100NPL-10-0462, Calculation of Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the 100 Areas and 300 Area Remedial
Investigation/Feasibility Study Reports. 
g. The federal drinking water standard for nitrate is 10 mg/L expressed as nitrogen (40 CFR 141, Subpart G). This equates to 45 mg/L when expressed as NO3. 

— = no water quality standard or PQL 
NTU = nephelometric turbidity unit  

PQL = practical quantitation limit
RCRA = Resource Conservation and Recovery Act of 1976

https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=49dc1c93cd5e85e125ae2348881d4ed5&mc=true&node=se40.25.143_13&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-720
https://pdw.hanford.gov/document/0065284H
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf


D
O

E/RL-2021-51, R
EV. 0 

B-95

Table B-60. WMA TX-TY Groundwater Monitoring Network 

Well 
Name Location 

Year 
Installed 

Head 
Date 

Hydraulic 
Head 

Elevation Screen 
Top 

Elevation Screen 
Bottom 

Water 
Column 

Sample 
Frequency Comments m ft m ft m ft m ft 

299-W10-26a DG 1998 8/17/2021 128.71 422.29 138.5 454.5 127.8 419.4 0.9 2.9 Q 

299-W10-27a DG 2001 8/17/2021 128.77 422.47 137.5 451.2 126.9 416.2 1.9 6.2 Q 

299-W14-13a DG 1998 N/A N/A N/A 138.3 453.8 127.6 418.7 0.0 0.0 Q 
Not sampled 

after Feb. 2021; 
dry 

299-W14-14a DG 1998 8/16/2021 128.50 421.57 138.5 454.3 127.8 419.3 0.7 2.2 Q Sampled with a 
bailer 

299-W14-15a DG 2000 8/16/2021 128.17 420.51 137.6 451.5 127.0 416.6 1.2 3.9 Q Sampled with a 
bailer 

299-W14-18a DG 2000 8/16/2021 128.05 420.11 137.8 452.1 127.1 417.1 0.9 3.0 Q Sampled with a 
bailer 

299-W14-19a DG 2002 8/17/2021 128.56 421.78 136.8 448.7 126.1 413.7 2.5 8.0 Q 

299-W15-44 UG 2002 8/17/2021 130.47 428.06 138.3 453.6 127.6 418.6 2.9 9.5 Q 

299-W15-765b UG 2001 8/17/2021 129.07 423.44 137.4 450.9 126.8 415.9 2.3 7.5 Q 

WMA_TX-
TY_PW1 

(299-W10-200) 
UG Proposed — — — — — — — — — Q Not yet installed 

WMA_TX-
TY_PW2 

(299-W15-231) 
UG Proposed — — — — — — — — — Q Not yet installed 

Note: Requirements are from Table 2-1 in DOE/RL-2009-67, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank Waste Management Area TX-TY; and 
Table 2-8 in DOE/RL-2019-74, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank System. 
a. Wells have or are predicted to have <0.9 m (3 ft) water in the screened interval by 2023, which may limit sampling in the future if the water table continues to decline. 
b. Predicted to have <0.9 m (3 ft) water in the screened interval by 2030. 

— =  no information (not yet installed) 
DG = downgradient
N/A = not applicable 

Q =  quarterly 
UG =  upgradient 

https://pdw.hanford.gov/document/AR-03378
https://pdw.hanford.gov/document/AR-03908
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Table B-61. WMA TX-TY Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Dangerous Waste Constituents Wells Above PQL or Water Quality Standard 

Barium, unfiltered µg/L 120 2,000c 5.25 Above PQL: all 

Barium, filtered µg/L 120 2,000c 5.25 Above PQL: all 

Carbon tetrachloride µg/L 206 5.0c 3.0 Above PQL and water quality standard: all 

Chromium, unfiltered µg/L 210 100c 10.5 Above PQL: all but 299-W14-15 and 299-W15-765. Above water quality 
standard: 299-W15-44 

Chromium, filtered µg/L 56 100c 10.5 Above PQL: same as unfiltered 

Cyanide, total µg/L 1,400 — 15.75 Above PQL: 299-W10-26, 299-W14-18 

Cyanide, free µg/L 13.5 4.8d 4.0 Above PQL and water quality standard: 299-W10-26, 299-W14-18 

Mercury, unfiltered µg/L 0.75 2.0c 0.5 Above PQL: 299-W10-26 

Nickel, unfiltered µg/L 32 — 21 Above PQL: 299-W14-19, 299-W15-44 

Zinc, unfiltered µg/L 680 5,000e 21 Above PQL: 299-W10-26, 299-W14-13, 299-W14-14, 299-W14-19. 

Other Constituents Wells Above Water Quality Standard 

Alkalinity mg/L 150 — 5.25 

Calcium, unfiltered µg/L 130,000 — 1,050 

Calcium, filtered µg/L 130,000 — 1,050 

Chloride mg/L 39.3 250e 0.4 

Dissolved oxygen mg/L 13.35 — — 

Hexavalent chromium µg/L 64.7 48d 10.5 299-W10-26

Iron, unfiltered µg/L 2,900 300e 105 All but 299-W14-15, 299-W15-765 

Iron, filtered µg/L 560 300e 105 299-W10-26, 299-W14-18

Magnesium, unfiltered µg/L 45,000 — 1,050 

Magnesium, filtered µg/L 45,000 — 1,050 

Manganese, unfiltered µg/L 97.6 50e 10.5 299-W10-27, 299-W14-13, 299-W14-14, 299-W14-15
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Table B-61. WMA TX-TY Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Molybdenum, unfiltered µg/L 8.0 — 5.25 

Molybdenum, filtered µg/L 6.9 — 5.25 

Nitrate mg/L 580 45f 0.525 All 

pH measurement unitless 8.39 6.5 – 8.5e — 

Potassium, unfiltered µg/L 10,000 — 5,250 

Potassium, filtered µg/L 12,000 — 5,250 

Sodium, unfiltered µg/L 98,000 — 1,050 

Sodium, filtered µg/L 97,000 — 1,050 

Specific conductance µS/cm 1,427 — — 

Sulfate mg/L 81.1 250e 1.05 

Temperature °C 22.9 — — 

Turbidity NTU 709 — — 

Note: Maximum is based on the required assessment sample results for this RCRA unit with concentrations above the PQL and not flagged as suspect or rejected. Appendix A 
presents the full dataset for 2021.  
a. Water quality standards are provided for information only and are not used to determine RCRA groundwater monitoring exceedances.
b. Standardized PQL used in analytical requirements. 
c. 40 CFR 141, Subpart G, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels and Maximum Residual Disinfectant Levels.” 
d. Individual risk based concentration levels as derived from WAC 173-340-720, “Groundwater Cleanup Standards,” as calculated in ECF-100NPL-10-0462, Calculation of
Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the 100 Areas and 300 Area Remedial Investigation/Feasibility Study Reports.
e. 40 CFR 143.3, “National Secondary Drinking Water Regulations,” “Secondary Maximum Contaminant Levels.” 
f. The federal drinking water standard for nitrate is 10 mg/L expressed as nitrogen (40 CFR 141, Subpart G). This equates to 45 mg/L when expressed as NO3.

— = no water quality standard or PQL 
NTU = nephelometric turbidity unit  

PQL = practical quantitation limit  
RCRA = Resource Conservation and Recovery Act of 1976 

https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-720
https://pdw.hanford.gov/document/0065284H
https://www.ecfr.gov/cgi-bin/text-idx?SID=49dc1c93cd5e85e125ae2348881d4ed5&mc=true&node=se40.25.143_13&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf
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Table B-62. WMA U Groundwater Monitoring Network 

Well 
Name Location 

Year 
Installed 

Head 
Date 

Hydraulic 
Head 

Elevation 
Screen Top 

Elevation 
Screen Bottom 

Water 
Column 

Sample 
Frequency Comments m ft m ft m ft m ft 

299-W18-260 DG 2014 10/6/2021 131.079 430.05 132.0 433.0 122.8 403.0 8.3 27.1 Q 

299-W18-40 UG 2001 10/6/2021 132.327 434.14 136.2 446.9 125.5 411.9 6.8 22.3 Q 

299-W19-41 DG 1998 10/6/2021 131.173 430.36 138.7 455.1 128.0 420.0 3.2 10.4 Q 

299-W19-42 DG 1998 10/11/2021 131.082 430.06 138.4 454.0 127.7 418.9 3.4 11.2 Q 

299-W19-44 DG 2001 10/6/2021 131.062 429.99 136.4 447.7 125.8 412.7 5.3 17.3 Q 

299-W19-45 DG 2001 10/11/2021 131.062 429.99 137.3 450.6 126.7 415.7 4.4 14.3 Q 

299-W19-47 DG 2004 10/11/2021 131.071 430.02 136.3 447.3 125.7 412.3 5.4 17.7 Q 

WMA-U_PW1 
(299-W18-261) UG Proposed — — — — — — — — — Q Not yet installed 

Note: Requirements are from Table 2-9 in DOE/RL-2019-74, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank System. 

— =  no information (not yet installed) 
DG  =  downgradient 
Q = quarterly 
UG  =  upgradient 

https://pdw.hanford.gov/document/AR-03908
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Table B-63. WMA U Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Dangerous Waste Constituents Wells Above PQL or Water Quality Standard 

Barium, unfiltered µg/L 84.0 2,000c 5.25 Above PQL: all 

Barium, filtered µg/L 72.0 2,000c 5.25 Above PQL: all 

Carbon tetrachloride µg/L 78.6 5.0c 3.0 Above PQL and water quality standard: all 

Chromium, unfiltered µg/L 33.0 100c 10.5 Above PQL: all 

Chromium, filtered µg/L 23.0 100c 10.5 Above PQL: all except 299-W18-40 

Copper, unfiltered µg/L 22.0 1,000d 10 Above PQL: 299-W18-40, 299-W19-44 

Copper, filtered µg/L 13.0 1,000d 10 Above PQL: 299-W19-44 

Zinc, unfiltered µg/L 88.0 5,000d 21 Above PQL: 299-W19-41, 299-W19-44 

Other Constituents Wells Above Water Quality Standard 

Alkalinity mg/L 117 — 5.25 

Calcium, unfiltered µg/L 61,600 — 1,050 

Calcium, filtered µg/L 61,800 — 1,050 

Chloride mg/L 35.2 250d 0.4 

Dissolved oxygen mg/L 13.85 — — 

Hexavalent chromium µg/L 25.6 48e 10.5 

Iron, unfiltered µg/L 8,900 300d 105 299-W18-260, 299-W18-40, 299-W19-44, 299-W19-45, 299-W19-47

Iron, filtered µg/L 570 300d 105 299-W19-47

Magnesium, unfiltered µg/L 20,400 — 1,050 

Magnesium, filtered µg/L 20,300 — 1,050 

Manganese, unfiltered µg/L 230 50d 10.5 299-W18-260, 299-W19-47

Manganese, unfiltered µg/L 13.0 50d 10.5 

Molybdenum, unfiltered µg/L 11 — 5.25 
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Table B-63. WMA U Sampling Summary for 2021 

Constituent Units Maximum 
Water Quality 

Standarda PQLb Comments 

Molybdenum, filtered µg/L 7.4 — 5.25 

Nitrate mg/L 167 45f 0.525 All 

pH measurement unitless 8.93 6.5 – 8.5d — 299-W19-41, 299-W19-44

Potassium, unfiltered µg/L 5,600 — 5,250 

Potassium, filtered µg/L 5,500 — 5,250 

Sodium, unfiltered µg/L 26,000 — 1,050 

Sodium, filtered µg/L 26,000 — 1,050 

Specific conductance µS/cm 625 — — 

Sulfate mg/L 63.1 250d 1.05 

Temperature °C 29.4 — — 

Turbidity NTU 18.8 — — 

Note: Maximum is based on the required assessment sample results for this RCRA unit with concentrations above the PQL and not flagged as suspect or rejected. Appendix A 
presents the full dataset for 2021.  
a. Water quality standards are provided for information only and are not used to determine RCRA groundwater monitoring exceedances.
b. Standardized PQL used in analytical requirements. 
c. 40 CFR 141, Subpart G, “National Primary Drinking Water Regulations,” “Maximum Contaminant Levels and Maximum Residual Disinfectant Levels.” 
d. 40 CFR 143.3, “National Secondary Drinking Water Regulations,” “Secondary Maximum Contaminant Levels.” 
e. Individual risk-based concentration levels as derived from WAC 173-340-720, “Model Toxics Control Act—Cleanup,” “Groundwater Cleanup Standards,” as calculated in
ECF-100NPL-10-0462, Calculation of Standard Method B Groundwater Cleanup Levels for Potable Groundwater for the 100 Areas and 300 Area Remedial Investigation/
Feasibility Study Reports. 
f. The federal drinking water standard for nitrate is 10 mg/L expressed as nitrogen (40 CFR 141, Subpart G). This equates to 45 mg/L when expressed as NO3.

— = no water quality standard 
NTU  = nephelometric turbidity unit  

PQL = practical quantitation limit
RCRA = Resource Conservation and Recovery Act of 1976

https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.ecfr.gov/cgi-bin/text-idx?SID=49dc1c93cd5e85e125ae2348881d4ed5&mc=true&node=se40.25.143_13&rgn=div8
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-720
https://pdw.hanford.gov/document/0065284H
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf
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C1 Supporting Information for Atomic Energy Act Monitoring 

Groundwater monitoring requirements under the Atomic Energy Act of 1954 (AEA) for the Hanford Site 
are described in DOE/RL-2015-56, Hanford Atomic Energy Act Sitewide Monitoring Plan (hereinafter 
referred to as the AEA sampling and analysis plan [SAP]). Sample collection from the monitoring 
locations identified in the AEA SAP was distributed over 3 years to start; not all wells were intended to 
be sampled during the first year of the monitoring program. The staggered sampling strategy is expected 
to result in reduced monitoring costs as remediation is completed at the Hanford Site. The AEA SAP is 
reviewed annually and revised if needed. 

The AEA groundwater monitoring is integrated with other groundwater monitoring programs at the 
Hanford Site as part of an overall strategy to meet the requirements of the AEA groundwater monitoring 
plan. To implement program integration, a comprehensive groundwater sampling and analysis schedule is 
developed each year by incorporating the sampling and analysis needs established in individual SAPs. 
Integrating the AEA monitoring program into the comprehensive groundwater monitoring schedule 
includes scheduling AEA sampling events in conjunction with other programs (where possible) to avoid 
duplicative sampling events. Schedule integration may also result in situations where AEA monitoring 
data are collected on a slightly different schedule than established in the AEA SAP (DOE/RL-2015-56). 
It may also be the case that schedule integration with multiple projects for a well may not be feasible; 
therefore, sampling events may be delayed and consolidated with a later sampling event. 

Sample collection and analysis in accordance with the AEA SAP (DOE/RL-2015-56) focuses on 
radiological analytes, nitrate and total organic carbon. The AEA groundwater monitoring program relies 
on existing Resource Conservation and Recovery Act of 1976 (RCRA), Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA), and Washington Administrative Code 
monitoring activities for collecting and analyzing groundwater samples for nonradiological constituents 
of interest to meet the requirements of DOE O 458.1 Chg 3 (Admin Chg), Radiation Protection of the 
Public and the Environment, for human health and protection of the environment. The AEA groundwater 
monitoring program evaluates radiological data collected under the other programs to support AEA 
surveillance reporting activities. 

The objectives of AEA monitoring are to determine the location and movement of radionuclide 
contamination in Hanford Site groundwater and to estimate impacts to human health and the environment 
in terms of the total effective dose (TED) received by potential receptors. The analytical results were used 
to estimate the TED from hypothetical exposure of members of the public by drinking radiologically 
contaminated groundwater. The TED at each groundwater well was calculated as the cumulative dose 
from all radionuclides detected in groundwater samples from that well in 2021, including samples 
collected for CERCLA and RCRA. The doses were calculated separately for each sampling event if more 
than one sampling event occurred in 2021. 

The TED was calculated under AEA standards in accordance with DOE O 458.1. DOE-STD-1196-2011, 
Derived Concentration Technical Standard, was released in 2011 to support determining compliance 
with DOE O 458.1. This standard establishes derived concentration standards on a radionuclide- and 
pathway-specific basis, reflecting the current state of knowledge and practice in radiation protection. 
These derived concentration standards are used to calculate doses from exposure to groundwater and 
represent the activity concentration of a given radionuclide in groundwater that results in a member of 
the public receiving a 100 mrem TED from drinking groundwater for one year. The cumulative dose 
from all radionuclides detected at a monitoring location is calculated and compared to the 100 mrem/yr 
TED criterion. 

https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
https://pdw.hanford.gov/document/AR-03732
https://pdw.hanford.gov/document/AR-03732
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://www.directives.doe.gov/directives-documents/400-series/0458-1-border-admc3/@@images/file
https://www.directives.doe.gov/directives-documents/400-series/0458-1-border-admc3/@@images/file
https://www.standards.doe.gov/standards-documents/1100/1196-astd-2011/@@images/file
https://www.directives.doe.gov/directives-documents/400-series/0458-1-border-admc3/@@images/file
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Although groundwater at the Hanford Site is not used as a source of drinking water, remedial actions have 
focused on restoring groundwater quality to its highest use, which is considered to be as a source of 
drinking water. To this end, the radionuclide concentrations in groundwater were also used to evaluate 
whether contaminated Hanford Site groundwater would exceed drinking water standards (DWSs) under 
a hypothetical drinking water exposure scenario. The cumulative drinking water dose was calculated 
under the U.S. Environmental Protection Agency’s DWSs in accordance with 40 CFR 141, “National 
Primary Drinking Water Regulations,” and the process described in EPA 816-F-00-002, Implementation 
Guidance for Radionuclides. The DWSs for beta and photon emitters are established at 4 mrem/yr 
cumulative dose from all beta and photon emitters present in the water supply. The dose is calculated 
using a sum-of-fractions approach to determine the cumulative dose to the whole body or any critical 
organ from beta- and photon-emitting radionuclides and compared to the 4 mrem/yr beta/photon DWS. 
The DWS is calculated using a defined set of radionuclide-specific dose factors that differs from those 
established in DOE-STD-1196-2011. The numerical activity concentration values frequently used for 
comparison of individual beta- or photon-emitting radionuclide concentrations (e.g., 1 pCi/L for 
iodine-129, 8 pCi/L for strontium-90, 900 pCi/L for technetium-99, and 20,000 pCi/L for tritium) 
are actually not the DWSs for those radionuclides. These values are the individual, single-nuclide, 
DWS-equivalent derived activity concentrations. If a single nuclide is present in drinking water at the 
corresponding derived concentration (e.g., 8 pCi/L for strontium-90), then the corresponding dose would 
be 4 mrem/yr, which equals the DWS. If more than one nuclide is present in drinking water, then the 
cumulative dose effects must be calculated using the sum of fractions to determine the actual drinking 
water dose for comparison to the 4 mrem/yr DWS. 

Activity concentrations of the alpha-emitting radionuclides were summed to derive the cumulative 
alpha-emitter activity concentration, which is compared to the 15 pCi/L alpha-emitter DWS 
(EPA 816-F-00-002). This calculation excludes uranium and radium-226 (which are regulated under 
separate standards). Uranium may be measured as mass (total uranium, reported in µg/L) or as activity 
(isotopic uranium, reported in pCi/L). Total uranium concentrations are compared to the 30 µg/L DWS. 
If only isotopic uranium is measured, the activity concentrations are converted to mass and summed for 
comparison to the DWS. 

The calculations of cumulative TED, beta/photon-emitter dose, alpha-emitter activity, and uranium mass 
concentration are provided in ECF-HANFORD-22-0030, Calculation of Radiological Dose Based on 
Calendar Year 2021 Atomic Energy Act Groundwater Monitoring at Hanford. 

Table C-1 lists sampling deviations and omissions for 2021 based on DOE/RL-2015-56 groundwater 
monitoring requirements. Wells not listed in Table C-1 were sampled according to monitoring 
requirements of the AEA SAP (DOE/RL-2015-56). In some cases, wells were sampled beyond the 
requirements listed in the SAP (e.g., wells were sampled more frequently or for additional constituents), 
and those exceptions are not noted in Table C-1. 

https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.25.141&rgn=div5
https://www.epa.gov/sites/production/files/2015-09/documents/2009_04_16_radionuclides_guide_radionuclides_stateimplementation.pdf
https://www.standards.doe.gov/standards-documents/1100/1196-astd-2011/@@images/file
https://www.epa.gov/sites/production/files/2015-09/documents/2009_04_16_radionuclides_guide_radionuclides_stateimplementation.pdf
https://pdw.hanford.gov/document/AR-03732
https://pdw.hanford.gov/document/AR-03732
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Table C-1. AEA Well Sampling Exceptions, 2021 
Well Name(s) Sampling Exceptions and Explanation 

100-BC Groundwater Interest Area 

— No sampling exceptions. 

100-FR Groundwater Interest Area 

— No sampling exceptions. 

100-HR Groundwater Interest Area 

199-H4-8, 199-H4-84 Unsuccessful sampling events since wells were seasonally dry. 

100-KR Groundwater Interest Area 

199-K-13 Removed from sampling schedule due to well corrosion and scheduled to be 
decommissioned. Replacement well is 199-K-239. 

699-78-62 AWLN equipment interfering with lowering of portable pump into the well for 
sampling. Well maintenance will repair prior to future sampling events. 

199-K-222 Well access issue; well not accessible due to Interim Safe Storage work being done 
around the K East Reactor and low river stage. 

100-NR Groundwater Interest Area 

— No sampling exceptions. 

1100-EM Groundwater Interest Area 

— No sampling exceptions. 

Richland North Groundwater Interest Area 

— No sampling exceptions. 

300-FF Groundwater Interest Area 

699-11-E5A Unsuccessful sampling due to samplers unable to locate the well. The well was also 
taken off the WAL. Will be removed AEA SAP (DOE/RL-2015-56). 

699-S29-E16C Road improvements needed for access. Well concern report submitted and will be 
removed from the AEA SAP (DOE/RL-2015-56). 

AT-3-4-M Samplers unable to access due to tree overgrowth. Requested aquifer tube 
maintenance. 

399-8-3 Unsuccessful sampling. Pump failed and well maintenance requested. 

AT-3-7-S Aquifer tube missing. Relabeled in September but label missing by December. Aquifer 
tube AT-3-7-M was sampled in lieu of AT-3-7-S. 

https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
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Table C-1. AEA Well Sampling Exceptions, 2021 
Well Name(s) Sampling Exceptions and Explanation 

200-BP Groundwater Interest Area 

299-E33-205, 299-E33-9 Unsuccessful sampling due to restrictions including specially trained sampling team 
with tank farm contractor presence during sampling. 

699-50-59 All analytes were sampled for except technetium-99 because well ran dry and did not 
have enough water for the last sample bottle. 

299-E35-6 Borehole was dry and was decommissioned in 2020. The well is being removed from 
AEA SAP (DOE/RL-2015-56). 

299-E27-40 Planned well has not yet been drilled. 

200-PO Groundwater Interest Area 

699-42-37 Unsuccessful sampling due to no water to surface. A well concern report will be 
submitted. 

699-36-58A Unsuccessful sampling due to the well not on the WAL. 

299-E17-9 Roped off with “Danger – Do Not Enter” signs posted. Well will be sampled in 2022 
once access issue is resolved. 

200-UP Groundwater Interest Area 

699-38-68A, 299-W22-10 Unsuccessful sampling events. Wells are dry. Will propose to remove from the AEA 
SAP (DOE/RL-2015-56). 

299-W19-132,
299-W22-123,
299-W22-125

Proposed wells are not yet drilled 

699-17-70 The well is located in Arid Lands Ecology Reserve, and there is no road access and 
samplers cannot bail due to electrical equipment within the well. Will remove from the 
AEA SAP (DOE/RL-2015-56). 

200-ZP Groundwater Interest Area 

299-W6-11, 299-W11-14 Unsuccessful sampling events. Wells are dry. Will propose to remove from AEA SAP 
(DOE/RL-2015-56). 

299-W15-1, 299-W15-40 Unsuccessful sampling events. Old pump and treat equipment still installed. 

299-W15-46, 299-W18-1 Unsuccessful sampling events. Wells located in high contamination area at PFP 
demolition project. 

Reference: DOE/RL-2015-56, Hanford Atomic Energy Act Sitewide Groundwater Monitoring Plan. 
AEA = Atomic Energy Act of 1954 
AWLN = automated water-level network 
PFP = Plutonium Finishing Plant 
SAP = sampling and analysis plan 
WAL  = well access list 

https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
https://pdw.hanford.gov/document/AR-03732
https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
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D1 Confined Aquifers 
This appendix describes groundwater flow and groundwater quality in confined and semiconfined 
aquifers within the Ringold Formation and the upper portion of the Columbia River Basalt Group. 
The U.S. Department of Energy monitors groundwater quality in the confined aquifer systems because of 
the potential for downward contaminant migration from the overlying unconfined aquifer in areas where 
confining units are absent or fractured. Groundwater monitoring of the confined aquifer system is 
conducted in accordance with DOE/RL-2015-56, Hanford Atomic Energy Act Sitewide Groundwater 
Monitoring Plan (hereinafter referred to as the Atomic Energy Act of 1954 [AEA] sampling and analysis 
plan [SAP]), as well as some of the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) SAPs that also have requirements for confined aquifer wells. 

D2 Ringold Confined Aquifers 
Numerous wells at the Hanford Site monitor the confined water-bearing units in the Ringold Formation 
(Figure D-1). The most widespread Ringold confined aquifer is where the Ringold lower mud unit 
confines the underlying sediment of Ringold unit A (Figure 1-4 in the main text). Approximately 40 wells 
are screened in Ringold unit A, although not all of the wells have been sampled in recent years. Most of 
the wells are located in or near the Central Plateau; other wells are located in the southern Hanford Site 
(including the 300 Area), and one well is in the 100 Area. 

Local water-bearing units in or beneath the Ringold Formation upper mud unit (RUM) exist in the 
northern Hanford Site (Figure 1-3 in the main text). Hydrogeologic testing in the 100-H Area has shown 
that some of these units are interconnected locally, but they are not believed to form a regional confined 
aquifer. About 30 wells in the 100 Area are screened in water-bearing units within or beneath this unit. In 
the 100-HR-D and 100-HR-H groundwater interest areas, the uppermost water-bearing zone (termed the 
RUM aquifer) is contaminated and is the focus of ongoing characterization and remediation efforts. 

D2.1 Groundwater Flow in Ringold Confined Aquifers 
This section describes groundwater flow in the confined aquifer of Ringold unit A near the 200 Areas 
and farther south. A 2021 potentiometric map for the RUM aquifer in the 100-HR groundwater interest 
area is presented and discussed in Chapter 4 of the main text. 

The elevation of the top of the Ringold confined aquifer varies from 66 m (216 ft) northwest of the 
200 West Area to 110 m (361 ft) in the middle of the Central Plateau to 66 m (215 ft) southeast of the 
200 East Area (ECF-HANFORD-13-0029, Development of the Hanford South Geologic Framework 
Model, Hanford Site, Washington). Insufficient data are available from Ringold unit A in the northern part 
of the Hanford Site to interpret groundwater flow directions. 

Figure D-2 presents the March 2021 potentiometric surface for a portion of the confined aquifer in 
Ringold unit A based on water-level measurements from about 20 monitoring wells. The map is subject to 
uncertainty due to the paucity of data in some areas. However, generalized flow patterns can be inferred 
from available data when the hydrogeologic framework (i.e., the extent of the confined unit, presence of 
basalt subcrops, and influence of the May Junction Fault) is considered. 

https://pdw.hanford.gov/document/AR-03732
https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
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Figure D-1. Ringold Confined Aquifer Monitoring Wells 
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Reference: NAVD88, North American Vertical Datum of 1988. 

Figure D-2. Potentiometric Groundwater Surface for Ringold Unit A, March 2021 
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Groundwater flow in the Ringold confined aquifer is generally west to east near the 200 West Area and 
west to east along the southern boundary of the aquifer near the Rattlesnake Hills. This flow pattern 
indicates that recharge occurs west of the 200 West Area in upgradient areas within the Cold Creek 
Valley, as well as in Dry Creek Valley and possibly the Rattlesnake Hills. East of the 200 West Area, 
a bend in the 128 m (420 ft) contour and the closed 130 m (427 ft) contour shown in Figure D-2 illustrate 
the impact of pump and treat injection wells screened in Ringold unit A. 

The head in confined wells in the 200 West Area declined as much as 0.81 m (2.7 ft) in well 299-W7-3 
between 2018 and 2019 in response to declining head in the overlying unconfined aquifer. Head declined 
further in well 299-W7-3 between 2020 and 2021. In 2021, variability in head of 0.23 and 0.47 m 
(0.75 and 1.5 ft) were noted in wells 699-43-69 and 699-45-69C, located east of the 200 West Area near 
confined aquifer injection wells.  

Near the 200 East Area, flow in the Ringold confined aquifer converges from the west, south, and east 
before discharging to the unconfined aquifer where the Ringold lower mud is absent (Section 4.2.3 in 
PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and Vicinity, 
Hanford Site, Washington). There are higher heads in the region under B Pond and the Treated Effluent 
Disposal Facility. The head in confined wells near the 200 East Area decreased, with the largest decrease 
by 0.1 m (0.33 ft) in well 699-42-39B between 2019 and 2021. The rate of decline in head in this well has 
slowed in recent years.  

Eastward flow away from the region of elevated water levels west of the May Junction Fault does not 
occur due to the north-south-trending fault, located east of the B Pond area (Section 2.4.3 in 
DOE/RL-2008-59, Interim Status Groundwater Monitoring Plan for the 216-B-3 Pond). Hydraulic head 
and water chemistry differences across this fault indicate that it is a barrier-to-groundwater flow in the 
confined aquifers (Sections 4.2.3 and 4.3.2 in PNNL-12261). While impermeable units have been 
juxtaposed against permeable units along part of the fault, the mud units may also have smeared along the 
fault zone and sealed it (Plates 8 and 9 in PNNL-12261). South of the B Pond area, the water flow 
divides, with some flow moving northwest toward the 200 East Area and some flow moving east or 
southeast. The exact location of the flow divide is not known because of a lack of water-level data in this 
area and uncertainty regarding the southward extent of the May Junction Fault. 

The potentiometric contours for the Ringold confined aquifer (Figure D-2) are similar to the 
potentiometric surface contours for the upper basalt confined aquifer system, indicating that flow patterns 
in the central portion of the Hanford Site are similar in both aquifers. Basalt bedrock from the topographic 
low area at Gable Gap near the 200 East Area was eroded significantly by late Pleistocene catastrophic 
flooding (Section 7.0 in PNNL-19702, Hydrogeologic Model for the Gable Gap Area, Hanford Site), 
which facilitates intercommunication between the suprabasalt unconfined and Saddle Mountains Basalt 
interbed confined aquifers. The 200 East Area is a discharge area for both of the confined aquifers, which 
explains the similar flow patterns. 

D2.2 Groundwater Quality in Ringold Confined Aquifers 
Wells monitoring Ringold confined and semiconfined aquifers are sampled in accordance with the 
objectives of the AEA SAP (DOE/RL-2015-56) and the groundwater operable units in which they are 
located. The main text of this report discusses the monitoring results, and highlights of the monitoring are 
summarized in the following discussion. Table D-1 summarizes recent sampling results. 

https://pdw.hanford.gov/document/0906180659
https://pdw.hanford.gov/document/0066771H
https://pdw.hanford.gov/document/0906180659
https://pdw.hanford.gov/document/0906180659
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-19702.pdf
https://www.govinfo.gov/content/pkg/STATUTE-68/pdf/STATUTE-68-Pg919.pdf#page=30
https://pdw.hanford.gov/document/AR-03732
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Table D-1. Groundwater Quality in Ringold Confined Aquifers 
Groundwater 
Interest Area Wells Sampleda 

Groundwater Contaminantb (DWS or Cleanup 
Level) and Maximum Concentration in 2021 

Wells Screened in Water-Producing Zones in the Ringold Formation Upper Mud Unit 

100-BC 199-B2-12 None 

100-FR 199-F5-43B Not sampled in 2021 

100-HR-D 199-D5-134, 199-D5-141,
199-D8-54B, 699-97-48C, and
699-97-61

Hexavalent chromium (48 µg/L): 157 µg/L 
Filtered total chromium (100 µg/L): 65 µg/L 

100-HR-H 199-H2-1, 199-H3-2C, 199-H3-9,
199-H3-10, 199-H3-12, 199-H3-13,
199-H3-22, 199-H3-28, 199-H3-29,
199-H3-30, 199-H3-32, 199-H4-12C,
199-H4-15CQ, 199-H4-15CS,
199-H4-90, 199-H4-91, 199-H7-1,
699-97-43C, 699-97-45B, 699-95-45C,
and 699-97-60

Hexavalent chromium (48 µg/L): 297 µg/L 
Filtered total chromium (100 µg/L): 280 µg/L 
Nitrate (45 mg/L): 93 mg/L 
Technetium-99 (900 pCi/L): 218 pCi/L 

100-KR-4 199-K-32B and 199-K-192 None 

100-NR 199-N-80 Hexavalent chromium (48 µg/L): 113 µg/L 
Filtered total chromium (100 µg/L): 120 µg/L 

Well Screened in Ringold Unit B 

100-HR-H 199-H4-15CR None 

Wells Screened in Ringold Unit A 

100-HR-H 199-H4-15CQ Not sampled in 2021 

300-FF 399-1-16C, 399-1-17C, 399-1-18C,
399-1-9, 399-8-5C, and 699-S29-E16C

None 

200-BP 699-42-40A, 699-43-41G, and
699-45-42

Iodine-129 (1 pCi/L): 3.41 pCi/L 
Tritium (20,000 pCi/L): 27,700 pCi/L 

200-PO 299-E25-28, 699-28-40P, 699-31-31,
699-39-39, 699-41-40, 699-42-39B,
and 699-42-42B

Iodine-129 (1 pCi/L): 5.38 pCi/L 
Nitrate (45 mg/L): 83.2 mg/L 

200-ZPc 699-43-69, 699-45-69C, and 699-47-60 Carbon tetrachloride (3.4 µg/L): 175 µg/L 
Hexavalent chromium (48 µg/L): 38.15 µg/L 
Nitrate (45 mg/L): 244 mg/L 
Trichloroethene (1 µg/L): 2.21 µg/L 

a. Listed wells have been sampled between 2015 and 2021.
b. Listed contaminants are present at levels greater than one-half of the DWS or cleanup level. 
c. Other wells in the 200-ZP groundwater interest area are screened in Ringold unit A where the Ringold lower mud is
absent: 299-W6-6, 299-W7-3, 299-W11-88, 299-W12-2, 299-W12-3, 299-W14-73, and 299-W14-74. The aquifer is not
confined at these locations, and the results are not reported here.
DWS = drinking water standard 



DOE/RL-2021-51, REV. 0 

D-6

D2.2.1 Ringold Upper Mud Unit 
In some wells in the 100-HR-D and 100-HR-H groundwater interest areas, concentrations of hexavalent 
chromium (Cr(VI)) and total chromium are greater than CERCLA cleanup levels (48 µg/L for Cr(VI) and 
100 µg/L for total chromium) (Table D-1). Two RUM aquifer wells in 100-HR-H also exceeded the 
45 mg/L cleanup level for nitrate. Chapter 4 in the main text includes plume maps for Cr(VI), total 
chromium, and nitrate in the RUM aquifer. 

Technetium-99 concentrations were elevated (>500 pCi/L) in some samples from 100-HR-H 
wells 199-H3-13, 199-H3-22, and 199-H3-29 in the past several years. All concentrations were below 
the 900 pCi/L drinking water standard (DWS) in 2021. 

The RUM aquitard separates the semiconfined and unconfined aquifer and is thicker and more 
competent in the 100-D Area than in the 100-H Area. Farther east, the confining unit thins and tends to 
consist of more sand and gravel. It is theorized that the less competent nature of the material in the eastern 
part of 100-HR allowed contaminants to move downward into the lower aquifer during the reactor 
operational period, when there was high hydraulic head in the unconfined aquifer. Groundwater in the 
RUM semiconfined aquifer in 100-HR is being remediated (Section 4.7 in the main text). 

In the 100-N Area, Cr(VI) and total chromium concentrations are elevated in RUM well 199-N-80. 
In 2021, the Cr(VI) concentration was 113 µg/L, and filtered total chromium was 120 µg/L (about the 
same as 2016 through 2019). This is the only well in 100-NR that is screened in the RUM. Attempts to 
install another well in a similar water-bearing zone in 2011 were unsuccessful; no water-bearing zone was 
encountered during drilling. 

D2.2.2 Ringold Unit A 
Some of the wells screened in Ringold unit A detect groundwater contaminants (Table D-1). The region 
just east of the 200 West Area (200-UP and 200-ZP) is contaminated with carbon tetrachloride, 
trichloroethene, Cr(VI), total chromium, and nitrate. These contaminants apparently reached Ringold 
unit A in a region of the 200 West Area where the Ringold lower mud is absent. As the groundwater 
continues to flow toward the east where the mud is present, it becomes confined. Carbon tetrachloride 
exceeded the 5 µg/L DWS in wells 699-43-69 and 699-45-69C in 2021, and additional wells had 
concentrations above the 3.4 µg/L CERCLA cleanup level. The carbon tetrachloride plume map in 
Chapter 12 of the main text shows the overall extent of contamination in the confined and unconfined 
aquifers. Trichloroethene exceeded the 1 µg/L CERCLA cleanup level only in well 699-43-69 in 2021. 
Nitrate exceeded the 45 mg/L CERCLA cleanup level at wells 699-45-69C and 699-47-60 in 2021. 
The highest concentration was 332 mg/L in well 299-W11-88, continuing a rising trend. 

The Ringold unit A confined aquifer is the uppermost aquifer in a region east of the 200 East Area 
(200-BP and 200-PO). The regional contaminants nitrate, iodine-129, and tritium are detected in wells 
monitoring this aquifer (Table D-1). Contamination has not been observed in wells located downgradient 
of the contaminated wells, indicating that it is of limited extent. 

Iodine-129 contamination of Ringold confined aquifer wells in the 200 East Area exceeded the DWS at 
wells 299-E25-28 and 699-42-42B in 2021. The highest concentration was 5.38 pCi/L at 
well 299-E25-28. Well 699-39-39 exceeded the DWS for nitrate at 83.2 mg/L in 2021, which is lower 
than the concentration in 2020. The tritium concentration at well 699-42-40A exceeded the DWS 
at 27,700 pCi/L, an increase from 2020.  

https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
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D3 Upper Basalt Confined Aquifer 
The upper basalt confined aquifer occurs within basalt fractures and joints, interflow contacts, and 
sedimentary interbeds within the upper Saddle Mountains Basalt. The thickest and most widespread 
sedimentary unit in this system is the Rattlesnake Ridge interbed, which is present beneath much of the 
Hanford Site. Groundwater also occurs within the Levey interbed, which is present only in the southern 
portion of the Hanford Site. A small interflow zone occurs within the Elephant Mountain Member of the 
upper Saddle Mountains Basalt and may be significant to the lateral transmission of water. The upper 
basalt confined aquifer system is confined by the dense, low-permeability interior portions of the 
overlying basalt flows and in some places by silt and clay units of the lower Ringold Formation that 
overlie the basalt. Approximately 40 wells screened in the upper basalt confined aquifer have been 
sampled or had water levels measured in recent years (Figures D-3 through D-5). 

An area of intercommunication between the unconfined and upper basalt confined aquifers exists near 
the 200 East Area where the confining layers are eroded away or fractured. Several basalt confined 
wells have shown evidence of intercommunication with the overlying unconfined aquifer (Section 3.0 
in PNL-10817, Hydrochemistry and Hydrogeologic Conditions Within the Hanford Site Upper Basalt 
Confined Aquifer System).  

D3.1 Groundwater Flow in Upper Basalt Confined Aquifer 
Figure D-6 presents the interpreted 2021 potentiometric surface for the upper basalt confined aquifer 
south of Gable Butte and Gable Mountain based on the water-level measurements from 36 monitoring 
wells. The region to the north of Gable Butte and Gable Mountain was not contoured due to 
an insufficient number of wells in this area. Plate 1 in PNL-8869, Preliminary Potentiometric Map and 
Flow Dynamic Characteristics for the Upper-Basalt Confined Aquifer System, provides a generalized 
potentiometric surface map of this area. The upper basalt confined aquifer system does not exist in the 
Cold Creek Valley and along the west portion of the Gable Mountain and Gable Butte structural area due 
to the absence of the Rattlesnake Ridge interbed. 

Recharge to the upper basalt confined aquifer system likely occurs from upland areas along the margins 
of the Pasco Basin and results from infiltrating precipitation and surface water where the basalt 
and interbeds are exposed at or near ground surface. Recharge may also occur from the overlying 
aquifers (i.e., the unconfined aquifer or confined aquifer in the Ringold Formation) in areas where the 
hydraulic gradient is downward and from deeper basalt aquifers where an upward gradient is present. 
The Yakima River may also be a source of recharge to this aquifer system. The Columbia River 
represents a discharge area for this aquifer system in the southeastern portion of the Hanford Site where 
the river has a lower head than the upper basalt confined aquifer, but not for the northern portion of the 
Hanford Site where the river head is higher (Section 3.2 in PNL-8869). Discharge also occurs to the 
overlying aquifers in areas where the hydraulic gradient is upward. Discharge to the overlying unconfined 
aquifer near the Gable Butte and Gable Mountain structural area is believed to occur through windows 
eroded in the basalt. 

https://www.osti.gov/servlets/purl/111944
https://www.osti.gov/servlets/purl/10103183
https://www.osti.gov/servlets/purl/10103183
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Figure D-3. Upper Basalt Confined Aquifer Monitoring Wells in the Rattlesnake Ridge Interbed 
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Figure D-4. Upper Basalt Confined Aquifer Monitoring Wells in the Levey Interbed 
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Figure D-5. Upper Basalt Confined Aquifer Monitoring Wells 
in the Upper Saddle Mountains Basalt or Other Units 
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Reference: NAVD88, North American Vertical Datum of 1988. 

Figure D-6. Potentiometric Surface for Upper Basalt Confined Aquifer, March 2021 
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South of Gable Butte and Gable Mountain, groundwater in the upper basalt confined aquifer 
system generally flows from west to east across the Hanford Site, toward the Columbia River. 
The north-south-trending May Junction Fault (located east of B Pond) acts as a barrier to groundwater 
flow in the unconfined aquifer and the confined aquifer within the Ringold Formation (Section 2.4.3 
in DOE/RL-2008-59). It may also impede the movement of water in the upper basalt confined aquifer 
system by juxtaposing permeable units opposite impermeable units. As with the Ringold confined 
aquifer, a flow divide is interpreted to exist southeast of the 200 East Area and B Pond in the upper basalt 
confined aquifer system, but the exact location of this divide is uncertain because of a lack of wells in 
the area. 

Groundwater flow rates within the Rattlesnake Ridge interbed have been estimated between 0.7 and 
2 m/yr (2.3 and 6.6 ft/yr) (Section 4.2 in PNL-10817), which is a considerably lower flow rate than 
most estimates for the overlying unconfined aquifer system. The sediment comprising the interbed 
consists mostly of sandstone (with silts and clays) and is much less permeable than the sediment in the 
unconfined aquifer. In addition, the magnitude of the hydraulic gradient is generally lower than in the 
unconfined aquifer. 

The vertical hydraulic gradient between the upper basalt confined aquifer system and the overlying 
aquifer varies spatially, as shown by comparison of observed heads depicted for 2014 in Figure D-4 of 
DOE/RL-2015-07, Hanford Site Groundwater Monitoring Report for 2014. An upward gradient exists 
beneath most of the Hanford Site. A downward gradient exists in the western portion of the Hanford Site 
and near the B Pond recharge mound, as well as in regions north and east of the Columbia River. Near 
B Pond, the vertical head gradient between the unconfined aquifer system and the upper basalt confined 
aquifer system has diminished in recent years but remains downward. An area of upward gradient beneath 
a portion of the 200 West Area is caused by groundwater extraction, which reduced heads in the 
unconfined aquifer. 

In the 200 East Area, the potentiometric surface (Figure D-4) is similar to the potentiometric surface for 
the Ringold confined aquifer (Figure D-2). The basalt in this area was significantly eroded by late 
Pleistocene catastrophic flooding, which facilitates aquifer intercommunication (Section 7.0 in 
PNNL-19702). In the 200 East Area and to the immediate north, the vertical hydraulic gradient between 
the upper basalt confined aquifer system and the overlying aquifer is upward. It is likely that the upper 
basalt confined aquifer system currently discharges to the overlying aquifer in this region. 

Water levels have been declining in most of the basalt confined wells in the 200 East and 200 West 
Areas in response to reduced loading of the confined aquifer (i.e., a reduction in external stress) caused 
by water-level declines in the overlying unconfined aquifer and Ringold confined aquifer. The largest 
decline near the 200 West and 200 East Areas between 2018 and 2019 was 0.18 m (0.6 ft) in 
piezometer 699-29-70AP (no 2021 measurement is available). The largest decline between 2019 and 2021 
was 0.31 m (1 ft) in 699-47-80AP. Only one well (699-S24-19P) had an increase in water level (0.05 m 
[0.16 ft]) between 2019 and 2021.  

D3.2 Groundwater Quality in Upper Basalt Confined Aquifer 
The upper basalt confined aquifer system is not affected by contamination as much as the unconfined 
aquifer. Contamination in the upper basalt confined aquifer system is most likely to occur in areas where 
the confining units have been eroded away or were never deposited, and where past disposal of large 
amounts of wastewater resulted in downward hydraulic gradients. Researchers have identified areas of 
intercommunication between the contaminated unconfined aquifer and the upper basalt confined aquifer 
by geochemical signatures and the presence of nitrate and tritium in groundwater in some basalt confined 

https://pdw.hanford.gov/document/0066771H
https://www.osti.gov/servlets/purl/111944
https://pdw.hanford.gov/document/0080600H
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-19702.pdf
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wells near the 200 East Area (Chapter 3.0 in PNL-10817). However, groundwater monitoring data do not 
indicate that contamination has migrated into the upper basalt confined aquifer. Due to poor seals in wells 
constructed prior to implementation of WAC 173-160, “Minimum Standards for Construction and 
Maintenance of Wells,” intercommunication between aquifers has permitted groundwater flow from the 
unconfined aquifer to the underlying confined aquifer in the past, increasing the potential to spread 
contamination (e.g., at well 299-E33-12, as discussed below). Section 2.14.2 of DOE/RL-2008-01, 
Hanford Site Groundwater Monitoring for Fiscal Year 2007, further discusses communication between 
the upper basalt confined aquifer system and the overlying aquifers. 

Thirteen wells screened in the upper basalt confined aquifer were sampled between 2015 and 2021. 
Contaminant concentrations are far below DWSs in the basalt confined aquifer (Table D-2), with two 
exceptions. Previous drilling practices and well construction at well 299-E33-12 (northwestern 200 East 
Area) allowed migration of groundwater from the overlying unconfined aquifer. This well was drilled 
in 1953 and was completed as an open hole from just above the bottom of the unconfined aquifer through 
the Rattlesnake Ridge interbed. Contamination is believed to have migrated from the unconfined aquifer, 
down the open borehole, and into the Rattlesnake Ridge interbed (Section 2.14.2 in DOE/RL-2008-01). 
The well was sealed from the unconfined aquifer in 1979, with an additional seal placed in the well 
in 1990 to shorten the open interval. Technetium-99 concentrations continued to be elevated in samples 
from this well and possibly in a small area of the confined aquifer. In 2017, iodine-129 was detected 
above the DWS (3.11 pCi/L) in well 299-E33-50. The result is flagged as a suspected error and no 
iodine-129 was detected in 2021. The hydraulic gradient is upward in this region. 

The strong downward hydraulic gradient formerly present in this region and partial erosion of the 
basalt confining unit allowed communication between the unconfined and basalt confined aquifers 
(RHO-RE-ST-12P, An Assessment of Aquifer Intercommunication in the B Pond-Gable Mountain Pond 
Area of the Hanford Site).  

Groundwater in basalt confined wells in other regions of the Hanford Site is uncontaminated based on 
data from a small number of available wells that were sampled in recent years (Table D-2). 

Table D-2. Groundwater Quality in Upper Basalt Confined Aquifer 
Groundwater 
Interest Area Wells Sampleda 

Groundwater Contaminantb (DWS or Cleanup 
Level) and Maximum Concentration in 2021 

100-H 199-H4-15CP None 

200-BP

299-E26-8, 299-E33-12,
299-E33-340, 299-E33-40,
299-E33-50, 699-42-40C,
699-49-55B, 699-49-57B,
699-52-55B

Technetium (900 pCi/L): 1,150 pCi/Lc 

Nitrate (45 mg/L): 39 mg/Lc 

200-PO 299-E16-1 and 699-S24-19P None 

300-FF 699-13-1C None 

a. Listed wells have been sampled between 2015 and 2021. Not all wells were sampled in 2021.
b. Listed contaminants are present at levels one-half of the DWS or cleanup level.
c. Not representative of the basalt confined aquifer. Migrated down wellbore from unconfined aquifer (see text discussion).
DWS = drinking water standard

https://www.osti.gov/servlets/purl/111944
http://apps.leg.wa.gov/wac/default.aspx?cite=173-160
https://pdw.hanford.gov/document/00098824
https://pdw.hanford.gov/document/00098824
https://pdw.hanford.gov/document/D196002251
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E1 Groundwater Monitoring Data Usability Assessment 
This data usability assessment (DUA) evaluates laboratory data generated from routine groundwater 
samples collected during 2021 as part of the Hanford Site groundwater monitoring program. The purpose 
of this DUA is to determine if the data are the right type and of sufficient quality and quantity to meet the 
data quality requirements specified in CPCC-00172, Environmental Quality Assurance Program Plan. 
Meeting the specified data quality requirements provides assurance that the data collected are the right 
type and of sufficient quantity and quality for the groundwater monitoring program. 

Because nonstatistical sampling designs were used for collecting routine groundwater samples, the data 
quality assessment (DQA) process presented in EPA/240/B-06/002, Data Quality Assessment: 
A Reviewer’s Guide (EPA QA/G-9R), is not appropriate for assessing routine groundwater data. Instead, 
routine groundwater data were evaluated using the data quality indicators of precision, accuracy, 
representativeness, comparability, completeness, and sensitivity. 

For the 2021 routine groundwater monitoring program, a total of 1,252 wells, aquifer tubes, and springs 
were sampled during 2,601 sampling trips over the extent of the Hanford Site.1 These sampling events 
generated 13,762 laboratory samples. From these 13,762 samples, six analytical laboratories reported 
206,590 laboratory results. These sampling events only cover routine groundwater monitoring and do not 
include groundwater sampling events for special projects (e.g., 100-K rebound studies) or pump and treat 
operations. The sampling events included are those that generated data in the Hanford Environmental 
Information System (HEIS) database as of February 7, 2022. Any 2021 routine groundwater monitoring 
data entered into the HEIS database after that date are not included in this assessment. 

E2 Scope 
The 2021 routine groundwater monitoring data are evaluated to determine whether they meet the 
analytical criteria outlined in CPCC-00172. The methodology includes data verification and data 
usability evaluations. 

This assessment focuses on the laboratory chemical and radiochemical data collected for routine 
groundwater monitoring during 2021 and evaluates these data to determine if they are the right type and 
of sufficient quality and quantity to meet the data quality requirements specified in CPCC-00172. 
The DUA process is not intended to be a definitive analysis of a project or problem. Rather, it provides an 
initial assessment of the reasonableness of the data based solely on the quality control (QC) information 
associated with the data and not on the technical interpretations of the data. 

Nonstatistical sampling designs were used for collecting routine groundwater samples; therefore, 
the data quality assessment (DQA) process presented in EPA/240/B-06/002 is not appropriate for 
assessing routine groundwater data. Instead, routine groundwater data were evaluated using the data 
quality indicators of precision, accuracy, representativeness, comparability, completeness, and sensitivity. 

1 The numbers in this paragraph refer to routine groundwater sample events for laboratory analysis and do not 
include in-process samples for pump and treat systems. 

https://pdw.hanford.gov/document/AR-17629
https://www.epa.gov/sites/default/files/2015-08/documents/g9r-final.pdf
https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
https://www.epa.gov/sites/production/files/2015-08/documents/g9r-final.pdf
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E2.1 Data Verification 
Data verification is the process of evaluating the completeness, correctness, conformance, and compliance 
of a specific dataset against the method, procedural, or contractual requirements. Chapter E4 documents 
this evaluation.  

E2.2 Data Validation 
Data validation is an analyte- and sample-specific process that extends the evaluation of data beyond 
method or contractual compliance (data verification) to determine the analytical quality of a specific 
dataset (typically data in single analytical batches). Data validation is an assessment to establish the 
reliability of data and is typically performed by an independent third party. Analytical data validation 
provides a level of assurance based on technical evaluation that an analyte is either present or absent. 
Validation might include verifying required deliverables (e.g., the minimum detection limits [MDLs]), 
verifying instrument calibrations, evaluating analytical results based on method blanks, recovery of 
various internal standards, determining correctness of uncertainty calculations, identifying and 
quantifying analytes, and determining the effect of quality deficiencies on the analytical sample data. 

Third-party validation was not performed on 2021 routine groundwater monitoring data. 

E2.3 Data Usability 
A DUA is a determination of the adequacy of the entire dataset to support groundwater monitoring 
program requirements based upon the verification results. Data usability was assessed using the data 
quality indicators of precision, accuracy, representativeness, comparability, and completeness in 
accordance with EPA/240/R-02/004, Guidance on Environmental Data Verification and Data Validation 
(EPA QA/G-8), as interpreted through the requirements of CPCC-00172. Chapter E6 summarizes 
this assessment. 

E3 Groundwater Monitoring Program Analytical Data Quality Requirements 
Table E-1 presents the groundwater monitoring program data quality requirements from CPCC-00172. 
The QC results for groundwater monitoring samples were evaluated against these requirements as part of 
this DUA (Sections E4.2 and E4.3). The QC samples governed by the QC requirements may be divided 
into field and laboratory components. Sections E3.2 and E3.3 describe these two types of QC samples. 

https://www.epa.gov/sites/production/files/2015-06/documents/g8-final.pdf
https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
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Table E-1. Groundwater Field and Laboratory QC Elements and Acceptance Criteria 

Analyte/Method QC Element Acceptance Criteria 
Corrective 

Action 

General Chemical Parameters 

Alkalinity 
Oil and grease 
Total organic carbon 
Total organic halides 

Method blank < MDL or <5% sample concentration Flag with “C” 

LCS 80% to 120% recovery Flag with “O”a

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc 75% to 125% recovery Flag with “N” 

FB < MDL or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Total dissolved solids Method blank < MDL or <5% sample concentration Flag with “C” 

LCS 80% to 120% recovery Flag with “O”a

Duplicateb ≤20% RPD Review datad 

FB < MDL or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Ammonia and Anions 

Ammonia 
IC anions 
Total cyanide 
Free cyanide 
Sulfide 

Method blank < MDL or <5% sample concentration Flag with “C” 

LCS 80% to 120% recovery Flag with “O”a

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc 75% to 125% recovery Flag with “N” 

FB < MDL or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Metals 

Hexavalent chromium 
ICP/AES metals 
ICP/MS metals 
Mercury 
Uranium (total)  

Method blank < MDL or <5% sample concentration Flag with “C” 

LCS 80% to 120% recovery Flag with “O”a

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc 75% to 125% recovery Flag with “N” 

FB < MDL or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Volatile Organic Compounds 

TPH-gasoline by GC Method blank < MDL or <5% sample concentration Flag with “B” 

LCS 70% to 130% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc 70% to 130% recovery Flag with “N” 

Surrogate 60% to 140% recovery Review datad 

FB < MDL or <5% sample concentration Review datad 

Field duplicateb ≤20% RPD Flag with “Q” 
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Table E-1. Groundwater Field and Laboratory QC Elements and Acceptance Criteria 

Analyte/Method QC Element Acceptance Criteria 
Corrective 

Action 

Volatiles by GC/MS 
Methanol by GC/MS 

Method blank < MDLf or <5% sample concentration Flag with “B” 

LCS 70% to 130% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc 70% to 130% recovery Flag with “T” 

Surrogate 70% to 130% recovery Review datad 

FB, including FXR < MDLf or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Semivolatile Organic Compounds 

EPH by GC/FID 
TPH-diesel or 
TPH-kerosene by GC 

Method blank < MDL or <5% sample concentration Flag with “B” 

LCS 70% to 130% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc 70% to 130% recovery Flag with “N” 

Surrogate 60% to 140% recovery Review datad 

FB < MDL or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Herbicides by GC 
PCBs by GC 
Pesticides by GC 

Method blank < MDL or <5% sample concentration Flag with “B” 

LCS 70% to 130% recovery or statistically 
derived limitse Flag with “O”a 

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc % recovery statistically derivede Flag with “N” 

Surrogate % recovery statistically derivede Review datad 

FB < MDL or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

PAHs by GC/MS 
Semivolatiles by 
GC/MS 

Method blank < MDLf or <5% sample concentration Flag with “B” 

LCS 70% to 130% recovery or statistically derived 
limitse Flag with “O”a 

Duplicateb or MS/MSDc ≤20% RPD Review datad 

MS/MSDc % recovery statistically derivede Flag with “T” 

Surrogate % recovery statistically derivede Review datad 

FB < MDLf or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 
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Table E-1. Groundwater Field and Laboratory QC Elements and Acceptance Criteria 

Analyte/Method QC Element Acceptance Criteria 
Corrective 

Action 

Dioxins/furans, total, 
and/or congeners by 
HRGC/HRMS 

Method blank < PQL or <5% sample concentration Flag with “B” 

LCS % recovery statistically derivede Flag with “O”a

Duplicateb ≤20% RPD Review datad 

Surrogate % recovery statistically derivede Review datad 

FB < PQL or <5% sample concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Radiological Parameters 

Alpha energy analysis: 
Americium/curium 
Neptunium 
Plutonium 
Thorium 
Uranium (isotopic) 

Method blank < MDC or <5% sample activity concentration Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb ≤20% RPD Review datad 

Tracer 30% to 105% recovery Review datad 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Carbon-14 Method blank < MDC or <5% sample activity concentration Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb ≤20% RPD Review datad 

MS 75% to 125% recovery Flag with “N” 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Chlorine-36 
Radium-226 by 
Lucas cell  
Radium-228 by 
gas-flow proportional 
counting 
Strontium-90 

Method blank < MDC or <5% sample activity concentration Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb ≤20% RPD Review datad 

Tracerg 30% to 105% recovery Review datad 

Carrierg 40% to 110% recovery Review datad 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Gamma energy 
analysis 

Method blank < MDC or <5% sample activity Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb ≤20% RPD Review datad 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 
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Table E-1. Groundwater Field and Laboratory QC Elements and Acceptance Criteria 

Analyte/Method QC Element Acceptance Criteria 
Corrective 

Action 

Gross alpha 
Gross beta 

Method blank < MDC or <5% sample activity concentration Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb ≤20% RPD Review datad 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Iodine-129 Method blank < MDC or <5% sample activity concentration Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a 

Duplicateb ≤20% RPD Review datad 

Carrier 40% to 110% recovery Review datad 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Selenium-79 Method blank < MDC or <5% sample activity concentration Flag with “B” 

Duplicateb ≤20% RPD Review datad 

Carrier 40% to 110% recovery Review datad 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Plutonium-241 Method blank < MDC or <5% sample activity concentration Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb ≤20% RPD Review datad 

Tracer 30% to 105% recovery Review datad 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 

Technetium-99 
Tritium 

Method blank < MDC or <5% sample activity concentration Flag with “B” 

LCS 80% to 120% recovery or statistically 
derived limitse Flag with “O”a

Duplicateb ≤20% RPD Review datad 

MS 75% to 125% recovery Flag with “N” 

FB < MDC or <5% sample activity concentration Flag with “Q” 

Field duplicateb ≤20% RPD Review datad 
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Table E-1. Groundwater Field and Laboratory QC Elements and Acceptance Criteria 

Analyte/Method QC Element Acceptance Criteria 
Corrective 

Action 

Source: CPCC-00172, Environmental Quality Assurance Program Plan. 
a. The reporting laboratory applies the “O” flag with Sample Management and Reporting concurrence.
b. Applies when at least one result is greater than the PQL (chemical analyses) or greater than five times the MDC
(radiochemical analyses). 
c. Either a sample duplicate or an MSD is to be analyzed to determine measurement precision. (If there is insufficient sample
volume, an LCS duplicate is analyzed with the acceptance criteria defaulting to the DUP/MSD criteria.)
d. After review, corrective actions are determined on a case-by-case basis. Corrective actions may include a laboratory recheck
or flagging the data.
e. Laboratory-determined, statistically derived control limits based on historical data are used here. Control limits are reported
with the data. 
f. For the common laboratory contaminants 2-butanone, acetone, methylene chloride, toluene, and phthalate esters, the
acceptance criterion is <5 times the MDL.
g. Multiple QC options and criteria are listed; only one shall be performed

DUP = duplicate 
EPH = extractable petroleum hydrocarbons 
FB = field blank (includes equipment blank, full trip 

blank, and field transfer blank) 
FXR = field transfer blank 
GC = gas chromatography 
GC/FID = gas chromatography/flame ionization detector 
GC/MS = gas chromatography/mass spectrometry 
HRGC = high-resolution gas chromatography 
HRMS = high-resolution mass spectrometry 
IC = ion chromatography 
ICP/AES = inductively coupled plasma/atomic emission  

spectroscopy 

ICP/MS = inductively coupled plasma/mass 
spectrometry  

LCS = laboratory control sample  
MDC = minimum detectable concentration 
MDL = method detection limit 
MS = matrix spike 
MSD = matrix spike duplicate 
PAH = polynuclear aromatic hydrocarbons 
PCB = polychlorinated biphenyl 
PQL = practical quantitation limit 
QC = quality control 
RPD = relative percent difference 
TPH = total petroleum hydrocarbons 

Data flags: 
B,C = possible laboratory contamination (analyte was detected in the associated method blank) 
N = result may be biased (associated MS result was outside of the acceptance limits) 
O = result may be biased (associated LCS result was outside of the acceptance limits) 
Q = problem with associated field QC sample (FB, field duplicate, and/or field split results were out of limits; used for 

all methods except GC/MS) 
T = result may be biased (associated MS result was outside of the acceptance limits; used with GC/MS methods only) 

E3.1 Analyte Reporting Conventions 
To conform to the analyte reporting conventions used in the annual report and to provide comparability of 
analytical results among the reporting laboratories, the following analyte reporting conventions are used 
in this assessment: 

• Ammonia: Nitrogen-in-ammonia results are converted to and evaluated as ammonia.
• Nitrate: Nitrogen-in-nitrate results are converted to and evaluated as nitrate.
• Nitrite: Nitrogen-in-nitrite results are converted to and evaluated as nitrite.
• Phosphate: Phosphorus-in-phosphate results are converted to and evaluated as phosphate.

https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
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E3.2 Field Quality Control Sample Types 
Field QC samples are used to assess the precision, repeatability, and potential contamination related to 
sampling and laboratory activities. Field QC samples include three types of field blanks (FBs) (equipment 
blanks [EBs], full trip blanks [FTBs], and field transfer blanks [FXRs]), field duplicates, and field split 
samples. Table E-4 (provided later in this appendix) summarizes the various field QC sample types, the 
required collection frequencies, and the actual collection frequencies. For groundwater samples, 
preservative reagents specific for the analytes to be determined are added to the field QC sample bottles 
prior to collecting the QC samples. All field QC samples are delivered to the laboratory without any 
differentiation between the field QC samples and actual groundwater samples. 

• FTB: Samples that contain high-purity deionized water and any required preservatives. FTBs are
used to monitor for potential contamination in sample bottles, preservative reagents, storage
conditions, transportation, or laboratory sample preparation. The FTB may be analyzed for all
constituents of interest and is collected in the same types of sample bottles used to collect
groundwater samples. FTBs are prepared prior to traveling to the field and are not opened in the field.

• FXR: Analyzed for volatile organic compounds (VOCs) and used to monitor for VOC contamination
associated with sampling activities. At the time of sample collection, the FXR is filled at the sampling
site by pouring high-purity deionized water from a clean glass container into VOC sample vials
pre-loaded with acid preservative. After collection, the FXR is treated in the same manner as the other
samples collected during the sampling event. Typically, one FXR is collected each day that
groundwater samples are collected for VOCs. If the VOC samples collected on a given day will be
shipped to multiple laboratories, then an FXR is collected for each laboratory for that day.

• EB: Samples of high-purity deionized water that was pumped or washed through nondedicated
sampling equipment. EBs are used to monitor the effectiveness of equipment decontamination
procedures and to monitor for contamination associated with field sampling equipment. EBs are not
usually required for dedicated sampling equipment or disposable sampling equipment. The EB is
analyzed for all constituents of interest and is collected in the same type of sample bottles used to
collect groundwater samples.

• Field duplicate sample: Replicate samples sequentially collected to determine the precision of
sampling and the laboratory analytical measurement processes by comparing results with an identical
sample collected at the same time and location. Matching field duplicates are collected and stored in
separate containers and are analyzed as separate samples at the same laboratory.

• Split sample: Replicate samples are sequentially collected from the same location in the same
sampling event and analyzed at different laboratories. Split samples are used to evaluate
interlaboratory precision and comparability.

The FB (i.e., FTB, FXR, and EB) results are evaluated by comparison with the MDL or minimum 
detectable concentration (MDC) of the performing laboratory. If an FB result for a given analyte exceeds 
that analyte’s MDL or MDC and also exceeds 5% of the analyte’s value in an associated field sample, 
then the analyte’s result in the associated field sample is flagged as “Q.” Associated field samples are 
those samples collected on the same day for the same purpose (i.e., associated with the same sample 
authorization form) and are analyzed by the same method as the corresponding FB. The results of FBs are 
not flagged as “Q.” 
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Field duplicate sample results are evaluated only if at least one result is greater than the laboratory 
practical quantitation limit (PQL) (chemical analyses) or at least one result is five times the laboratory 
MDC (radiochemical analyses). Split sample results are evaluated only if at least one result is five times 
the larger of the laboratory MDL or MDC of the two analyzing laboratories. Field duplicate and field split 
samples that qualify are evaluated using the relative percent difference (RPD) between the duplicate or 
split sample pair. The RPD is a measure of precision and is calculated as shown in Equation E-1: 

RPD = | C1 - C2
(C1 + C2) / 2

| × 100 (Eq. E-1) 

where: 

C1 = parent sample analyte concentration or activity 

C2 = duplicate sample analyte concentration or activity. 

A perfect match between the parent sample and its duplicate yields an RPD of 0%. Results for field 
duplicate samples that exceed the RPD limit of 20% are flagged as “Q.” Only the two samples of the 
duplicate pair are considered to be associated samples. 

Total organic carbon (TOC) and total organic halides (TOX) are Resource Conservation and Recovery 
Act of 1976 (RCRA) indicator analytes; samples for these analytes are usually obtained in quadruplicate 
(40 CFR 265.92, “Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities,” “Sampling and Analysis”). For the purposes of this DUA, field 
quadruplicate sample results are evaluated for precision only if at least one result is at least five times the 
laboratory MDL. Field quadruplicate results that qualify are evaluated using the percent relative standard 
deviation (RSD) within the quadruplicate sample set. The percent RSD is a measure of precision and is 
calculated as shown in Equation E-2: 

%RSD = 
� 
∑ (n

i=1 Ci - 𝑪𝑪�)
2

(n - 1)

𝑪𝑪�
 × 100 (Eq. E-2) 

where: 

%RSD = percent relative standard deviation 

Ci = ith sample concentration 

C = average sample concentration 

n = number of results (usually four). 

A perfect match of results within a quadruplicate sample set yields an RSD of 0%. For any results in 
a qualifying quadruplicate dataset that were less than the laboratory MDL, MDLs were used to compute 
the percent RSD. Quadruplicate split sample results are evaluated only if at least one quadruplicate 
average is greater than or equal to five times the larger of the laboratory MDLs of the two analyzing 
laboratories. To determine the precision of a set of split quadruplicate samples, the RPD of the two 
averages for the quadruplicate split samples is determined and compared to 20%.  

https://elr.info/sites/default/files/docs/statutes/full/rcra.pdf
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.28.265&rgn=div5#se40.28.265_192
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E3.3 Laboratory Quality Control Sample Types 
Laboratory quality assurance/QC requirements govern nearly all aspects of analytical laboratory 
operation, including instrument procurement, maintenance, calibration, and operation. Laboratory 
requirements for internal QC checks are performed as appropriate for the analytical method at a rate of 
one QC check per sample batch2 (CPCC-00172). Laboratory internal QC checks usually include at least 
one check for laboratory contamination (method blank), a measure of analytical accuracy (e.g., laboratory 
control sample [LCS], matrix spike [MS], or surrogates), and a measure of analytical precision 
(e.g., duplicate sample, laboratory control sample duplicate [LCSD], or matrix spike duplicate [MSD]). 
These laboratory QC samples are included in sample preparation and analytical batches along with 
customer samples. An analytical batch typically consists of a maximum of 20 customer samples. 
The numbers and types of QC samples included in sample batches are dictated by the analytical method 
being used. Analytical methods usually use only a subset of the available types of QC samples. 
At a minimum, most sample preparation and analytical methods include a method blank, one of the 
duplicate types (e.g., sample duplicate), and one of the standard types (e.g., LCS). Laboratory QC checks, 
samples, and how they are evaluated are described as follows: 

• Laboratory contamination: Each analytical batch contains a laboratory method blank (typically
deionized water) carried through the complete analytical process. The method blank is used to
evaluate potential false-positive results in samples caused by contamination during
laboratory handling.

• Analytical accuracy: LCSs, MSs, and surrogates contain known amounts of analytes and provide
a measure of analytical process accuracy. Percent recovery is the metric used to determine analytical
accuracy. Percent recoveries consistently less than or greater than 100% may indicate a bias in the
analytical process. These standards are carried through the sample preparation and analysis process.

− LCS: Contains a known amount of representative analyte(s) of interest and closely matches the
matrix of the field samples. The LCS may be prepared from an independent standard or from the
same standard used for instrument calibration at a concentration within the calibration range.
The LCS is taken through all of the preparation and analysis steps used in the method. Depending
on how it is introduced into the analysis, the LCS is sometimes referred to as a blank
spike sample.

− MS: A known quantity of representative analytes of interest added to a separate aliquot of
a sample from the analytical batch. The known amount added is compared to the actual measured
amount to calculate the percent recovery. The MS percent recovery is used to evaluate analytical
accuracy and to determine any extent of matrix interferences.

− Surrogate: In addition to MS recovery, surrogate compounds are used to evaluate accuracy in
organic analyses. Surrogate compounds are organic compounds not typically found in
environmental samples but which behave chemically similar to organic analytes of interest during
sample preparation and analysis. Surrogate compounds are added to all the field samples and
batch QC samples, and the recovery is evaluated.

2 An analytical batch is usually defined in the statements of work for the environmental laboratory contracts as 
20 client samples. 

https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
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• Analytical precision: A laboratory sample duplicate, LCSD, MSD, or surrogate duplicate provides
a measure of the reproducibility of the analytical process. The RPD (Equation E-1) is the metric used
to determine reproducibility. These samples are carried through the sample preparation and
analysis process.

− Laboratory sample duplicate: A separate aliquot of a client sample is analyzed for each
analytical batch. The RPD is calculated between the original sample result and the duplicate
sample result to assess analytical precision. The RPD is usually determined between a sample and
its duplicate only if at least one result of the pair is greater than the PQL or at least five times the
laboratory MDC.

− MSD: May be used for assessing the precision of parameters (e.g., metals or organic). For
an MSD, a separate aliquot of the same client sample used to prepare the MS is spiked in the
same manner as the MS. The concentrations from the MS/MSD are used to calculate an RPD and
to assess precision.

− LCSD: May be used to assess method precision if too little sample volume is available for
a sample duplicate or MSD.

− Surrogate duplicates: Duplicates that occur when sample/sample duplicate, MS/MSD, or
LCS/LCSD pairs occur for organic analyses. The RPD is calculated between the concentrations
of the surrogate/surrogate duplicate pair to measure analytical precision.

In addition to these laboratory QC samples, radioanalytical methods often incorporate two additional 
QC types: 

• Tracer: A known quantity of radioactive isotope that is different from the target isotope but is
expected to be chemically similar to the target isotope. The tracer is generally added to an aliquot of
sample prior to the sample preparation step. Ideally, the tracer does not chemically interfere with the
target radioisotope during radiochemical preparation, separation, and counting. Sample results are
generally corrected based on tracer recovery. Tracers are added to all of the field samples and batch
QC samples, and the recovery is evaluated for analytical accuracy.

• Carriers: Carriers are typically nonradioactive (e.g., natural strontium, barium, or yttrium) elements.
Carriers are chemically similar to the target radionuclide during sample processing and are added to
samples to determine the overall chemical yield during analytical preparation steps. The yield of the
carrier can be determined gravimetrically or by means of one of the inductively coupled plasma (ICP)
methods. Carrier compounds are added to all of the field samples and batch QC samples, and the
recovery is evaluated for analytical accuracy.

E3.4 Qualification Flags 
When generating and evaluating environmental analytical data, any of several qualification flags may be 
assigned to an individual result. The HEIS database carries qualification flags applied from three sources: 
the laboratory (laboratory qualifier), a data reviewer (review qualifier), or a third-party data validator 
(validation qualifier). Table E-2 presents the laboratory-applied and the data reviewer-applied qualifier 
flags. For the 2021 routine groundwater monitoring dataset, third-party validation was not performed, and 
validation qualifiers were not applied to the dataset. 
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Table E-2. Data Qualification Flags 
Flag Definition 

Laboratory-Applied Flags 

> WETCHEM*: Result greater than quantifiable range or greater than upper limit of the analysis range. 

* INORGANICS: Duplicate analysis not within control limits. 

A ORGANICS: Valid for TICs only: The TIC is a suspected aldol-condensation product. 

B INORGANICS and WETCHEM: The analyte was detected at a value <RDL or PQL but ≥IDL/MDL (as 
appropriate).  
ORGANICS: The analyte was detected in both the associated QC blank and in the sample, and the blank 
concentration exceeded the customer’s contractual requirements. 
RADIONUCLIDES: The associated QC sample blank has a result ≥2× the MDA and, after corrections, 
result is ≥MDA for this sample. 

C INORGANICS and WETCHEM: The analyte was detected in both the sample and the associated QC 
method blank, and the blank concentration was >5% the sample concentration. 
ORGANICS (PESTICIDE only): The identification of a pesticide confirmed by GC/MS 

D All: Analyte was reported at a secondary dilution factor, typically DF>1 (i.e., the primary preparation 
required dilution to either bring the analyte within the calibration range or to minimize interference).  

E INORGANICS: Reported value is estimated because of interference. See comment on cover page, hardcopy 
case narrative, or specific inorganic hardcopy data sheet.  
ORGANICS - Concentration exceeds the calibration range of the GC/MS. 

J ORGANICS: Estimated value; constituent detected at <RDL or PQL and ≥MDL; estimated concentration 
of TICs.  

M INORGANICS: Duplicate precision criteria not met. 

N All (except GC/MS based analysis): Spike and/or spike duplicate sample recovery is outside control limits. 
ORGANICS (GC/MS only): Presumptive evidence of compound based on mass spectral library search. 

O All: LCS result is outside control limits 

P ORGANICS (PCB only): Aroclor target analyte with >25% difference between column analyses. 

Q ORGANICS (dioxins & PCB-congeners only): Estimated maximum concentration. Used if one of the 
qualitative identification criteria is not met (e.g., chlorine isotopic ratios outside the theoretical range.) 

S INORGANICS: Reported value determined by the MSA. 

T ORGANICS (GC/MS only): Spike and/or spike duplicate sample recovery is outside control limits. 

U All: The constituent was analyzed for and was not detected. 

X All: The result-specific translation of this qualifier code is provided in the data report and/or case narrative. 
Additional result-specific translation information may also be found in the RESULT COMMENT field in 
HEIS for this record. 

Y Same as X if more than one flag is required. 

Z Same as X and Y if more than two flags are required. 
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Table E-2. Data Qualification Flags 
Flag Definition 

Reviewer-Applied Flags 

A Indicates an issue with the chain-of-custody that could affect data usability. 

F Result is undergoing further review. (This review qualifier is assigned when an RDR is first processed.) 

G Record has been reviewed and determined to be correct, or the record has been corrected with laboratory 
confirmation or other supporting information. 

H Laboratory holding time exceeded before the sample was analyzed. 

P Potential problem. Collection/analysis circumstances make the result questionable. 

Q Associated QC sample is out of limits. 

R Do not use. Further review indicates the result is not valid. (This review qualifier is used only when there is 
documented evidence that the result is not valid. Generally, results that are “R” qualified will be excluded 
from statistical evaluations, maps, and other interpretations.)  

Y Result is suspect. Review had insufficient evidence to show the result as valid or invalid. 

Z Miscellaneous circumstance exists. Additional information may be found in the result comment field (in the 
HEIS result table) for this record and/or in the sample comment field in the HEIS sample table.  

Notes: Wetchem (or Wet Chemistry) is a group of analytical methods that are associated with “wet” chemical reactions. 
*The data user-applied flags are applied as part of the RDR process. “F” flags are typically resolved to “G,” “P,” “R,” or “Y”
flags during the request for data review process. 
DF = dilution factor 
GC/MS = gas chromatography/mass spectrometry 
HEIS = Hanford Environmental Information System 
IDL = instrument detection limit 
MDA = minimum detectable activity 
MDL = method detection limit 
MSA = method of standard additions  

PCB = polychlorinated biphenyl 
PQL = practical quantitation limit 
QC = quality control 
RDL = required detection limit 
RDR = request for data review 
TIC = tentatively identified compound 

The “Q” flag review qualifier is applied to the analytical results of those samples associated with field 
QC samples having analytical results that did not meet the QC criteria identified in CPCC-00172 and 
outlined in Table E-1. Section E3.2 defines the associated samples. 

E3.5 Laboratory Information and Analytical Methods 
Samples collected for the groundwater monitoring program were sent to six laboratories (described 
in Section E3.5.1) for analysis. Each sample is tracked by a unique HEIS number. Analytical requests for 
chemical and radiochemical services to be completed by the laboratories were documented on sample 
chain-of-custody forms. Analytical results provided by the laboratories were documented by sample 
delivery group in data packages. The analytical results were electronically uploaded and stored in the 
HEIS database. 

https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
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E3.5.1 Laboratory Information 
The samples collected for routine groundwater monitoring were analyzed at the following 
six laboratories: 

• ALS Laboratories (ALS) (Fort Collins, Colorado) provided sample analysis for chemical and
radiochemical constituents. ALS generated 17.6% of the analytical laboratory results.

• GEL Laboratories, LLC (GEL) (Charleston, South Carolina) provided sample analysis for chemical
and radiochemical constituents. GEL generated 62.3% of the analytical laboratory results.

• RJ Lee Group, Inc. (RJLee) (Pasco, Washington) provided sample analysis for chemical constituents.
RJLee generated 4.3% of the analytical laboratory results.

• TestAmerica–Denver (TADN) (Denver, Colorado) provided sample analysis for chemical
constituents. TADN generated 5.1% of the analytical laboratory results.

• TestAmerica–Knoxville (TAKN) (Knoxville, Tennessee) provided sample analysis for
polychlorodibenzo-p-dioxins and polychlorodibenzofurans. TAKN generated 1.1% of the analytical
laboratory results.

• TestAmerica–St. Louis (TASL) (St. Louis, Missouri) provided sample analysis for chemical and
some radiochemical constituents. TASL generated 9.5% of the analytical laboratory results.

Sections E4.2 and E4.3 discuss the analytical data provided by these laboratories. 

E3.5.2 Analytical Methods 
For the analysis of chemical constituents, the analyzing laboratories used standard methods from the 
U.S. Environmental Protection Agency (EPA), ASTM International (formerly American Society for 
Testing and Materials), and the American Public Health Association. For radiological constituents, the 
analyzing laboratories used methods that are recognized as acceptable within the radiochemical industry. 

Samples were analyzed using the methods listed in Table E-3. Both single- and multiple-component 
EPA analytical methods were used (SW-846, Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods [current update]). Single-component analytical methods such as EPA 
Method 9012 for cyanide or EPA Method 7470 for mercury yield a single analytical result per analysis. 
Multi-component analytical methods (e.g., EPA Method 6020 for inductively coupled plasma/mass 
spectrometry [ICP/MS] metals or EPA Method 8260 for gas chromatography/mass spectrometry 
[GC/MS] for VOCs) yield results for multiple analytes per analysis. Multi-component methods may 
generate results for both target and nontarget analytes. 

Table E-3. Laboratory Analytical Methods 
Parameter Laboratory Analytical Methoda Source 

General Chemical Parameters 

Alkalinity Standard Method 2320 Standard methodsb 

Oil and grease EPA Method 1664A EPAc 

Total dissolved solids EPA Method 160.1 EPAd 

Total dissolved solids Standard Method 2540C Standard methodsb 

https://www.epa.gov/hw-sw846
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Table E-3. Laboratory Analytical Methods 
Parameter Laboratory Analytical Methoda Source 

Total organic carbon EPA Method 9060 EPAe 

Total organic halides EPA Method 9020 EPAe 

Ammonia and Anions 

Ammonium by colorimetry EPA Method 350.1 EPAd 

Anions by IC EPA Method 300.0 EPAf 

Nitrate-Nitrite (as N) EPA Method 353.2 EPAd 

Anions by IC EPA Method 9056 EPAe 

Cyanide EPA Method 9012 EPAe 

Cyanide (free) EPA Method 9014 EPAe 

Sulfide Standard Method 4500D Standard methodsb 

Metals 

Hexavalent chromium EPA Method 7196 EPAe 

Mercury EPA Method 7470 EPAe 

Metals by ICP/AES EPA Method 6010 EPAe 

Metals by ICP/MS EPA Method 6020 EPAe 

Volatile Organic Compounds 

Total petroleum hydrocarbons–gasoline NWTPH-Gx Ecologyg 

Nonhalogenated organic compounds by GC EPA Method 8015 EPAe 

Volatile organic compounds by GC/MS EPA Method 8260 EPAe 

Semivolatile Organic Compounds 

Chlorinated herbicides by GC EPA Method 8151 EPAe 

Dioxins by GC/MS EPA Method 8290 EPAe 

Organochlorine pesticides by GC EPA Method 8081 EPAe 

Polychlorinated biphenyls by GC EPA Method 8082 EPAe 

Semivolatile organic compounds by GC/MS EPA Method 8270 EPAe 

Total petroleum hydrocarbons–diesel, –kerosene, –
motor oil (high boiling) NWTPH-Dx Ecologyg 

Extractable petroleum hydrocarbons by GC/FID 
(aliphatic and aromatic hydrocarbon fractions) EPH Ecologyg 

Radiological Parameters 

Americium-curium isotopes AEA Laboratory-specific 

Carbon-14 LSC Laboratory-specific 

Chlorine-36 GPC Laboratory-specific 

Gamma-emitting isotopes Gamma energy analysis Laboratory-specific 
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Table E-3. Laboratory Analytical Methods 
Parameter Laboratory Analytical Methoda Source 

Gross alpha/beta GPC Laboratory-specific 

Gross alpha GPC Laboratory-specific 

Gross beta GPC Laboratory-specific 

Iodine-129 LEPS-GS Laboratory-specific 

Iodine-129 LSC Laboratory-specific 

Neptunium-237 AEA Laboratory-specific 

Plutonium isotopes AEA Laboratory-specific 

Plutonium-241 LSC Laboratory-specific 

Radium-226 Lucas cell EPA Method 903.1h

Radium-228 GPC Laboratory-specific 

Selenium-79 LSC Laboratory-specific 

Strontium-90 GPC Laboratory-specific 

Technetium-99 LSC Laboratory-specific 

Thorium isotopes AEA Laboratory-specific 

Tritium LSC Laboratory-specific 

Uranium isotopes AEA Laboratory-specific 

a. Does not include field methods used during sampling.
b. APHA/AWWA/WEF, Standard Methods for the Examination of Water and Wastewater (current revision).
c. EPA-821-R-98-002, Method 1664, Revision A: N-Hexane Extractable Material (HEM; Oil and Grease) and Silica Gel
Treated N-Hexane Extractable Material (SGT-HEM; Non-polar Material) by Extraction and Gravimetry.
d. EPA/600/4-79-020, Methods for Chemical Analysis of Water and Wastes.
e. SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods (current update). 
f. EPA/600/R-93/100, Methods for the Determination of Inorganic Substances in Environmental Samples.
g. Ecology Publication No. ECY 97-602, Analytical Methods for Petroleum Hydrocarbons. 
h. EPA/600/R-17/356, Selected Analytical Methods for Environmental Remediation and Recovery (SAM) 2017.

AEA = alpha energy analysis 
Ecology = Washington State Department of Ecology 
EPA = U.S. Environmental Protection Agency  
EPH = extractable petroleum hydrocarbons 
GC = gas chromatography 
GC/FID = gas chromatography/flame ionization detector 
GC/MS = gas chromatography/mass spectrometry 
GPC = gas proportional counting 
GS = gamma spectroscopy 

IC = ion chromatography 
ICP/AES = inductively coupled plasma/atomic 

emission spectroscopy 
ICP/MS = inductively coupled plasma/mass 

spectrometry 
LEPS = low-energy photon spectroscopy 
LSC = liquid scintillation counting 
NWTPH = Northwest total petroleum hydrocarbons 

https://www.epa.gov/sites/production/files/2015-08/documents/method_1664a_1999.pdf
https://pdw.hanford.gov/document/D196019611
https://www.epa.gov/hw-sw846
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=30002U3P.TXT
https://fortress.wa.gov/ecy/publications/documents/97602.pdf
https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=339252
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E4 Data Verification 
As noted in Section E2.1, data verification is the process of evaluating the completeness, correctness, 
conformance, and compliance of a specific dataset against the method, procedural, or contractual 
requirements as specified in CPCC-00172. The evaluation is documented in this section and further 
summarized in Section E6.1. Verification is performed for field QC samples (Section E4.2) and 
laboratory QC samples (Section E4.3). 

E4.1 Completeness 
For this DUA, there are three different evaluation criteria used to evaluate the completeness of the dataset. 
These evaluation criteria are listed below and are discussed in the subsequent sections: 

• Percentage of successful sampling events during 2021 versus the number of planned sampling events
• Percentage of field QC samples collected versus the number of QC samples required
• Percentage of the dataset that meets quality criteria

E4.1.1 Percentage of Successful Sampling Events
For 2021, a total of 2,733 groundwater sampling events were planned. There were 2,601 sampling events 
successfully executed for an overall sampling event completion rate of 95.2%. Of the successful events, 
31 sampling events originally scheduled for 2020 were performed in 2021 to support groundwater data 
collection needs. The 2,601 well trips listed in Table E-4 reflect the 2021 sampling events that resulted in 
groundwater monitoring field and laboratory data appearing in the HEIS “RESULT” table as of 
February 7, 2022 (when the data were obtained from the HEIS database). Sources sampled included 
wells, aquifer tubes, and springs. 

Completeness is also evaluated for the specific requirements of individual sampling and analysis plans for 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
groundwater operable units; RCRA dangerous waste management units; and other programs. However, 
describing deviations from these specific sampling requirements in 2021 is outside the scope of this 
DUA. The specific sampling requirement deviations are discussed in Chapters 2 through 12 and in 
Appendices A, B, and C of this annual report. 

E4.1.2 Percentage of Field Quality Control Samples Collected 
The types and collection frequencies of field QC samples for the groundwater monitoring program are 
provided in CPCC-00172. The collection of quadruplicate samples at RCRA sites for TOC and TOX is 
mandated by 40 CFR 265.92. In 2021, 217 TOC and 199 TOX quadruplicate sample sets were collected. 
For the quadruplicate samples, 57 QC sample sets were collected for TOC and 30 for TOX. Section E4.2 
provides a more complete discussion of field QC samples. Table E-4 summarizes the QC types, the 
required collection frequencies, and the actual collection frequencies. The table indicates that the 
requirements were met during 2021 for the minimum collection frequencies for groundwater monitoring 
field QC samples. 

https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://elr.info/sites/default/files/docs/statutes/full/rcra.pdf
https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
https://elr.info/sites/default/files/docs/statutes/full/rcra.pdf
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.28.265&rgn=div5#se40.28.265_192
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Table E-4. Field QC Samples 

Field QC 
Sample Type 

Number of 
Sampling Tripsa 

Number of QC Sample 
Sets Collectedb 

Frequency 

Requiredc Actuald 

Full trip blanks 2,601 145 5% 5.6% 

Field transfer blanks 251e 246 100% 98.0% 

Equipment blanks 86f 81 10%g 94.2% 

Field duplicates 2,601 145h 5% 5.6% 

Field split samples 2,601 45i As needed 1.7% 

a. Sampling trips include trips to wells, aquifer tubes, and springs. Sampling trips are counted only if they are
associated with routine groundwater monitoring results in the Hanford Environmental Information System
database “RESULT” table. The number of sampling trips listed is applicable to the field QC sample type and is
explained in the following footnotes.
b. Values listed include only field blanks, field duplicates, and field split sample sets collected for routine
groundwater monitoring sampling events. A QC sample set consists of all the QC samples of a particular
QC sample type (e.g., full trip blanks or field duplicates) for a given well trip and may contain multiple
sample numbers. 
c. Required frequency is from CPCC-00172, Environmental Quality Assurance Program Plan. 
d. Actual frequency = 100 × number of QC sample sets ÷ number of sampling trips.
e. For each day that VOC samples are collected, one field transfer blank is required for each laboratory receiving 
that day’s VOC samples. Multiple field transfer blanks may be required each day that VOC samples are collected
if these samples are to be shipped to more than one laboratory for analysis. 
f. Number of planned sampling events for which nondedicated sampling equipment was used.
g. The 10% frequency is for routinely used, nondedicated sampling equipment. For new types of nondedicated
sampling equipment, the equipment blank frequency is 100% until the decontamination procedure for the new
equipment is shown to produce acceptable equipment blank results. 
h. Number of field duplicate sample sets collected. 
i. Number of field split sample sets collected. 

QC  = quality control VOC = volatile organic compound 

To determine the collection frequency for EBs, the only nondedicated sampling equipment currently 
tracked in the HEIS database are bailer samplers, Kabisä samplers, and portable Grundfosâ pumps. 
Nondedicated sampling manifolds are also used to collect some groundwater samples but are not 
tracked in the HEIS database. Consequently, the number of well trips for EBs reported in Table E-4 
underestimates the actual number of well trips that use nondedicated sampling equipment. Until the use 
of nondedicated sampling manifolds is tracked, a more accurate estimate of the actual sampling frequency 
for EBs is not available. 

E4.1.3 Percentage of Data with Quality Issues 
This section provides an overview of data with potential quality issues. Subsequent sections provide 
detailed information regarding data compliance with quality requirements.  

 Kabis is a trademark of Sibak Industries, Solana Beach, California. 
 Grundfos is a registered trademark of Grundfos Holding, Bjerringbro, Denmark. 

https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
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For routine groundwater monitoring samples collected during 2021, Table E-5 summarizes the percentage 
of groundwater monitoring data with potential quality issues. Overall, 97.4% of the results have no 
identified quality issues. This percentage is well above the data completeness goal of 85.0% specified in 
DOE/RL-91-50 and indicates that most of the data collected for the groundwater monitoring program do 
not have identified quality issues. 

E4.1.4 Sample Preservation and Holding Times 
Sample preservation and holding times are designed to ensure the analytical results generated from 
a sample are representative of the sample source. Sample preservation is any method used to ensure the 
analyte of interest is not altered between the time the sample is acquired and the time the sample is 
analyzed. Sample preservation includes selecting the correct sample container material (e.g., plastic or 
glass) and may include cooling the sample to ≤6°C (43°F), adjusting the sample pH with acids or bases, 
or adding other chemicals (e.g., sodium bisulfite) to prevent oxidation of the analytes of interest. 
Typically, any preservation chemicals are added to the sample container during container preparation, 
prior to taking the container to the sample site. 

Holding times are defined as the time from sample collection or sample extraction to sample analysis. 
An extraction holding time is the time from sample collection to sample extraction. Holding times are 
calculated from the date of sample collection as recorded on the sample chain of custody. Analytes that 
may change quickly over time (e.g., coliform bacteria or hexavalent chromium [Cr(VI)]) have short 
holding times, while other analytes such as acid-preserved metals and radionuclides have much longer 
holding times. 

Table E-6 lists the sample preservation and holding-time requirements for the groundwater monitoring 
program. Upon receipt of a groundwater sample set, the analyzing laboratory inspects the contents of the 
sample set container (usually an ice chest) to ensure that the samples received reflect those listed on the 
accompanying chain-of-custody forms. During the receipt inspection, the samples are usually checked for 
any anomalies (e.g., missing samples, broken sample bottles, or absent tamper tape). The as-received 
sample temperature is also usually checked. Samples that are received immediately from the field will not 
have had time to cool to a preservation temperature ≤6°C (43°F); in this instance, the as-received 
condition of the samples is noted, and normal processing of the samples for analysis proceeds. 

Either at the time of receipt or immediately before sample preparation and analysis, the pH of samples 
that require pH adjustment is checked to ensure that the sample was properly preserved. If the pH is not 
correct for the sample type (e.g., pH is >2 for ICP metals or is <12 for cyanide samples), then the 
laboratory notes the anomaly and may adjust the sample pH. Any anomalies noted during sample receipt 
or with sample preservation are reported to the Soil and Groundwater Organization (SGO) via sample 
issue resolution requests. If SGO does not deem the anomaly will affect the sample results, the laboratory 
is instructed to proceed with the analysis. SGO may decide the anomaly (e.g., a cyanide sample with pH 
<12) could jeopardize the integrity of the sample results; in this instance, the laboratory will be instructed 
to cancel the sample analysis. 

https://www.hanford.gov/files.cfm/2018_EMP_estars.pdf
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Table E-5. Data Quality Issues Summarized by Analyte Class 

Analyte Class Total Resultsa
Total Flags 
Appliedb

Percent 
Flagged 

Results 
in 

Review 
(F)c

Suspect 
Results 

(Y)c

Rejected 
Results 

(R)c

Field QC 
Flags 
(Q)c

Missed 
Holding 

Time 
(H)c

Method Blank 
Qualifiers 

(BC)d 

General chemistry parameterse 4,267 80 1.9 1 55 7 1 15 1 

NH3/anions 11,494 360 3.1 1 23 7 1 289 39 

Metals 74,837 2,524 3.4 0 363 462 642 289 768 

Volatile organic compounds 39,653 1,218 3.1 2 11 90 139 800 176 

Semivolatile organic compounds 68,526 1,031 1.5 0 2 0 196 252 581 

Radiochemical parameters 7,813 104 1.3 3 5 26 6 0 64 

Total 206,590 5,317 2.6 7 459 592 985 1,645 1,629 

a. Groundwater monitoring results were obtained from the Hanford Environmental Information System database on February 7, 2022, and include both field and
laboratory results. 
b. Several results were flagged with multiple qualifiers (e.g., both review and laboratory qualifiers) identified in this table. Each qualifier assigned was counted independently.
c. Review qualifiers “F,” “Y,” “R,” “Q,” and “H” are defined in Table E-2.
d. Laboratory qualifiers “B” and “C” are defined in Table E-2.
e. Includes both laboratory generated general chemistry results and field sampling parameter results.
QC = quality control 
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Table E-6. Groundwater Sample Container, Preservative, and Holding-Time Requirements 

Parameter Preservative 
Holding 

Time Source 

General Chemical Parameters 

Alkalinity Cool to ≤6°C 14 days 40 CFR 136, Table II 

Oil and grease/hexane 
extractable material 

Cool to ≤6 °C; 
HCl or H2SO4 

to pH <2 
28 days 

SW-846, Table 3-2 

Total dissolved solids Cool to ≤6°C 7 days APHA/AWWA/WEF (current 
revision), Standard Method 2540c 

Total organic carbon Cool to ≤6°C; 
HCl or H2SO4to pH <2 28 days 40 CFR 136, Table II; SW-846, 

Table 3-2 

Total organic halides Cool to ≤6°C; H2SO4 to pH <2 28 days SW-846, Method 9020B 

Ammonia and Anions 

Ammonia Cool to ≤6°C;  
H2SO4 to pH <2 28 days 40 CFR 136, Table II 

Cyanide (total and free) Cool to ≤6°C;  
NaOH to pH >12 14 days SW-846, Table 3-2 

Bromide, chloride, 
fluoride, and sulfate 
Nitrate+Nitrite 

Cool to ≤6°C 28 days 
40 CFR 136, Table II; SW-846, 
Tables 2-40(B) and 3-2 

Nitrate, nitrite, phosphate Cool to ≤6°C 48 hours 40 CFR 136, Table II; SW-846, 
Tables 2-40(B) and 3-2 

Sulfide Cool to ≤6°C;  
zinc acetate and NaOH to pH >9 7 days 40 CFR 136, Table II; SW-846, 

Tables 2-40(B) and 3-2 

Metals 

Hexavalent chromium Cool to ≤6 °C 24 hours SW-846, Tables 2-40(B) and 3-2 

Mercury HNO3 to pH <2 28 days SW-846, Tables 2-40(B) and 3-2 

All other metals HNO3 to pH <2 6 months SW-846, Tables 2-40(B) and 3-2 

Volatile Organic Compounds 

Total petroleum 
hydrocarbons-gasoline Cool to ≤6°C; 

HCl to pH <2 

14 days 
preserved 

7 days 
unpreserved 

Ecology Publication No. ECY97-
602 

Volatile organic 
compounds Cool to ≤6 °C;  

HCl or H2SO4 to pH <2 

14 days 
preserved 

7 days 
unpreserved 

SW-846, Table 4-1 
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Table E-6. Groundwater Sample Container, Preservative, and Holding-Time Requirements 

Parameter Preservative 
Holding 

Time Source 

Semivolatile Organic Compounds 

Semivolatile organic 
compounds Cool to ≤6°C 

7 days before 
extraction, 

40 days after 
extraction 

SW-846, Table 4-1 

Pesticides and herbicides 

Cool to ≤6°C 

7 days before 
extraction, 

40 days after 
extraction 

SW-846, Table 4-1 

Polychlorinated biphenyls 

Cool to ≤6°C 

1 year before 
extraction, 

40 days after 
extraction 

40 CFR 136, Table II; SW-846, 
Method 8082A 

Polychlorodibenzo-p-
dioxins, 
polychlorodibenzo-furans Cool to ≤6°C 

30 days before 
extraction, 

45 days after 
extraction 

SW-846, Method 8290 

Extractable petroleum 
hydrocarbons by GC 
(aliphatic and aromatic 
hydrocarbon fractions) 

Cool to ≤6°C; 
HCl to pH <2 

14 days before 
extraction, 

40 days after 
extraction 

Ecology Publication 
No. ECY97-602 

Total petroleum 
hydrocarbons-diesel, 
-kerosene, -motor oil (high
boiling)

Cool to ≤6°C; 
HCl to pH <2 

14 days before 
extraction, 

40 days after 
extraction 

Ecology Publication 
No. ECY97-602*

Radiological Parameters 

Americium isotopics, 
gamma spectroscopy 
radionuclides, plutonium 
isotopics, radium 
isotopics, strontium-90, 
uranium isotopics, 
selenium-79, and 
technetium-99 

HNO3 to pH <2 6 months 

DOE/RL-96-68, Vol. 2, 
Appendix A; laboratory procedure 

Carbon-14, tritium None 6 months DOE/RL-96-68, Vol. 2, 
Appendix A; laboratory procedure 

Chlorine-36 None 6 months DOE/RL-96-68, Vol. 2, 
Appendix A; laboratory procedure 

Gross alpha, gross beta HNO3 to pH <2 6 months SW-846, Table 2-40(B) 
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Table E-6. Groundwater Sample Container, Preservative, and Holding-Time Requirements 

Parameter Preservative 
Holding 

Time Source 

Iodine-129 None 6 months DOE/RL-96-68, Vol. 2, 
Appendix A; laboratory procedure 

References: 40 CFR 136, “Guidelines Establishing Test Procedures for the Analysis of Pollutants.” 
APHA/AWWA/WEF, Standard Methods for the Examination of Water and Wastewater (current revision). 
CPCC-00172, Environmental Quality Assurance Program Plan, Rev. 16. 
DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document, Volume 2: Sampling 
Technical Requirements. 
Ecology Publication No. ECY 97-602, Analytical Methods for Petroleum Hydrocarbons. 
SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods (current update). 
*By analogy with semivolatile organic compounds (Table 4-1 in SW-846; Table B-6 in Appendix B of CPCC-00172).

E4.1.4.1 Sample Preservation 
Of the 13,762 routine groundwater monitoring laboratory samples acquired during 2021, 34 were 
associated with sample preservation issues for a success rate of 99.8%. This indicates that incorrect 
sample preservation is not a major issue for the groundwater monitoring program.  

E4.1.4.2 Holding Times 
Of the 206,590 groundwater monitoring laboratory results reported during 2021, a total of 
1,872 analytical results (0.9%) were affected by missed holding times. Most of the samples with missed 
holding times were analyzed within two times the holding time. Groundwater project scientists and SGO 
project coordinators deemed that these results were acceptable for the groundwater monitoring program. 

For the short holding-time analytes Cr(VI) and the ion chromatography (IC) anions nitrate, nitrite, and 
phosphate shipped to nonlocal contract laboratories for analysis, SGO personnel instructed laboratories to 
submit sample issue resolution forms for those analytes only when they were analyzed outside two times 
of the holding-time requirement. Consequently, not all results with missed holding times are documented 
via the sample issue resolution process. All missed holding times were still to be noted in the case 
narratives of the laboratory analytical reports. All sample results associated with missed holding times 
were qualified with an “H” flag. 

In 2021 approximately 25% of the Cr(VI) and anion results were reported by nonlocal laboratories. 
These laboratories agreed to give first priority to the short hold-time analyses, but due to the shipping 
times involved, it was anticipated and observed that more holding times would be missed for Cr(VI) 
(24-hour hold time) and nitrate/nitrite (48-hour hold time). Cr(VI), which has the shortest holding time 
and the greatest number of exceedances, has been observed to be stable in Hanford Site groundwater over 
an extended period (up to 6 months in one study [Section 2.4.1.1 in DOE/RL-2019-77, KW Soil Flushing 
Treatability Test Report]); therefore, the missed holding time is not expected to have a significant impact 
on the results. For nitrate/nitrite, the concern is conversion of nitrite to nitrate. It should be noted that the 
holding time for the combined nitrate/nitrite analysis is 28 days. Given the relatively small nitrite 
concentrations compared to the nitrate values in most Hanford Site groundwater samples and the 
relatively few missed holding times for anions, the data impacts from these missed holding times are 
minimal. A local laboratory was contracted in 2020 as a local resource for Cr(VI) and anion analyses. 
The laboratory could not initially support the total volume of samples collected; therefore, a portion of the 
samples were still shipped out of state. After the initial capacity issues, the laboratory added 
instrumentation capability negating the need to ship the short hold time samples. 

https://www.ecfr.gov/cgi-bin/text-idx?SID=d8586dec9fcdd0e43149449aa52e8fcb&mc=true&node=pt40.25.136&rgn=div5
https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
http://www.hanford.gov/files.cfm/DOE-RL-96-68-VOL2-04.pdf
https://fortress.wa.gov/ecy/publications/documents/97602.pdf
https://www.epa.gov/hw-sw846
https://www.epa.gov/hw-sw846
https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-17629
https://pdw.hanford.gov/document/AR-05064
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Examples of the holding-time issues include the following: 

• Late sample delivery: This issue covers delivery of a sample with insufficient or no time left to
complete the analysis before the holding time expired.

• Laboratory failure to observe holding time: This issue covers missed holding times caused by the
laboratory failing to observe the analyte holding time before analyzing the sample with acceptable
batch QC.

• Instrument failure/diverted to other laboratory: This issue covers missed holding times caused by
an instrument malfunction with subsequent diversion of the affected samples to another laboratory.

• Instrument failure: This issue covers missed holding times caused by an instrument malfunction.

E4.2 Field Quality Control 
This section discusses the 2021 groundwater monitoring field QC data that did not meet the QC 
acceptance criteria listed in Table E-1. Section E3.2 discusses the types of field QC samples that are 
evaluated in this section. 

E4.2.1 Field Blanks 
The FBs are used to assess potential contamination associated with sampling and laboratory activities. 
Analytical results for the FBs are assessed against the acceptance limits listed in Table E-1. Overall, the 
percentage of acceptable FB results evaluated during this reporting period was 95.7%. This percentage 
indicates minimal problems with contamination during sampling and analysis. 

The FB results greater than the acceptance criterion of the MDL or MDC are identified as suspected 
contamination. For the common laboratory contaminants 2-butanone, acetone, methylene chloride, 
toluene, and phthalate esters, the limit is five times the MDL. If an FB exhibits suspected contamination 
for an analyte and the FB result is at least 5% of an associated sample’s analyte result, then the associated 
sample result is flagged as “Q” in the HEIS database to indicate a potential contamination issue. 
Table E-7 summarizes the numbers of FBs acquired during 2021. Table E-8 provides a statistical 
summary by analyte class for the 2021 FB results. The remainder of the FB discussion in this section 
provides additional context for the information presented in Tables E-7 and E-8. 

Table E-7. Field Blank Numbers by Blank Type 

Field Blank Type 
Number of 
Blank Sets 

Number of 
Blank Samples 

Number of 
Blank Results 

Equipment blank 81 369 4,649 

Full trip blank 145 750 12,419 

Field transfer blank 246 264 5,308 

Total 472 1,383 22,376 



DOE/RL-2021-51, REV. 0 

E-25

Table E-8. Field Blank Summary Statistics by Analyte Class 

Analyte 
Class 

Number of 
Blank Results 

Number of Blank 
Results Outside 

QC Limits 

Percent of Blank 
Results Outside 

QC Limits 

General chemical parameters 409 81 19.8 

NH3/anions 933 58 6.2 

Metals 6,435 491 7.6 

Volatile organic compounds 8,197 137 1.7 

Semivolatile organic compounds 5,737 164 2.9 

Radiochemical parameters 665 0 0 

Total 22,376 931 4.2 

QC = quality control 

Additional information for the 2021 groundwater FBs by analyte class is as follows: 

• General chemical parameters: The 409 general chemical parameter FB results yielded 81 results
(19.8%) that were outside QC limits, mostly for TOX. The TOX detections in the FBs are related to a
known methylene chloride issue in the deionized water used to make the blanks (see discussion under
VOCs). A review of field sample results compared to the blank sample results shows that this issue is
isolated to the blank water and does not impact sample quality.

• Ammonia/anions: Of the 933 ammonia/anion FB results, 58 results (6.2%) were outside QC limits.
Out-of-limit results included 27 results for chloride, 3 results for nitrate, 8 results for phosphate,
1 result for sulfate, 8 results for cyanide, 3 results for free cyanide, and 8 results for ammonia.

• Metals: Of the 6,435 FB metals results for 2021, 491 results (7.6%) were outside QC limits. Most of
the exceedances were for the ICP/atomic emission spectrometry and ICP/MS metals: iron (65 results),
vanadium (60 results), zinc (45 results), chromium (47 results), copper (30 results), molybdenum
(22 results), antimony (22 results), aluminum (21 results), zinc (19 results), manganese (16), and lead
(11 results). The remaining 133 out-of-limit results were scattered among 21 other metals, and each
individual constituent had fewer than 11 results outside QC limits.

• VOCs: The 2021 groundwater monitoring FBs yielded 8,197 VOC results. Of these, 137 results
(1.7%) exceeded limits and included 129 methylene chloride detections that ranged from 0.21 to
91.3 µg/L. During 2012, a study of VOC contamination in groundwater FBs determined that the
deionized water used to generate the FBs is the most likely source of the methylene chloride and, to
a lesser extent, carbon tetrachloride and chloroform found in the FBs (SGW-52194, Volatile Organic
Compound Contamination in Groundwater Samples and Field Blanks). Installing additional charcoal
filtering to the deionized water supply to decrease the occurrence of spurious organic compounds in
groundwater monitoring FBs was completed during 2016. Continued monitoring since this corrective
action was implemented indicates that charcoal filtering is ineffective at reducing the presence of
organic compounds in the FBs. No additional corrective actions are planned at this time.
The remaining VOC analytes with out-of-limit results were 2-propanol (1 result at 1.75 µg/L) and
acetone (7 results; 3.25 to 17.8 µg/L).

https://pdw.hanford.gov/document/0091690
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• Semivolatile organic compounds (SVOCs): Of the 5,737 SVOC FB results, 164 (2.9%) were
outside QC limits. All exceedances were for dioxins including Octachlorodibenzo-p-dioxin
(26 results), hexachlorodibenzo-p-dioxin (19 results), octachlorodibenzofuran (19 results),
1,2,3,4,7,8-hexachlorodibenzo-p-dioxin (14 results), 1,2,3,4,6,7,8-heptachlorodibenzofuran
(12 results), tetrachlorodibenzofurans (11 results), and heptachlorodibenzofurans (results).
The remaining 52 out-of-limit results were reported for 11 other dioxins with each analyte having
fewer than 11 results outside QC limits.

• Radiochemical parameters: Of the 665 radiochemical FB results, none were outside QC limits.

E4.2.2 Field Duplicate Samples
Field duplicate samples are replicate groundwater samples sent to the same laboratory and are used to 
assess field sampling and laboratory measurement precision. In accordance with Table E-1, the results of 
field duplicates must have a precision ≤20%, as measured by the RPD (Equation E-1). Field duplicates 
with at least one result greater than the PQL or greater than the MDC were evaluated. The majority 
(81.1%) of duplicate results with an RPD >20% are flagged as “Q” in the HEIS database “RESULT” 
table to indicate potential precision issues.  

For 2021, 145 field duplicate sets were collected. For these 145 field duplicate sets, 708 sample duplicate 
pairs were acquired. The 708 sample pairs yielded 11,949 pairs of results, of which 2,301 result pairs 
(19.3%) met the evaluation criterion and for which RPDs were calculated. Of the 2,301 calculated RPDs, 
a total of 2,227 (96.8%) met the RPD acceptance criterion, indicating reasonable field sampling 
and intralaboratory precision. The 11,949 result pairs also produced 9,607 nondetect results pairs (80.4%) 
(i.e., both results in the pair were less than the MDL). While the nondetect results cannot be evaluated in 
the same manner as the detected results, nondetect result pairs indicate agreement between the two 
results. Table E-9 presents the summary statistics by analyte class for the 2021 field duplicates. 

Table E-9. Field Duplicate Summary Statistics by Analyte Class 

Analyte 
Class 

Number 
Duplicate 

Result 
Pairs 

Number of 
Nondetectsa 

Percent of 
Nondetects 

Number of 
RPDs 

Calculatedb 
Percent 

Calculated 

Number 
of RPDs 
Outside 

QC 
Limitsc, d 

Percent 
of RPDs 
Outside 

QC 
Limits 

General 
chemical 
parameters 

129 47 36.4 82 63.6 2 2.4 

NH3/anions 606 196 32.3 410 67.7 6 1.5 

Metals 4,333 2,687 62.0 1,630 37.6 50 3.1 

Volatile 
organic 
compounds 

2,013 1,970 97.9 42 2.1 0.0 

Semivolatile 
organic 
compounds 

4,385 4,348 99.2 13 0.3 1 7.7 

Radiochemical 
parameters 483 359 74.3 124 25.7 15 12.1 

Total 11,949 9,607 80.4 2,301 19.3 74 3.2 
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Table E-9. Field Duplicate Summary Statistics by Analyte Class 

Analyte 
Class 

Number 
Duplicate 

Result 
Pairs 

Number of 
Nondetectsa 

Percent of 
Nondetects 

Number of 
RPDs 

Calculatedb 
Percent 

Calculated 

Number 
of RPDs 
Outside 

QC 
Limitsc, d 

Percent 
of RPDs 
Outside 

QC 
Limits 

a. Number of pairs of results where both results were less than the MDL or MDC.
b. Duplicates with at least one result >PQL or >5 times the MDC were evaluated.
c. Duplicate control limit is an RPD ≤20%. 
d. In cases where a nondetected result was compared with a measured value, the MDL or MDC was used for the
nondetected result. 

MDC = minimum detectable concentration 
MDL = method detection limit 
PQL = practical quantitation limit 
QC = quality control 
RPD = relative percent difference 

Additional information for the 2021 groundwater field duplicates by analyte class is as follows: 

• General chemical parameters: The general chemical parameters had 129 field duplicate result pairs,
of which 47 pairs (36.4%) were nondetects and 82 pairs (63.6%) met the evaluation criterion. Two
duplicate sample pairs (2.4%), one for alkalinity and one for TOC, had out-of-limit RPDs.

• Ammonia/anions: Ammonia and anions had 606 field duplicate result pairs, of which 196 pairs
(32.3%) were nondetects and 410 pairs (67.7%) met the evaluation criterion. Of these duplicate pairs,
six (1.5%) exceeded the RPD criterion. The constituents with out-of-limit RPD results were ammonia
(one result pair), cyanide (one result pair), free cyanide (two result pairs), fluoride (one result pair),
and nitrite (one result pair).

• Metals: Metals had 4,333 field duplicate result pairs, of which 2,687 pairs (62.0%) were nondetects
and 1,630 pairs (37.6%) met the evaluation criterion. Of the 1,630 data pairs, 50 pairs (3.1%)
exceeded the RPD criterion. The out-of-limit RPD results were scattered over the ICP and ICP/MS
metals, including aluminum (three results), antimony (two results), arsenic (one result), chromium
(six results), cobalt (one result), copper (seven results), iron (five results), lead (two results),
manganese (three results), molybdenum (four results), nickel (seven results), selenium (one result),
thorium (one result), uranium (one result), vanadium (three results), and zinc (two results), as well as
one result for Cr(VI) analysis.

Historically, many of the out-of-limit duplicates for metals have been attributed to unfiltered samples
in which heterogeneous distribution of suspended solids in the samples tends to cause discrepancies
between result pairs. For 2021, 74.2% of the duplicate result failures for metals occurred in unfiltered
samples; these failures may reflect the effect of suspended solids on the metals results. Failures
among the filtered samples may indicate possible sample swaps either in the field or laboratory,
a sample contamination event that affected only one of the duplicate pairs, a dilution error during
sample preparation, or natural variability between duplicate samples.
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• VOCs: The VOCs had 2,013 field duplicate result pairs, of which 1,970 pairs (97.9%) were
nondetects and 42 pairs (2.1%) met the evaluation criterion. Of the 42 pairs evaluated, none failed to
meet the RPD criterion.

• SVOCs: The SVOCs had 4,385 field duplicate result pairs, of which 4,348 pairs (99.2%) were
nondetects and 13 pairs (0.3%) met the evaluation criterion. Of the 13 pairs, 1 (7.7%) exceeded
the RPD criterion. The one out-of-limit RPD result pair was for total petroleum hydrocarbons
(TPH)-motor oil.

• Radiochemical parameters: For the radiochemical parameters, 483 field duplicate result pairs
yielded 359 nondetect pairs (74.3%) and 124 result pairs (25.7%) that met the evaluation criterion.
Of these duplicate pairs, 15 (12.1%) exceeded the RPD criterion. The 15 out-of-limit RPD results
were scattered among 10 different radiochemical parameters and included gross alpha (one result),
gross beta (four results), carbon-14 (two results), iodine-129 (one result), strontium-90 (one result),
technetium-99 (two results), uranium-233/234 (one result), uranium-235/236 (one result), and
uranium-238 (two results).

E4.2.3  Field Split Samples 
Field split samples are duplicate samples that are sent to two different laboratories to allow 
interlaboratory comparisons of analytical results. These comparisons are used to evaluate laboratory 
performance, to determine the extent of any analytical problems, and to confirm out-of-trend results. 
In accordance with Table E-1, the results of field splits must have a precision ≤20%, as measured by 
the RPD (Equation E-1). The field split results pairs with at least one result greater than the PQL or 
greater than five times the MDC were evaluated. If the laboratory reported an estimated quantitation 
limit3 (EQL) or equivalent instead of an MDL, the evaluation criterion was one times the EQL instead of 
five times the MDL. Many (40%) field split results that have an RPD >20% are flagged as “Q” in the 
HEIS database “RESULT” table to indicate potential precision issues.  

For 2021, 1,338 field split sample result pairs generated analytical data. Of the total result pairs, 242 pairs 
(18.1%) met the evaluation criterion to calculate RPDs. From the 242 RPDs calculated, 35 (14.5%) 
exceeded the 20% RPD acceptance criterion. A total of 1,096 result pairs (81.9%) agreed as nondetects. 
Table E-10 presents the summary statistics by analyte class for the 2021 field splits. 

Table E-10. Field Split Summary Statistics by Analyte Class 

Analyte 
Class 

Number 
Split 

Result 
Pairs 

Number of 
Nondetectsa 

Percent of 
Nondetects 

Number of 
RPDs 

Calculatedb 
Percent 

Calculated 

Number 
of RPDs 
Outside 

QC 
Limitsc, d 

Percent of 
RPDs 

Outside 
QC Limits 

General 
chemistry 
parameters 

128 108 84.4 20 15.6 4 20.0 

NH3/anions 41 6 14.6 35 85.4 9 25.7 

Metals 357 179 50.1 178 49.9 19 10.7 

3 The EQL is the lowest concentration of an analyte that can reported with a known uncertainty. 
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Table E-10. Field Split Summary Statistics by Analyte Class 

Analyte 
Class 

Number 
Split 

Result 
Pairs 

Number of 
Nondetectsa 

Percent of 
Nondetects 

Number of 
RPDs 

Calculatedb 
Percent 

Calculated 

Number 
of RPDs 
Outside 

QC 
Limitsc, d 

Percent of 
RPDs 

Outside 
QC Limits 

Volatile 
organic 
compounds 

188 182 96.8 6 3.2 1 16.7 

Semivolatile 
organic 
compounds 

624 621 99.5 3 0.5 2 66.7 

Radiochemical 
parameters 0 0 0 0 0 0 0.0 

Total 1,338 1,096 81.9 242 18.1 35 14.5 

a. Number of pairs of results where both results were less than the MDL or MDC.
b. Splits with at least one result >PQL or >5 times the MDC were evaluated.
c. Split control limit is an RPD ≤20%. 
d. In cases where a nondetected result was compared with a measured value, the MDL or MDC was used for the
nondetected result. 

MDC = minimum detectable concentration 
MDL = method detection limit 
PQL = practical quantitation limit 

QC = quality control 
RPD = relative percent difference 

Additional information for the 2021 groundwater field splits by analyte class is as follows: 

• General chemistry parameters: For the general chemical parameters, 20 of 128 split results (15.6%)
met the evaluation criterion with 4 split RPD failures. The failures were for TOC and were previously
reviewed and qualified with the “Y” flag indicating results are suspect. A total of 108 of the 128 split
pairs (84.4%) were nondetects.

• Ammonia/anions: Ammonia and anions had 41 field split result pairs, of which 6 pairs (14.6%) were
nondetects and 35 pairs (85.4%) met the evaluation criterion. Of the 35 duplicate pairs, 9 (25.7%)
exceeded the RPD criterion. The constituents with out-of-limit RPD results were nitrate, nitrite, and
sulfate with one result each, and fluoride with six results.

• Metals: Metals had 357 field duplicate result pairs, of which 179 pairs (50.1%) were nondetects and
178 pairs (49.9%) met the evaluation criterion. Of the evaluated duplicate pairs, 19 (10.7%) exceeded
the RPD criterion. The constituents with out-of-limit RPD results were aluminum (three results),
chromium (four results), copper (one result), iron (two results), lead (one result), manganese (two
results), nickel (five results), and potassium (one result).
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• VOCs: For VOC parameters, 6 of 188 split results (3.2%) met the evaluation criterion with 1 split
RPD failure for trichloroethene. One of the trichloroethene results in the split pair was previously
reviewed and qualified with an “R” flag indicating result is not valid and should not be used. A total
of 182 of the 188 split pairs (96.8%) were nondetects.

• SVOCs: The SVOCs had 624 field duplicate result pairs, of which 621 pairs (99.5%) were nondetects
and 3 pairs (0.5%) met the evaluation criterion. Two pairs (66.7%) exceeded the RPD QC limit.
The two out-of-limit RPD result pairs were for bis(2-ethylhexyl) phthalate.

• Radiochemical parameters: There were no radiochemical split pairs in 2021.

E4.2.4 Quadruplicate Total Organic Carbon and Total Organic Halides Samples
TOC and TOX are classified as RCRA indicator analytes, and the samples for these analytes are 
usually taken in quadruplicate (40 CFR 265.92). For these analytes, the percent RSD (Equation E-2) of 
the quadruplicate results was determined and compared to a precision limit of 20%. Field quadruplicate 
sample results were evaluated only if at least one result of the quadruplicate was greater than the PQL. 

During 2021, 217 quadruplicate sample sets were taken for TOC. Of the 217 sample sets, 21 sets (9.7%) 
met the evaluation criterion; of these, none exceeded the precision criterion.  

For TOX, 199 quadruplicate sample sets were taken. Of the 199 sample sets, 24 sets (12.1%) met 
the evaluation criterion; of these, none exceeded the precision criterion. Table E-11 presents summary 
statistics for the TOC and TOX quadruplicate sample sets.  

Table E-11. Field Quads Summary Statistics 

Constituent 

Total 
Number of 

Quads 

Number of 
Quads 

Evaluated 

Percent of 
Quads 

Evaluated 

Number 
Within QC 

Limit 

Number 
Exceeding 
QC Limit 

Percent 
Within QC 

Limit 

Percent 
Exceeding 
QC Limit 

Total organic carbon 217 21 9.7 21 0 100 0 
Total organic halides 199 24 12.1 24 0 100 0 
QC = quality control 

E4.3 Laboratory Quality Control 
This section discusses the 2021 groundwater monitoring laboratory batch QC data that exceeded 
the QC acceptance criteria listed in Table E-1. The types of laboratory QC samples that are evaluated in 
this section are further discussed in Section E3.3. Table E-12 summarizes the evaluated laboratory QC 
data by analyte class. Overall, the laboratory QC data indicate that laboratory analytical measurements for 
the groundwater monitoring program are produced within the QC limits identified in Table E-1. Of the 
187,005 laboratory batch QC measurements reported with groundwater monitoring results, 98.9% of the 
measurements met the groundwater monitoring QC requirements. When the laboratories detect failures in 
batch QC samples, they usually apply a QC laboratory qualifier to the data (Table E-2). 

https://elr.info/sites/default/files/docs/statutes/full/rcra.pdf
https://www.ecfr.gov/cgi-bin/text-idx?SID=d5184692c3c185850796f9b61089b260&mc=true&node=pt40.28.265&rgn=div5#se40.28.265_192
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Table E-12. Laboratory QC Results Evaluated by Analyte Class 

QC Parameter 

General 
Chemical 

Parameters 
Ammonia/ 

Anions Metals 

Volatile 
Organic 

Compounds 

Semivolatile 
Organic 

Compounds 
Radiochemical 

Parameters Total 

Laboratory QC 
results 

Total 1,683 9,741 49,042 47,551 52,532 4,487 165,036 

Out 48 80 399 553 1,575 111 2,766 

Percent out 2.9 0.8 0.8 1.2 3.0 2.5 1.7 

Method blanks Total 342 1,927 9,164 8,448 13,308 2,018 35,207 

Out 8 22 311 74 161 36 612 

Percent out 2.3 1.1 3.4 .9 1.2 1.8 1.7 

Laboratory control 
samples/laboratory 
control sample 
duplicate recoveries 

Total 450 2,214 11,153 13,148 9,611 1,413 37,989 

Out low 0 0 0 35 169 9 213 

Out high 0 0 7 70 26 4 107 

Percent out 0 0 0.06 0.8 2.0 0.092 0.8 

Laboratory control 
sample duplicate 
RPDs 

Total 26 281 898 2,547 665 117 4,534 

Out 0 0 0 30 15 1 46 

Percent out 0 0 0 1.2 2.3 0.8 1.0 

Matrix spike/matrix 
spike duplicate 
recoveries 

Total 463 3,567 18,332 9,147 13,086 507 45,102 

Out low 25 26 57 136 255 19 518 

Out high 8 15 18 95 169 4 309 

Percent out 7.1 1.1 0.41 2.5 3.2 2.6 1.8 

Matrix spike 
duplicate RPDs 

Total 19 1,460 9,434 4,574 6,543 113 22,143 

Out 0 0 5 95 624 5 729 

Percent out 0 0 0.05 2.1 9.5 4.4 3.3 

Sample duplicates Total 383 292 61 0 0 319 1,055 

Out 7 17 1 0 0 33 58 

Percent out 1.8 5.8 1.6 0 0 10.3 5.5 
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Table E-12. Laboratory QC Results Evaluated by Analyte Class 

QC Parameter 

General 
Chemical 

Parameters 
Ammonia/ 

Anions Metals 

Volatile 
Organic 

Compounds 

Semivolatile 
Organic 

Compounds 
Radiochemical 

Parameters Total 

Surrogates Total N/A N/A N/A 9,592 9,133 N/A 18,725 

Out low N/A N/A N/A 0 88 N/A 88 

Out high N/A N/A N/A 18 58 N/A 76 

Percent out N/A N/A N/A 0.2 1.6 N/A 0.9 

Surrogate duplicates Total N/A N/A N/A 95 186 N/A 281 

Out N/A N/A N/A 0 10 N/A 10 

Percent out N/A N/A N/A 0 5.4 N/A 3.6 

N/A = not applicable 
QC = quality control 
RPD = relative percent difference 
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E4.3.1 Laboratory Method Blanks 
Laboratory method blanks are used to assess potential contamination associated with laboratory sample 
preparation and analysis. Of the 35,207 laboratory method blank results evaluated for 2021, 98.3% met 
the QC criteria outlined in Table E-1, indicating few problems with laboratory contamination. 

For the common laboratory VOC contaminants 2-butanone, acetone, methylene chloride, phthalate esters, 
and toluene, the QC limit is five times the MDL. The laboratories flag results associated with out-of-limit 
blank results in the laboratory qualifier field in the HEIS database (as described in Table E-3). For 
inorganic analytes (including the indicator analytes TOC and TOX), results associated with an 
out-of-limit method blank are flagged as “C.” For organic analytes and radioanalytes, results associated 
with an out-of-limit method blank are flagged as “B.” The laboratory may not flag a given groundwater 
sample result if the analyte concentration in the associated method blank is <5% of the concentration of 
the analyte in the given groundwater sample. 

• Metals: The metals had lowest method blank success rate at 96.6% with 311 method blank failures of
9,164 method blank results. This is mainly due to the high number of molybdenum blank failures
(331 results/50 failures) at one laboratory (GEL) and may be an indication that the laboratory’s MDL
value is set too low. The other most common blank failures were aluminum (250 results/14 failures),
beryllium (306 results/13 failures), copper (320 results/14 failures), iron (329 results/11 failures), lead
(305 results/11 failures), manganese (364 results/16 failures), mercury (138 results/18 failures),
potassium (309 results/21 failures), sodium (312 results/20 failures), thorium (225 results/10 failures),
uranium (346 results/10 failures), vanadium (353 results/18 failures), and zinc
(350 results/20 failures). The remaining metals had fewer than 10 and <5% out-of-limit method
blank results.

• General chemical parameters: General chemical parameters had the second lowest success rate at
97.7%, (and only other success rate below 98%) with 8 out-of-limit method blank results of the
342 method blank results. The general chemical parameter analytes with blank failures were
alkalinity (66 results/5 failures), TOX (161 results/2 failures), and total dissolved solids (12 results/
1 failure). It should be noted that the alkalinity blank failures contributed significantly to this failure
rate. Measuring a blank for alkalinity is not required by the method (and not performed at most
laboratories) because alkalinity is often measured in distilled water due to carbon dioxide adsorption
from the atmosphere.

• Ammonia/anions: Ammonia and anions had a method blank success rate at 98.9%, with 22 method
blank failures out of 1,927 method blank results. The analytes with method blank failures were
ammonia (7 results/4 failures), chloride (319 results/5 failures), cyanide (101 results/3 failures),
phosphate (97 results/1 failure), nitrite (319 results/4 failures), nitrate (320 results/3 failures), sulfate
(319 results/1 failure), and fluoride (319 results/1 failure).

• VOCs: VOCs had a method blank success rate of 99.1% (74 failures in 8,448 results). Most of these
failures were from two common laboratory contaminants, acetone (211 results/28 failures) and
methylene chloride (213 results/29 failures). The remaining 17 failures were distributed among 12
constituents and will not be discussed in detail.
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• SVOCs: The SVOCs had a method blank success rate of 98.8% (161 failures of 13,308 results).
A total of 134 of the failures were for a number of polychlorodibenzodioxins and
polychlorodibenzofurans. There was also 1 blank sample that had 9 failures out of the associated 16
polynuclear aromatic hydrocarbon (PAH) compounds reported. Of the remaining 17 SVOC failures,
14 were associated with plasticizers (di-n-butylphthalate, bis(2-ethylhexyl)phthalate and
butylbenzylphthalate), which are common contaminants.

• Radiochemical parameters: The radiological analyte method blank results met the QC criterion at
a success rate of 98.2%, with 36 of 2,018 method blank results not meeting the QC criterion.
The failed method blanks were for uanium-233/234 (74 results/11 failures), uranium-235/236
(74 results/ 3 failures), uranium-238 (74 results/3 failures), antimony-125 (85 results/2 failures),
cobalt-60 (106 results/2 failures) gross alpha (82 results/3 failures), gross beta (90 results/3 failures),
strontium-90 (122 results/4 failures), and one failure each for iodine-129, plutonium-238,
plutonium-239/240, and technetium-99.

E4.3.2 Laboratory Control Samples and Laboratory Control Sample Duplicates 
The LCS recoveries provide a measure of the accuracy of an analytical result, and the LCSD RPD 
provides a measure of the repeatability of the analytical result. Laboratories may apply a qualifier of 
“O” or “X” and an accompanying explanatory note when LCS recoveries or LCSD RPDs are outside of 
the QC limits. For 2021, LCS and LCSD results were available across all analyte categories. In this 
section, “LCS” includes both LCSs and LCSDs when percent recoveries are discussed. 

Overall, for 2021, 99.2% of the recoveries for the 37,989 reported LCS results and 99% of the RPDs for 
the 4,534 reported LCSD results met the QC criteria listed in Table E-1. These success rates provide 
assurance that the analytical measurement processes are in reasonable control and are producing results 
with sufficient accuracy and precision to meet the needs of the groundwater monitoring program. 

• General chemical parameters: For 2021, general chemical parameters had an LCS recovery rate of
100% for 450 LCS recoveries and no RPD failures for 26 LCSD RPDs.

• Ammonia/anions: Ammonia and anions had an LCS recovery success rate of 100% for 2214 results.
A total of 281 LCSD RPD results were reported, and all met the RPD criterion.

• Metals: Metals had an LCS recovery success rate of 99.94% (7 failures of 11,153 results). All seven
LCS recovery failures were out high. Six of the seven failed LCS recoveries were from a single LCS
sample. Antimony, cadmium, lead, silver, thallium, and tin all failed high for this analytical batch.
The lab noted that these same constituents were all nondetections in the samples associated with this
LCS. The seventh failure was thorium (263 results/1 failure/0 failures low/1 failure high). A total of
898 LCSD RPD results were reported for metals, and none exceeded the RPD criterion.

• VOCs: VOCs had an LCS recovery success rate of 99.2% (105 failures of 13,148 results) and
an LCSD RPD success rate of 98.8% (2,547 results/30 failures). Of the LCS recovery failures,
35 were out low and 70 were out high. All LCS recovery failures were for the EPA Method 8260
analytes. The analytes with the most LCS recovery failures were acrolein (72 results/17 failures/5
failures low/12 failures high), dichlorodifluoromethane (195 results/8 failures/3 failures low/5 failures
high), iodomethane (199 results/6 failures/4 failures low/2 failures high), isobutyl alcohol
(71 results/6 failures/1 failure low/5 failures high), trans-1,4-dichloro-2-butene (71 results/6 failures/
2 failures low/4 failures high), and vinyl chloride (359 results/9 failures/3 failures low/6 failures
high). The remaining VOCs with recovery failures had 5 or fewer failures.
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The 30 RPD failures were for 11 VOCs. The analytes with the most RPD failures were 
trichloromonofluoromethane (34 results/6 failures), dichlorodifluoromethane (33 results/4 failures), 
and vinyl chloride (65 results/4 failures). The remaining eight VOCs each had fewer than four RPD 
failures. 

• SVOCs: The SVOCs had an LCS recovery success rate of 98% (9,611 recoveries with 195 failures)
and an LCSD RPD success rate of 97.7% (665 RPDs with 15 failures). The LCS and LCSD RPD
performances of the SVOCs were as follows:

− EPA Method 8081 pesticides had an LCS recovery success rate of 99.3% for 1,805 total LCS
recoveries, with 4 low and 8 high. The EPA Method 8081 pesticides with the most failed LCS
recoveries were 4,4'-DDE (dichlorodiphenyldichloroethylene) (90 results/0 failures low/4 failures
high), aldrin (90 results/3 failures low/0 failures high), and trans-chlordane (90 results/0 failures
low/2 failures high). Three other pesticides each had one failed LCS recovery, two with a high
failure (endrin ketone and endosulfan sulfate) and one with a low failure (endrin). Overall LCSD
RPD performance for this method was 98.1%, with 5 RPDs out of limits for 260 LCSDs.

− EPA Method 8082 polychlorinated biphenyls (PCBs) had an LCS recovery success rate of 100%
for 154 total LCS recoveries, with no failures. Overall LCSD RPD performance for this method
was 98.6% with one RPD out of limits for 70 LCSDs.

− EPA Method 8151 herbicides had an LCS recovery success rate of 98.1% for 411 total LCS
recoveries, with 0 low and 8 high (6 for Dinoseb, 1 for Dichloroprop, and 1 for 2,4-DB). Overall
LCSD RPD performance for this method was 100% for 83 LCSDs.

− EPA Method 8270 SVOCs and PAHs had a success rate of 98.2% for 6,953 reported LCS
recoveries, with 128 LCS failures low and 10 failures high. The EPA Method 8270 analytes with
the most LCS recovery failures were 1,4 dioxane (89 results/38 failures low/0 failures high),
2,6-dichlorophenol (99 results/22 recoveries low/ 3 recoveries high), 4-Nitrophenol
(100 results/7 failures low/0 failures high), and 4-Chloroaniline (88 results/4 failures
low/0 failures high). The remaining 64 LCS failures were distributed among 41 analytes with no
more than 3 failures attributed to any single analyte. Overall LCSD RPD performance for this
method was 97.3% with 8 RPDs out of limits for 296 LCSDs.

− Extractable petroleum hydrocarbons (EPH) (aliphatic and aromatic hydrocarbon ranges) had a
success rate of 45.0% of 40 reported LCS recoveries, with all 22 failures low. The 22 LCS
recovery failures were distributed among all carbon ranges for both the aliphatics and aromatics
The LCS recovery range specified in the analytical method is 70% to 130%; however, the
laboratory (GEL) has not run this method frequently enough to establish a statistically derived
acceptance range. The low LCS recoveries indicate a possible low bias in actual groundwater
samples. There were no LCSD samples run (or required) with this dataset.

− TPH (diesel, kerosene, and motor oil) had a success rate of 64.3% of 42 reported LCS recoveries,
with all 15 failures low. The 15 LCS recovery failures were for TPH-diesel range
(14 results/3 failures low) and TPH-kerosene range (14 results/12 failures low). Although the
LCS recovery range specified in the TPH method is 70% to 130%, the laboratory (GEL)
statistically derived acceptance range is 40% to 107%. The low LCS recoveries indicate a
possible tendency for low recoveries in actual groundwater samples. Overall, LCSD RPD
performance was 88.9%, with one RPD out of limits for nine LCSDs.
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− EPA Method 8290 dioxins had an LCS recovery success rate of 100% for 206 total LCS
recoveries.

• Radiochemical parameters: The radiological analyte LCS recoveries met the QC criteria at
a success rate of more than 99.08% (13 failures of 1,413 LCS results). The failed LCS recoveries
were for iodine-129 (66 results/7 failures/6 failures low/1 failure high), technetium-99 (129 results/
2 failures/0 failures low/2 failures high), strontium-90 (179 results/2 failures/2 failures low/0 failures
high), gross beta (93 results/1 failure/1 failure low/0 failures high), and neptunium-237
(14 results/1 failure/0 failures low/1 failure high). For the LCSD RPDs, 1 of 117 RPDs did not meet
the RPD criterion, for a success rate of 99.2%. The failed LCSD RPDs was for strontium-90.

E4.3.3 Matrix Spikes and Matrix Spike Duplicates 
The MSs provide a measure of the accuracy of an analytical result and are used to determine if sample 
matrix effects may have affected analytical results. The MSDs give a measure of the repeatability of the 
analytical result. Only those MS samples that were spiked at a level at least one-fourth of the parent 
sample concentration were evaluated. For MS recovery failures, the laboratories apply a laboratory 
qualifier of “N” for non-GC/MS methods or a qualifier of “T” for GC/MS methods. For 2021, MS/MSD 
results were available across all the analyte categories. In this discussion, the set of MS recoveries also 
includes MSD recoveries. 

Of the 45,945 MS results reported for 2021, 45,102 results (98.2%) met the evaluation criterion (see 
previous paragraph). Of the 45,102 evaluated MS results, 98.2% met the percent recovery QC criteria 
cited in Table E-1. These success rates for percent recoveries and RPDs are similar to those for the LCS 
and LCSD QC and provide additional assurance that the laboratories are producing data with sufficient 
accuracy and precision to meet the needs of the groundwater monitoring program. Of the 22,164 
MS/MSD pairs reported, 22,143 (99.9%) met the evaluation criterion. Of the 22,143 MS/MSD pairs 
evaluated, 96.7% met the RPD QC criteria listed in Table E-1. 

• General chemical parameters: A total of 463 MS or MSD recoveries reported met the evaluation
criteria; 25 MS or MSD recoveries failed low and 8 failed high for an acceptance rate of 92.9%.
The general chemical parameter analytes with out-of-limit recoveries were TOX (165 results/
24 recoveries low/2 recoveries high), TOC (165 results/1 recovery low/5 recoveries high), and
tentatively identified compound (2 results/0 results low/1 result high). None of the 19 MS/MSD
RPDs were greater than the RPD limit for an acceptance rate of 100%.

• Ammonia/anions: A total of 3,567 MS or MSD results reported met the evaluation criteria;
26 MS/MSD recoveries failed low and 15 failed high, for an acceptance rate of 98.9%. All of the
1,460 MS/MSD RPDs met the RPD limit for an acceptance rate of 100%. The out-of-limit MS/MSD
recoveries were for bromide (132 results/1 recovery low/0 recoveries high), chloride
(589 results/2 recoveries low/1 recovery high), nitrite (615 results/9 recoveries low/3 recoveries
high), sulfate (600 results/3 recoveries low/3 recoveries high), nitrate (650 results/1 recovery low/
4 recoveries high), phosphate (190 recoveries/2 recoveries low/1 recovery high), fluoride
(621 results/3 recoveries low/3 recoveries high), and cyanide (115 results/5 recoveries
low/0 recoveries high). There is no indication of a systemic bias in the ammonia/anion groups
MS/MSD recoveries.

• Metals: Of the 18,332 MS/MSD results that met the evaluation criteria, 57 MS/MSD recoveries were
low and 18 were high for an acceptance rate of 99.59%. The out-of-limit results were scattered over
16 different metals. Metals with 10 or more MS/MSD recovery failures were calcium (366 results/
12 recoveries low/1 recovery high), chromium (876 results/7 recoveries low/3 recoveries high),
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magnesium (617 results/10 recoveries low/1 recovery high), and strontium (308 results/4 recoveries 
low/6 recoveries high). Due to batching of samples with different requested constituents, there were 
1,484 spike results with no associated sample result available. For those spikes, a review to ensure the 
samples were spiked at a level at least one-fourth of the parent sample concentration could not be 
completed. All of these values were included in the spike recovery reviews and may have caused a 
slight high bias in the number of spike failures observed. Of 9,434 MS/MSD RPDs, 5 results 
exceeded the RPD limit for a success rate of 99.95%.  

• VOCs: A total of 9,147 MS/MSD recoveries met the evaluation criteria; 136 MS/MSD recoveries
were low and 95 were high for an overall success rate of 97.5%. The out-of-limit MS and MSD
results were scattered over 48 different VOC analytes. The analytes with at least 10 MS/MSD
recovery failures were carbon tetrachloride (320 results/6 recoveries low/6 recoveries high),
chloromethane (138 results/1 recovery low/11 recoveries high), dichlorodifluoromethane (120 results/
14 recoveries low/8 recoveries high), tetrachloroethene (262 results/9 recoveries low/2 recoveries
high), trichloromonofluoromethane (120 results/7 recoveries low/3 recoveries high), and vinyl
chloride (278 results/12 recoveries low/12 recoveries high). Of 4,574 MS/MSD RPDs, 95 exceeded
the RPD limit for a success rate of 97.9%.

• SVOCs: A total of 13,086 MS/MSD recoveries met the evaluation criteria; 255 MS/MSD recoveries
were low and 169 were high for an overall success rate of 96.8%. Of the 6,543 evaluated MS/MSD
RPDs, 624 were greater than the RPD limit for a success rate of 90.5%. These failures were spread
out over a large number of different constituents with no specific constituents standing out. Due to the
large number of compounds involved, the failures will be noted by method rather than by compound.
The SVOC methods with out-of-limit MS/MSD recoveries were as follows:

− EPA Method 8081 pesticides (2,762 results/38 recoveries low/98 recoveries high;
1,381 MS/MSD RPDs with 64 failures)

− EPA Method 8151 herbicides (582 results/22 recoveries low/29 recoveries high; 291 MS/MSD
RPDs with 25 failures)

− EPA Method 8082 PCBs (252 results/2 recoveries low/6 recoveries high; and 126 MS/MSD
RPDs with 4 failures)

− EPA Method 8270 SVOCs and PAHs (9,370 results/116 recoveries low/32 recoveries high;
4,685 MS/MSD RPDs with 508 failures)

− EPH (aliphatic and aromatic hydrocarbon ranges) (80 results/70 recoveries low/0 recoveries high;
40 MS/MSD RPDs with 20 failures)

− TPH (diesel, kerosene, and motor oil) (40 results/7 recoveries low/4 recoveries high; 20 MS/MSD
RPDs with 3 failures)

• Radioanalytes: A total of 507 MS/MSD recoveries met the evaluation criteria, with 19 recoveries
low and 4 recoveries high for an overall success rate of 97.4%. Only 5 of 113 MS/MSD RPDs
exceeded the RPD limit for a success rate of 95.6%. Analytes with out-of-limit MS/MSD recoveries
include gross alpha, (115 results/14 recoveries low/0 recoveries high; 32 MS/MSD RPDs/3 failures),
gross beta (115 results/1 recovery low/2 recoveries high; 35 MS/MSD RPDs/1 failure), and tritium
(166 results/4 recoveries low/2 recoveries high; 46 MS/MSD RPDs/1 failure).
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E4.3.4 Laboratory Sample Duplicates 
Laboratory sample duplicates give a measure of the repeatability of an analytical result. Only the 
sample/duplicate pairs with at least one result greater than the PQL (chemical analyses) or greater than 
five times the MDC (radiochemical analyses) were evaluated. The RPDs for sample duplicates that met 
the evaluation criteria were compared to a maximum of 20%. When laboratory sample duplicate RPDs 
are outside of QC limits, laboratories may assign a laboratory qualifier of “X” and an accompanying 
explanatory note. 

The laboratories reported 3,813 laboratory sample duplicates for 2021. A total of 1,055 sample duplicates 
(27.7%) met the evaluation criterion; of these, 58 RPDs exceeded the precision criteria for an overall 
acceptance rate of 94.5%. This acceptance rate is slightly lower than that for LCSDs (99.0%) and 
MS/MSDs (96.7%) (discussed in previous sections) but still demonstrates reasonable analytical 
reproducibility. By analyte class, laboratory sample duplicate data were reported for general chemical 
parameters, ammonia and anions, metals, VOCs, SVOCs, and radioanalytes. For the radioanalytes, the 
laboratory sample duplicate is the primary measure of analytical precision. 

• General chemical parameters: The general chemical parameters had 383 duplicates that met the
evaluation criterion, of which 7 exceeded the QC limit. The RPD failures were for TOX (14 results/
7 failures).

• Ammonia/anions: Ammonia and anions had 292 duplicates meet the evaluation criterion, of which
17 exceeded the QC limit. There were four constituents with RPDs that exceeded the QC limit:
chloride (77 results/2 failures), ammonia (3 results/3 failures), cyanide (34 results/3 failures), and free
cyanide (11 results/7 failures). The relatively high failure rate for two constituents (ammonia and free
cyanide) indicate there may be precision issues with these analytical methods. Of the 11 free cyanide
duplicate pairs that met the evaluation criteria, 7 were above but very near the method PQL. Six of
the seven RPD failures were associated with these results. This is an indication that the PQL for the
free cyanide method may be set too low by the laboratory. Of the three ammonia results that met the
evaluation criteria, all of them had failed RPDs. A separate inquiry into the ammonia method
performance has also indicated a potential problem with the method precision and accuracy. Further
investigation into this method is warranted and currently under way.

• Metals: Metals had 61 duplicates that met the evaluation criterion with 1 RPD failure. The RPD
failure was for EPA Method 7,196 Cr(VI) (59 results/1 failure).

• VOCs: There were no sample duplicates performed for the VOCs.

• SVOCs: No sample duplicates for the SVOCs met the evaluation requirement.

• Radiochemical parameters: For the radioanalytes, 319 sample duplicates met the evaluation
criterion; 33 of these exceeded the QC RPD criterion. The out-of-limit RPDs were distributed over
the following: gross alpha (7 results/1 failure), gross beta (53 results/3 failures), iodine-129
(10 results/2 failures), strontium-90 (10 results/3 failures), technetium-99 (47 results/1 failure),
tritium (51 results/1 failure), uranium-233/234 (59 results/11 failures), uranium-235/236 (8 results/
1 failure), and uranium-238 (57 results/10 failures).

E4.3.5 Surrogates 
Surrogates are used to monitor percent recovery during sample analysis for VOCs and SVOCs. Surrogates 
are typically deuterated, fluorinated, or brominated organic compounds with chemical properties similar 
to those of the analytes of interest in a sample but are not normally found in environmental samples. 
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Known amounts of the surrogates are added to the sample prior to sample preparation and analysis to 
monitor the recovery of organic compounds during sample preparation and analysis. 

Table E-1 indicates that percent recoveries for surrogates are to be compared either to the Table E-1 
acceptance criteria or to statistically derived, laboratory-specific process control limits. The recovery limits 
specified in Table E-1 may be stricter than laboratory process control limits for those same analytes. 
Consequently, the Table E-1 criteria may generate more surrogate recovery failures than the laboratory 
process control limits. When laboratory surrogate percent recoveries are outside of laboratory QC limits, 
the laboratories may assign a laboratory qualifier of “X” and an accompanying explanatory note in the 
data report or case narrative.  

Surrogate data were reported for VOCs and SVOCs. Table E-12 indicates that for the 18,725 surrogate 
recoveries reported in 2021, 88 recoveries were less than the lower QC limit and 76 recoveries exceeded 
the upper QC control limit for an overall success rate of 99.1%. For the same reporting period, the 
laboratories reported a total of 281 surrogate duplicates, 10 for which RPDs exceeding the QC RPD 
criterion for an overall success rate of 96.4%. These success rates, along with those for the other measures 
of laboratory accuracy and precision, continue to provide assurance that the laboratories are producing 
VOC and SVOC data with sufficient accuracy and precision to meet the needs of the groundwater 
monitoring program.  

• VOCs: The laboratories reported 9,592 surrogate recoveries, with 0 recoveries less than the lower
recovery limit and 18 recoveries greater than the recovery limit for a success rate of 99.8%; of the
95 surrogate duplicates reported, no RPDs were greater than the surrogate RPD limit for a 100%
success rate.

− EPA Method 8260 VOCs: Of the 9,057 surrogate results, 17 were outside QC limits (0 low and
17 high), for a 99.8% success rate. None of the 95 surrogate duplicates exceeded the QC RPD
limit, for a success rate of 100%.

− EPA Method 8015 VOCs: Of the 448 surrogate results, 1 was outside QC limits (high) for
a 99.8% success rate. There were no surrogate duplicates reported.

− TPH-gasoline range: All of the 87 surrogate recoveries were within QC limits for a 100%
success rate. There were no surrogate duplicates reported.

• SVOCs: The laboratories reported 9,133 SVOCs surrogate recoveries, with 88 recoveries less than
the lower QC limit and 58 recoveries greater than the upper QC limit for a success rate of 98.4%.
The laboratories also reported 186 surrogate duplicates, 10 of which exceeded the RPD criterion,
for a success rate of 94.6%. For the SVOC analytes, the laboratories reported the following:

− EPA Method 8081 pesticides: Of 1,381 surrogate recoveries, 34 were outside QC limits (1 low
and 33 high), for a 97.5% success rate. Of the 84 surrogate duplicates, 6 did not meet the QC
RPD criterion.

− EPA Method 8082 PCBs: Of 1,299 surrogate results, 2 recoveries were low and 8 were high.
Of the 86 surrogate duplicates, 4 did not meet the QC RPD criterion.

− EPA Method 8151 herbicides: Of 244 surrogate results, 5 recoveries were low and 3 were high
for a 96.7% success rate. Of the 16 surrogate duplicates, all met the QC RPD criterion.

− EPA Method 8270 SVOCs: Of 5,976 surrogate recoveries, 18 recoveries were low and 7 were
high for a 99.6% success rate. No surrogate duplicates were reported.
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− EPH-Extractable Hydrocarbons: Of 108 surrogate results, 61 recoveries were out low and one
was out high for a 42.6% success rate. No surrogate duplicates were reported. The very low
success rate is due in part to the lab using fixed control limits for the surrogate recoveries.
They do not run the method often enough to have established statistical control limits at this time.
The fact that the majority of the failures were low indicated a likely low bias for this method.

− TPH-diesel range: Of 125 surrogate results, 1 recovery was out low and 6 were out high for a
94.4% success rate. No surrogate duplicates were reported.

E5 Laboratory Performance Evaluation 
During 2021, laboratory performance was tracked using the laboratory performance evaluation program. 
Section E5.1 discusses the laboratory performance evaluation programs, and Section E5.2 summarizes 
performance concerns identified in other areas. 

E5.1 Laboratory Performance Evaluation Programs 
During 2021, Environmental Resources Associates (ERA) and the U.S. Department of Energy (DOE) 
conducted national studies to evaluate laboratory performance for chemical and radiological constituents. 
ALS, GEL, Southwest Research Institute, San Antonio, TX (SWRI), TADN, RJLee, and TASL 
participated in the EPA-sanctioned water pollution/water supply performance evaluation studies 
conducted by ERA. The laboratories also participated in the DOE Mixed Analyte Performance Evaluation 
Program, and three of the laboratories participated in the ERA InterLaB RadCheM Proficiency Testing 
Program. 

Each contract environmental laboratory was required to participate in the DOE Consolidated Audit 
Program–Accreditation Body Program and be accredited by an accreditation body in order to receive 
Hanford Site environmental samples. All six laboratories maintained their accreditation through 
this program. 

E5.2 Laboratory Performance Concerns 
In 2021, a few laboratory performance concerns were identified and documented through Sample 
Management and Reporting protocols and systems that monitor laboratory performance (e.g., sample 
issue resolution and data review requests) and performance evaluation samples. The issues identified are 
as follows: 

• TASL:

− The laboratory suffered supply chain issues late in 2021, forcing them to modify the strontium-90
method to exclude the fuming nitric acid separation step. Trials were performed to ensure the
modification would not impact results. No significant shifts in trends have been noted because of
this modification.

• TADN

− There was an iron contamination issue identified for some metals analytical batches. Once
notified of the issue, the laboratory corrected the problem and reran all the impacted data.
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• GEL

− A higher-than-normal rate of elevated methylene chloride results (in both samples and blanks)
was noted at GEL laboratory for the first half of 2021. The laboratory was notified and after
investigation found and corrected the issue. Out of trend results impacted by this issue were
identified and flagged “R.”

• RJ Lee:

− There was an issue identified resulting in intermittent false positives for nitrite at the RJ Lee
laboratory starting in May 2021 and continuing through September 2021. After notification of the
issue, the laboratory did a thorough investigation and implemented corrective actions to rectify
the issue. These actions were completed and the issue was resolved by mid-October 2021. All
impacted results identified have had review qualifier flags applied through the request for data
review (RDR) process.

E6 Data Usability Conclusions 
For 2021, the overall groundwater monitoring dataset met the requirements with no major deficiencies. 
The data usability conclusions are summarized in the following sections. 

E6.1 Data Verification Considerations 
Data verification is summarized here using the data quality indicators precision, accuracy, 
representativeness, comparability, completeness, and sensitivity. 

E6.1.1 Data Verification: Precision 
Overall precision in the dataset was determined using a number of precision metrics. Table E-13 
summarizes the field QC metrics for field sample duplicates and field sample splits. Table E-14 
presents a summary of the laboratory QC metrics for laboratory sample duplicates, LCSD, MSD, and 
surrogate duplicates. All measures of precision met the Table E-1 requirements with a >94% success rate. 

E6.1.2 Data Verification: Accuracy 
Overall accuracy in the dataset was determined using several laboratory accuracy metrics. Table E-15 
summarizes the laboratory QC metrics for LCSs, MSs, and surrogates. All three measures of analytical 
accuracy met the Table E-1 requirements for laboratory accuracy with a >98% success rate. 
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Table E-13. Summary of Field QC Precision Metrics 

Field QC Duplicate Type 
Number 

Duplicates 

Number of 
Duplicate 

Nondetects 

Percent of 
Duplicate 

Nondetects 

Number of 
Duplicates 
Evaluated 

Percent of 
Duplicates 
Evaluated 

Number of 
Duplicates 

Out 

Percent of 
Duplicates 

Good 

Percent of 
Duplicates 

Out 

Field QC sample duplicates 11,949 9,607 80.4 2301 19.3 74 96.8 3.2 

Field QC sample splits 1,338 1,096 81.9 242 18.1 35 85.5 14.5 

QC = quality control 

Table E-14. Summary of Laboratory Precision Metrics 

Laboratory Duplicate Type 
Number of 
Duplicates 

Number of 
Duplicates 
Evaluated 

Percent of 
Duplicates 
Evaluated 

Number of 
Duplicates Out 

Percent of 
Duplicates Good 

Percent of 
Duplicates Out 

Laboratory sample duplicates 3,813 1,055 27.7 58 94.5 5.5 

Laboratory control sample duplicates 4,534 4,534 100 46 99.0 1.0 

Laboratory matrix spike duplicates 22,164 22,143 99.9 729 96.7 3.3 

Laboratory surrogate duplicates 281 281 100 10 96.4 3.6 

Table E-15. Summary of Laboratory Accuracy Metrics 

Laboratory Standard Type 
Number of 
Standards 

Number of 
Standards 
Evaluated 

Percent of 
Standards 
Evaluated 

Number of 
Standards Out 

Percent of 
Standards Good 

Percent of 
Standards Out 

Laboratory control samples 37,989 37,989 100 320 99.2 0.8 

Laboratory matrix spikes 45,945 45,102 98.2 518 98.2 1.8 

Laboratory surrogates 18,725 18,725 100 164 99.1 0.9 
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E6.1.3 Data Verification: Representativeness 
Field sampling and laboratory analytical methods based on industry-recognized standards and the 
observance of proper sample preservation and holding times help ensure that the final analytical results 
are as representative of Hanford Site groundwater as practicable. Field Sampling Operations acquired 
groundwater monitoring field samples and generated FBs in accordance with approved procedures that 
follow EPA guidelines and industry standards for performing groundwater sampling. The laboratories that 
generated data for the groundwater monitoring program performed sample preparation and analysis using 
methods based on recognized standard methods (Table E-3). Correct sample preservation and the 
observance of sample holding times also ensure that the values reported for field samples are 
representative of the sampled source. For 2021, 99.8% of samples were properly preserved prior to 
analysis, and the holding times were met for 99.1% of the analytes reported. 

E6.1.4 Data Verification: Completeness 
Section E4.1 discusses four aspects of data completeness for the 2021 groundwater monitoring program, 
which are summarized as follows: 

• Percentage of successful sampling events: 95.2% of planned groundwater samples were collected.

• Percentage of field QC samples collected: The number of field QC samples collected met or
exceeded groundwater monitoring program requirements.

• Percentage of data with no potential QC issues: The estimated percentage of data without potential
QC issues is 97.4%, which is well above the completeness goal of 85.0%.

• Sample preservation and holding times: 99.8% of groundwater samples were properly preserved at
the time of analysis, and 99.1% of constituents were analyzed within the required holding times.

E6.1.5 Data Verification: Sensitivity 
Sensitivity was not specifically investigated for this DUA. 

E6.2 Data Validation Considerations 
Third-party data validation was not performed for the 2021 routine groundwater monitoring dataset. 

E7 Summary 
The QC data for the 2021 groundwater monitoring dataset indicate that the dataset may be used for its 
intended purposes. 

The overall percentage of data quality issues decreased from 3.0% in 2020 (Table E-6 in 
DOE/RL-2020-60, Hanford Site Groundwater Monitoring Report for 2020) to 2.6% in 2021 (Table E-6). 
TOX, methylene chloride, and various dioxins were frequently detected in FBs. Alkalinity, molybdenum, 
methylene chloride, and various dioxins were frequently detected in lab blanks. In addition, poor 
laboratory analytical performance for TPH (diesel, kerosene, and motor oil) and EPH was observed. 

TOX was detected frequently in both field and lab blank samples. The FB detections are related to a 
known methylene chloride issue in the deionized water used to create the FB samples. During 2012, a 
study of VOC contamination in groundwater FBs determined that the deionized water used to generate 
the FBs is the most likely source of the methylene chloride (SGW-52194). In addition, there was an 
increase in methylene chloride detections in lab blanks and groundwater samples analyzed at GEL. 

https://pdw.hanford.gov/AR-1652
https://pdw.hanford.gov/document/0091690
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After the methylene chloride issue was brought to the laboratory’s attention, they were able to isolate and 
resolve the problem. Impacted sample results were flagged through the RDR program. 

There were a significant number of molybdenum detections in lab blanks run at GEL. This is an 
indication that there is either a contamination source at the lab (unlikely) or that the lab MDL value is set 
too low. This issue has been communicated to the lab. 

Various dioxin compounds were detected multiple times in both the field and method blanks for method 
under the 8290-dioxin method. This is due to the very low detection limits for the method and the 
pervasive nature of these compounds. Both laboratories that perform this method have indicated that the 
compounds are observed in all of their blanks. This makes it difficult to evaluate whether trace levels of 
the compounds are in Hanford Site groundwater or if it is low-level contamination found in the method 
reagents.  

Poor analytical laboratory accuracy was observed for both the EPH and TPH (diesel, kerosene, and motor 
oil) analysis, as indicated by LCS recoveries. All analyses were performed by GEL in 2021. The success 
rate for LCS recoveries was 45.0% for EPH and 64.3% for TPH with all failures outside of limits low. 
Although the LCS recovery range specified in the analytical method is 70% to 130%, the laboratory’s 
statistically derived acceptance range for TPH is 40% to 107%, and for EPH the method has not been run 
frequently enough to establish statistical limits. The low LCS recoveries indicate the potential for low 
recoveries in actual groundwater samples for these constituents.  
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F1 Dry Well Predictions for Central Plateau Wells 
The water table beneath the Central Plateau of the Hanford Site has declined following cessation of most 
wastewater discharges to the ground in the mid-1990s. In 2020, an updated evaluation was performed to 
predict the rates of water-level decline and identify groundwater monitoring wells that are likely to 
become sample dry between 2020 and 2030 (SGW-63743, Predicted Impact of Future Water-Level 
Declines on Groundwater Well Longevity Within the Central Plateau, Hanford Site). The evaluation used 
water levels measured in monitoring wells and a numerical groundwater flow model to predict water 
levels in 517 wells across the Central Plateau. 

To allow for drawdown during sample collection pumping, a certain amount of water must be present in 
a well to extract a sample. When the static water level has declined below this critical level, the well is 
deemed “sample dry.” Sampling is usually feasible if a well has >0.9 m (>3 ft) of water above the bottom 
of the screened or perforated interval. Wells that are sample dry may still produce sufficient water to 
collect samples with low-flow pumps or bailers, so they may continue to be used. Wells may still be used 
for water-level monitoring as long as the water level remains above the bottom of the screened or 
perforated interval. 

The dry well predictions are intended to aid project scientists and managers to assess the impact of the 
loss of these wells on monitoring well networks. They can then make recommendations to either 
accept the loss of particular monitoring wells, substitute other nearby wells (if available), or install 
replacement wells. 

Seventy-four wells are predicted to become sample dry between 2020 and 2030, although not all of these 
wells are currently in a monitoring network. Table F-1 lists 56 in-use wells that are predicted to be sample 
dry, which programs each well serves, and the well’s current status. 

In 2021, 32 wells were predicted to be sample dry or totally dry (Table F-1). Their status in 2021 was as 
follows: 

• 7 wells were successfully sampled in 2021 despite having little water.

• 13 wells were sampled in 2021 or 2020 with problems that indicate the wells were nearly dry
(e.g., high turbidity; bailed samples, pumping dry).

• 9 wells had failed sample attempts in 2020 or 2021 and are considered sample dry.

• 3 wells were not scheduled for sampling or not attempted in 2021, but were successfully sampled in
early 2022.

Additionally, five wells predicted to go sample dry after 2021 had failed or problematic sample attempts 
in 2021 (Table F-1).

https://pdw.hanford.gov/document/AR-03316
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Table F-1. Monitoring Wells Predicted to be Sample Dry by 2030 

Well Name Scheduled Well Use in 2021 
Predicted 

Sample Drya 
Water Column, m 

(ft)b Status in 2021 

Predicted Dry in 2020 or 2021 

299-E13-14 CERCLA-PO, CERCLA-UP, WL 2020 0.14 (0.45) Well is dry; replacement well 299-E13-24 proposed. 

299-E17-19 AEA-PO, CERCLA-PO, 
RCRA-A36B 2020 0.73 (2.4) Successfully sampled with a pump in 2021. 

299-E17-20 None 2020 0.70 (2.3) Sampling not attempted in 2021. Successfully sampled with a 
pump in January 2022. 

299-E17-9 AEA-PO 2020 0.94 (3.1) Sampled with a bailer in 2019. Not attempted in 2021 (delayed to 
2022). 

299-E24-4 AEA-PO 2020 (total) -0.55 (-1.8) Successfully sampled with a pump in 2021. Water table is below 
documented perforations, but well produces ample water. 

299-E25-29P CERCLA-PO 2020 1.0 (3.3)c Pumped dry and sampled after recharge in 2021. 

299-E26-10 AEA-BP, CERCLA-BP, 
RCRA-LERF, WL 2021 0.8 (2.7) Successfully sampled with a pump in 2021. 

299-E33-7 None 2020 0.89 (2.9) Sampling not attempted in 2021. Sampled with a pump in 2020; 
high turbidity. 

299-E34-9 AEA-BP, CERCLA-BP, 
CERCLA-BP-RA, AEA-LL2, WL 2021 0.8 (2.7) Successfully sampled with a pump in 2021. 

299-W10-26 AEA-ZP, CERCLA-ZP, 
RCRA-TX-TY, WL 2021 0.7 (2.1) Successfully sampled with a bladder pump in 2021; high 

turbidity. Replacement well 299-W10-208 proposed. 

299-W11-13 None 2021 N/A Not scheduled in 2021; previously known to be dry. 

299-W11-33Q CERCLA-ZP 2021 2.1 (7.0) Successfully sampled with a bladder pump in 2021; high 
turbidity. 

299-W14-13 CERCLA-ZP, DOH, DOH-Co, 
RCRA-TX-TY 2020 (total) 0.02 (0.07) Dry in 2021. 

299-W14-14 AEA-ZP, CERCLA-ZP, 
RCRA-TX-TY, WL 2020 0.45 (1.5) Sampled with a bailer in 2021; high turbidity. Replacement 

well 299-W14-78 proposed. 
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Table F-1. Monitoring Wells Predicted to be Sample Dry by 2030 

Well Name Scheduled Well Use in 2021 
Predicted 

Sample Drya 
Water Column, m 

(ft)b Status in 2021 

299-W14-15 RCRA-TX-TY, WL 2021 0.9 (3.0) Sampled with a bailer in 2021; high turbidity. Replacement 
well 299-W14-76 proposed. 

299-W14-16 AEA-ZP, WL 2021 1.3 (4.3) Successfully sampled with a bladder pump in 2021; high 
turbidity. 

299-W14-17 AEA-ZP, CERCLA-ZP, WL 2021 0.6 (2.1) Successfully sampled with a bladder pump in 2021; high 
turbidity. 

299-W14-18 CERCLA-ZP, RCRA-TX-TY, 
WL 2021 0.7 (2.1) Sampled with a bailer in 2021; high turbidity. Replacement 

well 299-W14-77 proposed. 

299-W22-10 AEA-UP, CERCLA-UP 2020 0.38 (1.25) Failed sample attempt in 2021. AEA well 299-W22-125 
proposed. 

299-W6-11 AEA-ZP, CERCLA-ZP, 
WAC-SALDS 2020 (total) N/A Failed sample attempt in 2021; dry well. 

299-W6-12 CERCLA-ZP, WAC-SALDS 2020 (total) N/A Sampling unsuccessful in 2020 and 2021. Dry well. 

299-W8-1 WAC-SALDS, WL 2020 -0.09 (-0.30) Predicted to recover in 2021; pumped dry and sampled after 
recharge in January 2021. Dry in January 2022. 

699-24-35 WAC-SWL, WL 2020 0.3 (1.0) Successfully sampled with a pump in 2021. 

699-32-43 CERCLA-PO, WL 2020 0.4 (1.5) Successfully sampled with a pump in 2021. 

699-34-41B WL 2020 0.7 (2.4) Sampling not attempted in 2020 or 2021; successfully sampled 
with a pump in early 2022. 

699-34-42 None 2020d 0.7 (2.4)d Sampling not attempted in 2020 or 2021; successfully sampled 
with a pump in early 2022. 

699-35-66A CERCLA-UP, CERCLA-ZP, 
CERCLA-ERDF, WL 2020 0.5 (1.6) Successfully sampled with a pump in 2021; replacement 

well 699-37-67 drilled in 2019 and sampled in 2020 and 2021. 

699-45-69A CERCLA-ZP, WL 2021 1.3 (4.3) Sampling not attempted in 2021; sample dry in 2020. Dry water 
level measurement in March 2022. 

699-48-77A None 2020 (total) N/A Sampling not attempted in 2021 (previously known to be dry but 
predicted to recover). 
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Table F-1. Monitoring Wells Predicted to be Sample Dry by 2030 

Well Name Scheduled Well Use in 2021 
Predicted 

Sample Drya 
Water Column, m 

(ft)b Status in 2021 

699-48-77D WAC-SALDS, WL 2020 (total) N/A Sampling not attempted in 2021; dry in early 2022. Predicted to 
recover. 

699-50-59 AEA-BP, CERCLA-BP, WL 2020 0.8 (2.5) Well pumped dry in 2021; sampled after recharge but not enough 
water for full sample set. 

699-61-62 CERCLA-BP, WL 2020 0.3 (0.8) Well pumped dry in 2021; sampled after recharge; high turbidity. 

Predicted Dry After 2021 

299-E25-41 AEA-PO, CERCLA-PO, 
RCRA-A-AX 2027 1.0 (3.2) Successfully sampled with a pump in 2021. 

299-E33-1A AEA-BP 2026 0.9 (3.0) Successfully sampled with a pump in 2021. 

299-E33-14 AEA-BP, CERCLA-BP, WL 2022 0.8 (2.8) Sampling unsuccessful in 2021; no water to surface. However, 
well was successfully sampled with a pump in early 2022. 

299-W10-23 WL 2029 3.2 (10) Sampling not attempted in 2020. 

299-W10-24 RCRA-T, WL 2024 2.1 (6.9) Successfully sampled with a bladder pump in 2021. 

299-W10-27 CERCLA-ZP, RCRA-TX-TY, 
WL 2023 0.7 (2.1) Successfully sampled with a bladder pump in 2021; high 

turbidity. Replacement well 299-W10-209 proposed. 

299-W11-39 RCRA-T, WL 2025 2.7 (8.8) Successfully sampled with a bladder pump in 2021; high 
turbidity. 

299-W11-40 RCRA-T, WL 2023 2.5 (8.1) Successfully sampled with a bladder pump in 2021. Replacement 
well 299-W11-108 proposed. 

299-W11-41 AEA-ZP, RCRA-T, WL 2022 2.0 (6.5) Successfully sampled with a bladder pump in 2021. 

299-W11-42 RCRA-T, WL 2022 2.0 (6.5) Successfully sampled with a bladder pump in 2021. 

299-W13-2P CERCLA-ZP 2022 3.5 (11.5) Successfully sampled with a bladder pump in 2021. 

299-W14-19 RCRA-TX-TY, WL 2023 2.2 (7.3) Successfully sampled with a bladder pump in 2021. Replacement 
well 299-W14-79 proposed. 

299-W15-763 CERCLA-ZP, WL 2027 2.9 (9.6) Successfully sampled with a bladder pump in 2021; high 
turbidity 
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Table F-1. Monitoring Wells Predicted to be Sample Dry by 2030 

Well Name Scheduled Well Use in 2021 
Predicted 

Sample Drya 
Water Column, m 

(ft)b Status in 2021 

299-W15-765 AEA-ZP, CERCLA-ZP, 
RCRA-TX-TY 2030 2.1 (6.8) Successfully sampled with a bladder pump in 2021. 

299-W19-101 AEA-UP, CERCLA-UP, WL 2026 3.5 (11.6) Successfully sampled with a pump in 2021; replacement well 
D0279 proposed. 

299-W19-12 AEA-UP, CERCLA-UP, 
CERCLA-ZP, WL 2025 1.6 (5.2) 

Pumped dry and sampled after recharge in 2021 but not enough 
water for full sample set. Replacement well 299-W19-112 
proposed. 

299-W19-131 CERCLA-UP, CERCLA-ZP 2027 3.7 (12.0) 
Successfully sampled with a pump in 2021; well deliberately 
constructed with a shallow screened interval to monitor shallow 
uranium contamination in the U Plant area. 

299-W19-36 AEA-UP, CERCLA-UP, 
CERCLA-ZP 2022 1.3 (4.1) Successfully sampled with a pump in 2021; replacement 

well 299-W19-135 proposed. 

299-W19-43 AEA-UP, CERCLA-UP, WL 2022 1.5 (5.0) Sampled with a bailer in 2021; replacement well 299-W19-136 
proposed. 

699-32-70B CERCLA-UP, WL 2023 1.0 (3.3) Sampling unsuccessful in 2021; replacement well D0280 
proposed 

699-36-70A
CERCLA-UP, CERCLA-ZP, 
CERCLA-ERDF, DOH, DOH-Co, 
WL 

2024 1.8 (5.8) 
Successfully sampled with a pump in 2021; replacement 
well 699-35-70B proposed for continued upgradient ERDF 
monitoring. 

699-38-65 CERCLA-UP, CERCLA-ZP, WL 2027 2.2 (7.2) Successfully sampled with a pump in 2021. 

699-38-68A AEA-UP, CERCLA-UP, 
CERCLA-ZP, WL 2022 1.3 (4.1) Sampling unsuccessful in 2021; no water to surface. No 

replacement planned given proximity of newer well 699-37-67. 

699-45-42 AEA-BP, CERCLA-BP, WL 2025 1.0 (3.4) Successfully sampled with a pump in 2021. 

Reference: Table 2 in SGW-63743, Predicted Impact of Future Water-Level Declines on Groundwater Well Longevity Within the Central Plateau, Hanford Site, 
excluding wells not in use or used only for water levels. 
Notes: Orange shading indicates well could not be sampled in 2021. 
Yellow shading indicates samples were collected in 2021, but conditions indicate the well is nearly sample dry (bailed, pump intake above water, or high turbidity). 
BP, PO, UP, and ZP refer to groundwater interest areas or operable units. 

https://pdw.hanford.gov/document/AR-03316
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Table F-1. Monitoring Wells Predicted to be Sample Dry by 2030 

Well Name Scheduled Well Use in 2021 
Predicted 

Sample Drya 
Water Column, m 

(ft)b Status in 2021 
a. “Sample dry” indicates less than 0.9 m (3 ft) of water in the screened or perforated interval. “Total” indicates water level below bottom of screened or perforated
interval.
b. Based on elevations of screened or perforated intervals from SGW-63743 and hydraulic head from 2021 or early 2022, unless noted.
c. Based on 2019 head measurement. Water level could not be measured in 2020 or 2021. 
d. Measured depth to bottom used to predict year in SGW-63743 was apparently erroneous; well still produced ample water in 2021. The 2021 water column was based
on constructed bottom elevation.

AEA = Atomic Energy Act 
CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
DOH = Department of Health 
ERDF = Environmental Restoration Disposal Facility 
LERF = Liquid Effluent Retention Facility 
N/A = not applicable 
RCRA = Resource Conservation and Recovery Act of 1976 
SALDS = State-Approved Land Disposal Site 
SWL = Solid Waste Landfill 
WAC = Washington Administrative Code 
WL = water-level measurement 

https://pdw.hanford.gov/document/AR-03316
https://pdw.hanford.gov/document/AR-03316
https://www.energy.gov/sites/prod/files/2017/10/f38/Atomic%20Energy%20Act%20of%201954%20%28AEA%29%20in%20U.S.C..pdf
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf


DOE/RL-2021-51, REV. 0 

F-7

F2 Reference 
Atomic Energy Act of 1954, as amended, 42 USC 2011, Pub. L. 83-703, 68 Stat. 919. Available at: 

https://www.energy.gov/sites/prod/files/2017/10/f38/Atomic%20Energy%20Act%20of%2019
54%20%28AEA%29%20in%20U.S.C..pdf 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 USC 9601, et seq., 
Pub. L. 107-377, December 31, 2002. Available at: 
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf. 

Resource Conservation and Recovery Act of 1976, Pub. L. 94-580, 42 USC 6901 et seq. Available at: 
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf. 

SGW-63743, 2019, Predicted Impact of Future Water-Level Declines on Groundwater Well Longevity 
Within the Central Plateau, Hanford Site, Rev. 0, CH2M HILL Plateau Remediation 
Company, Richland, Washington. Available at: https://pdw.hanford.gov/document/AR-03316. 

https://www.energy.gov/sites/prod/files/2017/10/f38/Atomic%20Energy%20Act%20of%201954%20%28AEA%29%20in%20U.S.C..pdf
https://www.energy.gov/sites/prod/files/2017/10/f38/Atomic%20Energy%20Act%20of%201954%20%28AEA%29%20in%20U.S.C..pdf
https://www.csu.edu/cerc/researchreports/documents/CERCLASummary1980.pdf
https://www.govinfo.gov/content/pkg/STATUTE-90/pdf/STATUTE-90-Pg2795.pdf
https://pdw.hanford.gov/document/AR-03316


DOE/RL-2021-51, REV. 0 

F-8

This page intentionally left blank. 




