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1 Background and Purpose 

The Liquid Effluent Retention Facility (LERF) is a final status treatment, storage, and disposal facility 

under the Resource Conservation and Recovery Act of 1976 and the implementing requirements in 

WAC 173-303-600, “Dangerous Waste Regulations,” “Final Facility Standards.” Groundwater at LERF 

is monitored under a detection monitoring program that includes semiannual sampling of indicator 

parameters (e.g., pH, specific conductance, total organic carbon [TOC], total organic halogens [TOX], 

and heavy metals) (WAC 173-303-645(9)(a), “Releases from Regulated Units”).  

Groundwater sampling results from the July 20, 2016, semiannual sampling event showed specific 

conductance exceeding the critical mean comparison value for LERF at downgradient well 299-E26-15 

(Figure 1; Table 1). In accordance with WAC 173-303-645(9)(g)(vi), this report demonstrates that 

an upgradient source other than LERF is associated with increasing specific conductance; however, the 

exceedance at well 299-E26-15 was not verified, which suggests an analytical error. This demonstration 

provides references to previous analysis, groundwater assessments, notification letters, and current 

evaluations of groundwater quality beneath LERF.  

After the specific conductance exceedance was discovered, actions included notifying the Washington 

State Department of Ecology (Ecology) and performing verification sampling to determine the quality of 

the results for field specific conductivity testing.  

2 Specific Conductance Exceedance and Sample Verification 

Sample results were reviewed for well 299-E26-15 on August 15, 2016. It was discovered that specific 

conductance had exceeded the critical mean comparison value for LERF, which was thought to be 

an analytical error (Table 1). The U.S. Department of Energy (DOE) submitted a notification letter to 

Ecology on August 22, 2016, indicating that verification samples would be collected to determine if 

an analytical error had occurred (16-AMRP-0252, “Notification of Groundwater Sampling Results 

Exceeding Specific Conductance for the Liquid Effluent Retention Facility 2013 Monitoring Well 

Network Plan per 40 CFR 365.93(2)(d)(1)” [see Appendix A]). 

Verification samples were collected on August 22, 2016, and sent to Geotechnical Engineering 

Laboratory (GEL) and Test America St. Louis (TASL). Sample verification results were below the LERF 

critical mean comparison value (Table 1). Quadruplicate samples were not requested, so a second round 

of verification sampling was performed on September 13, 2016. The verification results were again below 

the LERF critical mean comparison value for specific conductance, confirming that the specific 

conductance exceedance was due to analytical error (Table 1).  

Specific conductance values have continued to increase in the area to the west and north of LERF for 

several years since prior to the start of LERF operations in 1994. Currently, several aqueous constituents 

(calcium, chloride, magnesium, nitrate, potassium, and sulfate) associated with specific conductance 

upgradient of LERF are elevated beyond natural groundwater conditions (DOE/RL-96-61, Hanford Site 

Background: Part 3, Groundwater Background1) (Table 2). Chapter 3 discusses two previous 

assessments and provides explanations for the increasing specific conductance in this area. 

1 DOE/RL-96-61 provides the most accurate representation of background distribution for chemicals in the 
unconfined aquifer considering the various lithologies.  
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Figure 1. LERF Monitoring Network and Groundwater Flow Direction in 2015 
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Table 1. July 13, August 22, and September 13, 2016, LERF Semiannual Sampling and Verification Results 

Well Name 

Date 

Sampled pH SC TOC TOX Cr+6 CCL4 

299-E26-14 7/31/2016 7.97 799 1,525 6.15 1.5(U) 0.18(U) 

299-E26-15 7/20/2016 7.73 834 808 4.41 1.5(U) 0.3(U) 

299-E26-77a 7/13/2016 7.76 953 N/A N/A N/A N/A 

299-E26-79 7/13/2016 7.86 742 988.5 3.33(U) 1.5(U) 0.3(U) 

299-E26-15  

field verification 
8/22/2016 N/A 821.5 N/A N/A N/A N/A 

299-E26-15  

GEL verification 
8/22/2016 N/A 799 N/A N/A N/A N/A 

299-E26-15  

TASL verification 
8/22/2016 N/A 826 N/A N/A N/A N/A 

299-E26-15  

field verification 
9/13/2016 N/A 831 N/A N/A N/A N/A 

299-E26-15  

GEL verification 
9/13/2016 N/A 814 N/A N/A N/A N/A 

299-E26-15  

TASL verification 
9/13/2016 N/A 831 N/A N/A N/A N/A 

Critical meanb 
Low 7.66 N/A N/A N/A N/A N/A 

High 8.12 832 4,509 10.54 N/A N/A 

Note: Yellow-highlighted cell indicates specific conductance exceedance. 

a. Well 299-E26-77 is a cross-gradient well sampled for geochemical parameters only and is not used for

statistical measurements. 

b. ECF-Hanford-16-0015, Calculations of Critical Means for Calendar Year 2016 RCRA Groundwater Monitoring.

CCL4 = carbon tetrachloride 

Cr+6 = hexavalent chromium 

N/A = not applicable 

SC = specific conductance 

TOC = total organic carbon 

TOX = total organic halide 

U = sample was analyzed for, but not detected 



DOE/RL-2016-71, REV. 0 

4 

Table 2. Comparison of July 2016 Aqueous Constituents Associated with 
Specific Conductance near and beneath the LERF with 95th Percentile 

Regional Background Concentrations 

Constituents 

Range of July 2016 

Concentrations 

(mg/L) 

DOE/RL-96-61 95th Percentile 

Background Concentration 

(mg/L) 

Calcium 73.1 to 130 58.4 

Chloride 50 to 92 19.6 

Magnesium 24.1 to 36 31.1 

Nitrate 39.8 to 66.4 41.7 

Potassium 9.63 to 11 11.1 

Sodium 30 to 37.3 32.9 

Sulfate 150 to 270 55 

Reference: DOE/RL-96-61, Hanford Site Background: Part 3, Groundwater Background. 

3 History of Specific Conductance at the Liquid Effluent Retention Facility 

The two previous assessments discussed in this chapter provide alternative explanations for the continued 

increase of specific conductance at LERF. The latter assessment is expanded to establish a conceptual 

model, consistent with increasing trends of specific conductance at both upgradient and LERF 

monitoring wells.  

In 1999, a groundwater assessment plan and report for the LERF (PNNL, 1999, “Groundwater 

Assessment Plan and Report for the 200 East Area Liquid Effluent Retention Facility”) was submitted to 

Ecology (see Appendix B). The assessment plan and report were submitted because of the exceedance of 

the critical mean for specific conductance at downgradient wells 299-E26-9 and 299-E26-10. Three lines 

of evidence were used to demonstrate that the elevated specific conductance was not associated with 

LERF. First, although nitrate was found in the LERF leachate collection system, increasing nitrate trends 

in groundwater were noted as early as 1993, before the first waste was received at LERF in 1994. Second, 

tritium activity in groundwater had remained steady, even though tritium activity in the basins was high. 

Lastly, several aqueous constituents (calcium, potassium, magnesium, sulfate, and chloride) had also been 

increasing over time and were associated with specific conductance similar to nitrate. Thus, it was 

concluded that the aqueous constituents were nonhazardous and the increasing groundwater-specific 

conductivity was due to a return of natural groundwater conditions following the closure of the 

216-B-3 Pond (00-GWVZ-065, “Notification of Specific Conductance Exceedance at the 200 East Area 

Liquid Effluent Retention Facility (LERF)” [see Appendix C]). 

In 2010, an assessment of aqueous constituents associated with increasing specific conductance west 

of the LERF was provided in DOE/RL-2011-01, Hanford Site Groundwater Monitoring Report 

for 2010. Increasing nitrate and sulfate were attributed to two unplanned releases (UPRs): cerium rare 

earth crude (UPR-200-E-32) and strontium-nitrate crude (UPR-200-E-138) from the 216-B-2-1 and 

216-B-2-2 Ditches (Figure 2). The lateral and downward driver of the elevated constituents was inferred 

from a 1986 wetting front observed in Trench 36 at Low-Level Waste Management Area (LLWMA)-2, 
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which is southwest of well 299-E34-7 (Figure 2). An earlier investigation established that infiltrating pore 

water at LLWMA-2 was associated with plugging of the back-end weir box in the unlined 

216-B-2-3 Ditch (SD-WM-TI-260, Water Inflow Investigation at the 218-E12A and 218-E12B Burial 

Grounds). This ditch received over 1 million gallons daily. Lateral migration of the wetting front through 

the vadose zone was conceptualized from northeast-dipping, low-permeability sediments 

(WHC-SD-EN-TI-290, Geologic Setting of the Low-Level Burial Grounds), as well as the sudden and 

significant increase of UPR constituents at well 299-E34-7 in the mid-1990s (Figures 3 through 6).  

The contaminants for UPR-200-E-138 are identified in Table 28 in ISO-986, B-Plant Phase III 

Flowsheets. The table lists 27 different contaminants, including nitrate, sulfate, and organics. Although 

calcium is not listed, a high concentration of sodium was present in the waste, which is known to displace 

calcium by cation exchange in the vadose zone at the Hanford Site. The dissolution of gypsum also 

produces mobile calcium and sulfate ions. The sudden and significant increase of these contaminants 

suggests contaminant loading from the vadose zone. The sudden and significant increase of TOC at 

well 299-E34-7 also provides convincing evidence of UPR migration. Other aquifer contaminant sites 

(absent of organic wastes) do not display significant TOC levels (Figure 7).  

Elevated nitrate and sulfate are currently trending similarly at upgradient LERF well 299-E26-14 

(Figure 8). In addition, the ratio between nitrate and sulfate at this well is nearly the same as found at 

well 299-E34-7 following the mid-1990 UPR. Another similarity is the sudden and significant increase in 

TOC at well 299-E26-14 (Figure 9). 

The inferred groundwater flow direction east of well 299-E34-7 is depicted to the southeast (Figure 10). 

The convergence of the flow lines is the current location of well 299-E26-14. 

Note that groundwater at well 299-E34-7 was characterized due to elevated specific conductance and 

TOC concentrations from 2000 to 2005. The characterization included semiannual sampling and analyses 

for the constituents identified in 40 CFR 264, “Standards for Owners and Operators of Hazardous Waste 

Treatment, Storage, and Disposal Facilities,” Appendix IX, “Ground-Water Monitoring List.” Other 

analyses included coliform bacteria, total petroleum hydrocarbons (for diesel and gasoline), and oil and 

grease. PNNL-15670, Hanford Site Groundwater Monitoring for Fiscal Year 2005, concluded that 

“…no organic constituents were detected consistently and those detected were at low levels, often 

associated with blank contamination that appears to be false-positive results.”  

4 Conclusion 

Based on the results of verification sampling/analysis and the upgradient groundwater source of elevated 

specific conductance, DOE believes it has successfully demonstrated that LERF did not cause a critical 

mean exceedance at well 299-E26-15. DOE has also provided a modified groundwater monitoring plan 

that contains the appropriate changes necessary for successful future detection monitoring at LERF. 

Based on this demonstration, DOE recommends no change in current groundwater monitoring until the 

modified groundwater monitoring plan is implemented.  
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Figure 2. 218-E-12B and 200-E-304 Burial Grounds at LLWMA-2  
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Figure 3. Conceptual Site Model of Previous Cooling Water and Contaminant Migration near and beneath LLWMA-2 
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Figure 4. Nitrate Concentration Trends at Well 299-E34-7 

 

Figure 5. Calcium and Sulfate Concentration Trends at Well 299-E34-7 
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Figure 6. Nitrate and TOC Concentration Trends at Well 299-E34-7 

 

Figure 7. Comparison of TOC Concentration Trends  
at Well 299-E34-7 to Wells 299-E27-14 and 299-E33-47 
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Figure 8. Nitrate and Sulfate Concentration Trends at Well 299-E26-14 

 

Figure 9. TOC and Specific Conductance Concentration Trends at Well 299-E26-14 
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Source: Figure 15 in SGW-52467, Integrated Surface Geophysical Investigation Results at Liquid Effluent Retention Facility, 

200 East Area, Hanford, Washington. 

 

Figure 10. Inferred Groundwater Flow in the LERF Area 
 

5 References 

00-GWVZ-065, 2000, “Notification of Specific Conductance Exceedance at the 200 East Area Liquid 

Effluent Retention Facility (LERF),” (Letter to Jane Hedges, Washington State Department of 

Ecology, from K. Michael Thompson), U.S. Department of Energy, Richland Operations Office, 

Richland, Washington, August 17. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D8433671.  

16-AMRP-0252, 2016, “Notification of Groundwater Sampling Results Exceeding Specific 

Conductance for the Liquid Effluent Retention Facility 2013 Monitoring Well Network Plan per 

40 CFR 365.93(2)(d)(1),” (Letter to Alexandra Smith, Washington State Department of Ecology, 

from Kevin W. Smith), U.S. Department of Energy, Office of River Protection, Richland, 

Washington, August 22. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0075370H.  

40 CFR 264, “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal 

Facilities,” Appendix IX, “Ground-Water Monitoring List,” Code of Federal Regulations. 

Available at: http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol25/xml/CFR-2010-title40-

vol25-part264-appIX.xml. 



DOE/RL-2016-71, REV. 0 

12 

DOE/RL-96-61, 1997, Hanford Site Background: Part 3, Groundwater Background, Rev. 0, 

U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=D197226378. 

DOE/RL-2011-01, 2011, Hanford Site Groundwater Monitoring Report for 2010, Rev. 0, 

U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at: 

http://www.hanford.gov/c.cfm/sgrp/GWRep10/html/start10.htm. 

ECF-Hanford-16-0015, 2016, Calculations of Critical Means for Calendar Year 2016 RCRA 

Groundwater Monitoring, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, 

Washington. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0076177H.  

ISO-986, 1967, B-Plant Phase III Flowsheets, Isochem Inc., Richland, Washington. Available at: 

http://pdw.hanford.gov/arpir/pdf.cfm?accession=D196129100. 

PNNL, 1999, “Groundwater Assessment Plan and Report for the 200 East Area Liquid Effluent Retention 

Facility,” (letter to K. Michael Thompson, U.S. Department of Energy, Richland Operations 

Office, from Ron M. Smith), Pacific Northwest National Laboratory, Richland, Washington, 

March 18. 

PNNL-15670, 2006, Hanford Site Groundwater Monitoring for Fiscal Year 2005, Pacific Northwest 

National Laboratory, Richland, Washington. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0084078. 

Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. Available at: 

https://elr.info/sites/default/files/docs/statutes/full/rcra.pdf. 

SD-WM-TI-260, 1986, Water Inflow Investigation at the 218-E-12A and 218-E-12B Burial Grounds, 

Rev. 0, Rockwell Hanford Operations, Richland, Washington. Available at: 

http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0082369H. 

SGW-52467, 2012, Integrated Surface Geophysical Investigation Results at Liquid Effluent Retention 

Facility, 200 East Area, Hanford, Washington, Rev. 0, CH2M HILL Plateau Remediation 

Company, Richland, Washington.  

WAC 173-303, “Dangerous Waste Regulations,” Washington Administrative Code, Olympia, 

Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303. 

173-303-600, “Final Facility Standards.” 

173-303-645, “Releases from Regulated Units.” 

WHC-SD-EN-TI-290, 1994, Geologic Setting of the Low-Level Burial Grounds, Rev. 0, Westinghouse 

Hanford Company, Richland, Washington. Available at: 

http://www.osti.gov/scitech/servlets/purl/10192359. 



DOE/RL-2016-71, REV. 0 

A-i 

Appendix A 

Notification of Groundwater Sampling Results Exceeding Specific 
Conductance for the Liquid Effluent Retention Facility (16-AMRP-0252 

letter dated August 22, 2016) 



DOE/RL-2016-71, REV. 0 

A-ii 

 

This page intentionally left blank.  

 



DOE/RL-2016-71, REV. 0 

A-1 

A1 Notification of Groundwater Sampling Results Exceeding Specific 

Conductance for the Liquid Effluent Retention Facility 

This appendix provides a copy of the August 22, 2016, notification letter from the U.S. Department of 

Energy (DOE) to the Washington State Department of Ecology (Ecology). The letter notified Ecology of 

specific conductance exceedance of the critical mean comparison value for the Liquid Effluent Retention 

Facility at downgradient well 299-E26-15. In accordance with WAC 173-303-645(9)(g)(vi)1, DOE stated 

split verification samples would be collected to determine if an analytical error had occurred. 

1 WAC 173-303-645, “Dangerous Waste Regulations,” “Releases from Regulated Units,” Washington Administrative

Code, Olympia, Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303. 
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Appendix B 

Groundwater Assessment Plan and Report for the 200 East Area Liquid 
Effluent Retention Facility (letter with attached report dated March 18, 1999) 
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B1 Groundwater Assessment Plan and Report for the 200 East Area 

Liquid Effluent Retention Facility 

This appendix provides a copy of the March 18, 1999, “Groundwater Assessment Plan and Report for 

the 200 East Area Liquid Effluent Retention Facility,” from Pacific Northwest National Laboratory to 

the U.S. Department of Energy. The plan and report were required under 40 CFR 265.93(a)1 due to an 

exceedance of the critical mean value for specific conductivity. The plan provides introductory 

information regarding the date of the exceedance, confirmation of the exceedance, and notification date 

of the exceedance to the Washington State Department of Ecology. The second chapter provides history 

of the hydraulic conditions at the Liquid Effluent Retention Facility (LERF). The third chapter provides 

the three lines of evidence used to demonstrate that the elevated specific conductance was not 

associated with LERF. Chapter 3 also provides the reason for the increasing groundwater specific 

conductivity and the corrective action for offsetting the natural increase of aqueous constituents back to 

natural conditions as influences from B-3 Pond decline. 

1 40 CFR 265.93, “Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, 
and Disposal Facilities,” “Preparation, Evaluation, and Response,” Code of Federal Regulations. Available at: 
http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol25/xml/CFR-2010-title40-vol25-sec265-93.xml. 
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Notification of Specific Conductance Exceedance at the 200 East Area 
Liquid Effluent Retention Facility (LERF) (00-GWVZ-065, letter dated 

August 17, 2008) 
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C1 Notification of Specific Conductance Exceedance at the 200 East Area 

Liquid Effluent Retention Facility (LERF) 

This appendix provides a copy of the August 17, 2000, notification letter from the U.S. Department of 

Energy to the Washington State Department of Ecology (Ecology). The letter notified Ecology of specific 

conductance exceedance of the critical mean comparison value for the Liquid Effluent Retention Facility 

at downgradient well 299-E26-10. The letter states that “increase in specific conductance is not attributed 

to the detection of contamination from the facility, but to changes in groundwater conditions as a result of 

closure of the 216-B-3 Pond System.” The letter fulfilled the reporting requirements of 

40 CFR 265.93(d)(1)1. 

1 40 CFR 265.93, “Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities,” “Preparation, Evaluation, and Response,” Code of Federal Regulations. Available at: 
http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol25/xml/CFR-2010-title40-vol25-sec265-93.xml. 
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