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Figure ES-1.  Hanford Site Groundwater Contaminant Plumes  
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• The plume areas for concentrations greater than 5 µg/L increased from 2013 to 2023 

(0.01 to 0.07 km2 [0.004 to 0.027 mi2], respectively), due to the average concentration 

at well 199-K-11, which increased to 7.65 µg/L in 2023 from 5.63 µg/L in 2022. 

Tritium in 100-KR 

• Tritium was detected at concentrations greater than the DWS of 20,000 pCi/L in 

seven of the 148 analyzed samples.  

• The plume areas decreased from 2013 to 2023 (0.02 to 0.01 km2 [0.008 to 

0.004 mi2], respectively) due to declining concentrations, suggesting continued 

radioactive decay and dispersion.  

100-NR Contaminant and Plume Summary 
Cr(VI), nitrate, strontium-90, total petroleum hydrocarbon-diesel, and tritium were 

monitored in 100-NR during 2023. 

Hexavalent Chromium in 100-NR 

• Cr(VI) during low-river stage was detected at concentrations greater than the State 

surface water quality standard of 10 µg/L in 12 of 40 analyzed samples. 

• All detected concentrations were less than the MTCA Method B (WAC-173-340-7204) 

value of 48 µg/L.  

• The low-river stage plume area decreased from 2013 to 2023 (0.44 to 0.40 km2 

[0.17 to 0.15 mi2], respectively). 

Nitrate in 100-NR 

• Nitrate was detected at concentrations greater than DWS of 45 mg/L in 45 of the 146 

analyzed samples.  

• The plume areas increased from 2013 to 2023 (0.49 to 0.73 km2 [0.19 to 0.28 mi2], 

respectively). 

• The plume increased primarily to the south and southeast (inland) due to elevated 

concentrations in well 199-N-28, which were likely associated with the low water level 

in that well during low-river stage. 

Strontium-90 in 100-NR 

• Strontium-90 was detected at concentrations greater than the DWS of 8 pCi/L in 97 

of 142 analyzed samples.  

• The plume areas increased from 2013 to 2023 (0.61 to 0.63 km2 [0.24 to 0.24 mi2], 

respectively) but was within the historical range of the plume area, which has ranged 

from 0.61 to 0.64 km2 (0.24 to 0.25 mi2) over the past 10 years.  



https://apps.leg.wa.gov/wac/default.aspx?cite=173-340
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• The plume areas decreased from 2013 to 2023 (0.03 to 0.02 km2 [0.012 to 

0.008 mi2], respectively), consistent with natural radiological decay. 

100-FR Contaminant and Plume Summary 
Cr(VI), nitrate, strontium-90, and TCE were monitored in 100-FR during 2023. 

Hexavalent Chromium in 100-FR 

• Cr(VI) was detected at concentrations greater than the CUL of 10 µg/L in 12 of 28 

analyzed samples. 

• All detected concentrations were less than the upland CUL of 48 µg/L.  

• The plume areas were stable from 2013 to 2023 (0.34 km2 [0.13 mi2]) but increased 

from 2022 (0.23 km2 [0.09 mi2]) due to a suspect concentration in well 199-F5-55. 

• October 2023 concentrations for wells 199-F5-4 and 199-F5-55 were flagged as 

suspect after the plume maps were finalized.  

Nitrate in 100-FR 

• Nitrate was detected at concentrations greater than CUL of 45 mg/L in 27 of the 57 

analyzed samples.  

• The plume decreased from 2013 to 2023 (9.3 to 6.2 km2 [3.59 to 2.39 mi2], 

respectively) but increased from 2022 (5.2 km2 [2.00 mi2]) due to elevated 

concentrations that correlated with low water table elevations.  

Strontium-90 in 100-FR 

• Strontium-90 was detected at concentrations greater than the CUL of 8 pCi/L in three 

of 21 analyzed samples.  

• The plume decreased from 2013 to 2023 (0.16 to 0.10 km2 [0.06 to 0.04 mi2], 

respectively).  

Trichloroethene in 100-FR 

• TCE was detected at concentrations greater than the CUL of 4 µg/L in 10 of 27 

analyzed samples.  

• The plumes increased from 2014 to 2023 (1.0 to 1.9 km2 [0.39 to 0.74 mi2], 

respectively) but decreased from 2022 (2.8 km2 [1.1 mi2]).  
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300-FF Contaminant and Plume Summary 
Nitrate, TCE, cis-1,2-dichloroethene (cis-1,2-DCE), tritium, and uranium were monitored 

in 300-FF during 2023. 

Nitrate in 300-FF 

• Nitrate was detected at concentrations greater than the CUL of 45 mg/L in 16 of 204 

analyzed samples representing contamination from offsite sources and in nine of 14 

analyzed samples for contamination originating from the 618-11 Burial Ground.  

• The plume area for the 618-11 Burial Ground increased from 2013 to 2023 (0.12 to 

0.33 km2 [0.05 to 0.13 mi2], respectively).  

• Elevated concentrations near the 618-11 Burial Ground are likely from a release from 

the burial ground.  

Trichloroethene and cis-1,2-Dichloroethene in 300-FF 

• TCE was detected at concentrations less than the CUL of 4 µg/L in 21 of 21 analyzed 

samples. 

• cis-1,2-DCE was detected at concentrations greater than the CUL of 16 µg/L in two 

of 19 analyzed samples.  

• A plume map was not generated for TCE because it was detected at concentrations 

below the CUL in all samples. 

• A plume map was not generated for cis-1,2-DCE because it was detected at a 

concentration greater than the CUL in only two samples from one well. 

Tritium in 300-FF 

• Tritium was detected at concentrations greater than the CUL of 20,000 pCi/L in 10 of 

29 analyzed samples for the 618-11 Burial Ground. Concentrations in five of the 10 

samples were 10 times the CUL.  

• All tritium concentrations from offsite sources for 300-FF were less than the CUL.  

• The plume increased from 2013 to 2023 (0.13 to 0.17 km2 [0.05 to 0.07 mi2]) but 

decreased from 2022 (0.24 km2 [0.09 mi2]).  

• The concentrations in well 699-13-3A (near the 618-11 Burial Ground, the source of 

tritium concentrations in 300-FF) have increased since 2019. 

Uranium in 300-FF 

• Uranium was detected at concentrations greater than the CUL of 30 µg/L in 41 of 180 

analyzed samples from the unconfined aquifer in 300-FF. 

• All detected concentrations were less than the CUL for samples for the 618-11 Burial 

Ground.  
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• The low-river stage plume decreased from 2013 to 2023 (0.50 to 0.18 km2 [0.19 to 

0.07 mi2], respectively); however, concentrations persist as a result of residual mobile 

uranium in the vadose zone and PRZ.  

1100-EM Contaminant and Plume Summary 
Nitrate and uranium were monitored in 1100-EM during 2023. 

Nitrate in 1100-EM 

• Nitrate was detected at concentrations greater than the DWS of 45 mg/L in nine of 

nine analyzed samples.  

• The nitrate plume area was stable compared to 2013.  

• The upland extent of the plume was undefined by current data.  

• Nitrate contamination likely migrated into the area from offsite industrial and 

agricultural uses. Agricultural uses include fertilizing irrigated fields west of 1100-EM.  

Uranium in 1100-EM 

• Uranium was detected at concentrations less than the DWS of 30 µg/L in 11 of 11 

analyzed samples.  

• A plume map was not developed for this constituent. 

Central Plateau 
A summary for each contaminant in Central Plateau GWIAs is presented in the following 

paragraphs. Each summary includes the number of samples greater than the comparison 

values in the GWIA and whether the associated plume areas increased, decreased, or 

were stable (i.e., similar square kilometer) compared to the 2013 plume areas.  

200-BP Contaminant and Plume Summary 
Iodine-129, nitrate, strontium-90, technetium-99, total cyanide, tritium, and uranium were 

monitored in 200-BP during 2023. 

Iodine-129 in 200-BP 

• Iodine-129 was detected at concentrations greater than the DWS of 1 pCi/L in 121 of 

252 analyzed samples.  

• The plume areas decreased from 2013 to 2023 (4.5 to 3.6 km2 [1.7 to 1.4 mi2], 

respectively). 

Nitrate in 200-BP 

• Nitrate was detected at concentrations greater than the DWS of 45 mg/L in 245 of 

344 analyzed samples; 22 of those samples were more than 10 times the DWS.  
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• The plume areas decreased from 2013 to 2023 (7.9 to 6.6 km2 [3.1 to 2.5 mi2], 

respectively). 

Strontium-90 in 200-BP 

• Strontium-90 was detected at concentrations greater than 10 times the DWS of 

8 pCi/L in six of 45 analyzed samples.  

• The plume areas decreased from 2013 to 2023 (0.60 to 0.31 km2 [0.23 to 0.12 mi2], 

respectively), consistent with natural radiological decay.  

Technetium-99 in 200-BP 

• Technetium-99 was detected at concentrations greater than the CUL of 900 pCi/L in 

127 of 302 analyzed samples; 45 of the 127 samples were more than 10 times the 

DWS.  

• The plume areas decreased from 2013 to 2023 (2.9 to 1.0 km2 [1.1 to 0.39 mi2]), but 

increased compared to 2022 (0.87 km2 [0.34 mi2]) due to shifts in concentrations in 

the northwestern portion of the B Complex plume associated with planned well 

realignments in 2023. 

Total Cyanide in 200-BP 

• Total cyanide was detected at concentrations greater than the DWS of 200 µg/L in 28 

of 222 analyzed samples.9,10  

• The plume area decreased from 2013 to 2023 (0.38 to 0.10 km2 [0.15 to 0.039 mi2], 

respectively). 

Tritium in 200-BP 

• Tritium was detected at concentrations greater than the DWS of 20,000 pCi/L in two 

of 251 analyzed samples.  

• The plume areas decreased from 2013 to 2023 (0.16 to 0.06 km2 [0.06 to 0.02 mi2], 

respectively) due to radiological decay and dispersion. 

 
9 The U.S. Environmental Protection Agency allows the use of the total cyanide method for screening; however, it is 
regulated as free cyanide, which has a DWS of 200 µg/L (EPA 2016). Total cyanide concentrations in 200-BP 
groundwater were higher than free cyanide concentrations. Free cyanide has an MTCA Method B 
(WAC 173-340-7204) value of 4.8 µg/L; therefore, only total cyanide groundwater concentrations were used for the 
200-BP groundwater plume maps. 

10 EPA. 2016. Cyanide Clarification of Free and Total Cyanide Analysis for Safe Drinking Water Act (SDWA) 
Compliance, EPA 815-B-16-012. U.S. Environmental Protection Agency, Washington, D.C. Available at: 
https://pdw.hanford.gov/document/0066067H. 

https://pdw.hanford.gov/document/0066067H
https://pdw.hanford.gov/document/0066067H
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Uranium in 200-BP 

• Uranium was detected at concentrations greater than the CUL of 30 µg/L in 36 of 340 

analyzed samples.  

• The plume areas decreased from 2013 to 2023 (0.51 to 0.14 km2 [0.20 to 0.05 mi2], 

respectively). 

200-PO Contaminant and Plume Summary 
Iodine-129, nitrate, strontium-90, technetium-99, tritium, and uranium were monitored in 

200-PO during 2023. 

Iodine-129 in 200-PO 

• Iodine-129 was detected at concentrations greater than the DWS of 1 pCi/L in 84 of 

140 analyzed samples; one of the 84 concentrations was greater than 10 times the 

DWS.  

• The plume areas decreased from 2013 to 2023 (52 to 34 km2 [20 to 13 mi2], 

respectively).  

• The far- and near-field plume split into two distinct plumes in 2023 as a result of 

concentrations dropping below the CUL in far-field wells. 

Nitrate in 200-PO 

• Nitrate was detected at concentrations greater than the DWS of 45 mg/L in 96 of 340 

analyzed samples.  

• A large portion of the plume extends southward from the 200-BP GWIA. 

• The plume areas increased from 2013 to 2023 (3.7 to 4.1 km2 [1.4 to 1.6 mi2], 

respectively).  

• The increase in the plume to the southeast (out of the 200 East Area) was due 

primarily to the increased concentration at well 699-37-47A. 

Strontium-90 in 200-PO 

• Strontium-90 was detected at concentrations greater than the DWS of 8 pCi/L in one 

of 91 analyzed samples.  

• A plume map was not generated for strontium-90 in this GWIA since only one result 

was greater than the DWS. 

Technetium-99 in 200-PO 

• Technetium-99 was detected at concentrations greater than the CUL of 900 pCi/L in 

31 of 108 analyzed samples; one of the 31 concentrations was greater than 10 times 

the CUL.  



DOE/RL-2023-54, REV. 0 

xv 

• The plume areas increased from 2013 to 2023 (0.03 to 0.59 km2 [0.01 to 0.23 mi2], 

respectively). The most notable increase occurred between 2019 and 2020 (0.14 km2 

to 0.4 km2 [0.05 to 0.15 mi2], respectively) as a result of new characterization 

information indicating the plume extended farther downgradient of the A-AX Tank 

Farms than previous interpretations. 

Tritium in 200-PO 

• Tritium was detected at concentrations greater than the DWS of 20,000 pCi/L in 21 of 

146 analyzed samples; two of the 21 concentrations were greater than 10 times the 

DWS.  

• The plume areas decreased from 2013 to 2023 (83 to 42 km2 [32 to 16 mi2], 

respectively), consistent with radiological decay and dispersion. 

Uranium in 200-PO 

• Uranium was detected at concentrations greater than the CUL of 30 µg/L in two of 

533 analyzed samples.  

• The uranium plume areas decreased from 2013 to 2023 (0.02 to 0.01 km2 [0.008 to 

0.004 mi2], respectively). 

200-UP Contaminant and Plume Summary 
Carbon tetrachloride, filtered total chromium, Cr(VI), iodine-129, nitrate, technetium-99, 

tritium, and uranium were monitored in 200-UP during 2023. 

Carbon Tetrachloride in 200-UP  

• Carbon tetrachloride was detected at concentrations greater than the CUL of 3.4 µg/L 

in 246 of 307 analyzed samples.  

• The plume is included in the 200-ZP plume area. 

Filtered Total Chromium in 200-UP 

• Filtered total chromium was detected at concentrations greater than the CUL of 

100 µg/L in 18 of 248 analyzed samples.  

• The plumes are located in 200-PO and 200-UP GWIAs. 

• The plume areas increased from 2013 to 2023 (0.37 to 3.0 km2 [0.14 to 1.2 mi2], 

respectively); the most notable increase occurred between 2016 and 2017 as a result 

of additional characterization performed. Since 2017, the filtered total chromium 

plume has been stable. 
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Hexavalent Chromium in 200-UP 

• Cr(VI) was detected at concentrations greater than the CUL of 48 µg/L in 30 of 202 

analyzed samples; two of the 30 concentrations were greater than 10 times the CUL.  

• The plumes in the 200-PO and 200-UP GWIAs increased from 2013 to 2023 (4.9 to 

11 km2 [1.9 to 4.2 mi2], respectively); the most notable increase occurred between 

2016 and 2017 as a result of additional characterization performed. Since 2017, the 

Cr(VI) plume has been stable. 

Iodine-129 in 200-UP 

• Iodine-129 was detected at concentrations greater than the CUL of 1 pCi/L in 28 of 

the 154 analyzed samples; two of the 28 concentrations were greater than 10 times 

the CUL.  

• The plume decreased from 2013 to 2023 (3.1 to 2.8 km2 [1.2 to 1.1 mi2], 

respectively). 

Nitrate in 200-UP 

• Nitrate was detected at concentrations greater than the CUL of 45 mg/L in 157 of 348 

analyzed samples.  

• The plume areas increased from 2013 to 2023 (5.8 to 7.9 km2 [2.2 to 3.1 mi2], 

respectively) due to the suspension of biological treatment for nitrate in 2019 (to 

support a 200‑ZP‑1 optimization study).  

Technetium-99 in 200-UP 

• Technetium-99 was detected at concentrations greater than the CUL of 900 pCi/L in 

49 of 209 analyzed samples; six of the 49 concentrations were greater than 10 times 

the CUL.  

• The plume areas decreased from 2013 to 2023 (0.29 to 0.15 km2 [0.11 to 0.058 mi2], 

respectively). 

• Since 2016, the plumes have been generally stable. 

Tritium in 200-UP 

• Tritium was detected at concentrations greater than the CUL of 20,000 pCi/L in 15 of 

133 analyzed samples.  

• The plume areas decreased from 2013 to 2023 (5.5 to 2.3 km2 [2.1 to 0.89 mi2], 

respectively) due to radiological decay and dispersion. 
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Uranium in 200-UP 

• Uranium was detected at concentrations greater than the CUL of 30 µg/L in 16 of 213 

analyzed samples; two of the 16 concentrations were greater than 10 times the CUL.  

• The plume area decreased from 2013 to 2023 (0.34 to 0.09 km2 [0.13 to 0.035 mi2], 

respectively). 

200-ZP Contaminant and Plume Summary 
Carbon tetrachloride, filtered total chromium, Cr(VI), cyanide, free cyanide, iodine-129, 

nitrate, technetium-99, TCE, and tritium were monitored in 200-ZP during 2023. 

Carbon Tetrachloride in 200-ZP 

• Carbon tetrachloride was detected at concentrations greater than the CUL of 3.4 µg/L 

in 310 of 374 analyzed samples; 219 of the 310 concentrations were greater than 10 

times the CUL; and 93 of the 310 concentrations were greater than 100 times the 

CUL.  

• The plume areas decreased from 2013 to 2023 (20 to 15 km2 [7.7 to 5.8 mi2], 

respectively). 

• The plumes for concentrations greater than 10 to 100 times the CUL changed as a 

result of using maximum (versus average) concentrations from extraction wells drilled 

in 2023.  

Filtered Total Chromium in 200-ZP 

• Filtered total chromium was detected at concentrations greater than the CUL of 

100 µg/L in two of 244 analyzed samples.  

• The plume areas increased from 2013 to 2023 (0.03 to 0.04 km2 [0.012 to 0.015 mi2], 

respectively).  

• The plume is located within the footprint of the Cr(VI) plume.  

• The filtered total chromium concentrations greater than the CUL correspond with 

elevated Cr(VI) concentrations.  

• The plume area has followed the trends in the Cr(VI) plume. 

Cr(VI) in 200-ZP 

• Cr(VI) was detected at concentrations greater than the CUL of 48 µg/L in 31 of 267 

analyzed samples.  

• The plume area increased from 2013 to 2023 (0.22 to 0.82 km2 [0.08 to 0.31 mi2], 

respectively) but decreased overall since 2019 (1.1 km2 [0.42 mi2]).  
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Total Cyanide in 200-ZP 

• Total cyanide was detected at concentrations greater than the DWS of 200 µg/L in 27 

of 161 analyzed samples.  

• A plume map was not generated for total cyanide in this GWIA. 

Free Cyanide in 200-ZP 

• Free cyanide was detected at concentrations greater than the MTCA Method B 

(WAC 173-340-7204) value of 4.8 µg/L in 12 of 161 analyzed samples.  

• A plume map was not generated for free cyanide in this GWIA. 

Iodine-129 in 200-ZP 

• Iodine-129 was detected at concentrations greater than the CUL of 1 pCi/L in five of 

214 analyzed samples.  

• The plume areas decreased from 2013 to 2023 (0.10 to 0.05 km2 [0.039 to 

0.019 mi2], respectively). 

Nitrate in 200-ZP 

• Nitrate was detected at concentrations greater than the CUL of 45 mg/L in 271 of 380 

analyzed samples.  

• The plume areas increased from 2013 to 2023 (9.8 to 13 km2 [3.8 to 5.0 mi2], 

respectively).  

• The plume has increased since 2019 (10 km2 [3.9 mi2]) due to elevated 

concentrations following suspension of biological treatment for nitrate to support a 

200‑ZP‑1 optimization study. 

Technetium-99 in 200-ZP 

• Technetium-99 was detected at concentrations greater than the CUL of 900 pCi/L in 

48 of 276 analyzed samples; three of the 48 concentrations were greater than 

10 times the CUL.  

• The plume areas increased from 2013 to 2023 (0.07 to 0.08 km2 [0.027 to 0.031 mi2], 

respectively). 

• The plumes have decreased since 2019 (0.12 km2 [0.046 mi2]). 

Trichloroethene in 200-ZP 

• TCE was detected at concentrations greater than the CUL of 1 µg/L in 129 of 321 

analyzed samples; eight of the 129 concentrations were greater than 10 times the 

CUL.  
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• The plume areas decreased from 2014 to 2023 (5.6 to 5.1 km2 [2.2 to 2.0 mi2], 

respectively). 

Tritium in 200-ZP 

• Tritium was detected at concentrations greater than the CUL of 20,000 pCi/L in seven 

of 247 analyzed samples.  

• The plume area decreased from 2013 to 2023 (0.46  to less than 0.01 km2 [0.18 to 

less than 0.004 mi2], respectively), due to radiological decay and dispersion. 

Geologic Framework 
No updates were made to the geologic framework models for any GWIA during the 

reporting year. 

  



DOE/RL-2023-54, REV. 0 

xx 

 

This page intentionally left blank. 



DOE/RL-2023-54, REV. 0 

xxi 
 

Contents 

1 Introduction..................................................................................................................................... 1-1 
1.1 Site Description ..................................................................................................................................... 1-1 

1.1.1 River Corridor ............................................................................................................................ 1-4 
1.1.2 Central Plateau ......................................................................................................................... 1-4 

1.2 Regulatory Background ......................................................................................................................... 1-4 
1.3 Report Conventions ............................................................................................................................... 1-9 
1.4 Report Overview .................................................................................................................................. 1-11 

1.4.1 Main Report ............................................................................................................................ 1-11 
1.4.2 Appendices  ............................................................................................................................. 1-11 

2 Environmental Site Setting............................................................................................................ 2-1 
2.1 River Corridor ........................................................................................................................................ 2-1 

2.1.1 Daily Average River Stage ........................................................................................................ 2-5 
2.2 Central Plateau ...................................................................................................................................... 2-5 

3 Groundwater Monitoring Activities .............................................................................................. 3-1 
3.1 Water-Level Monitoring Activities .......................................................................................................... 3-3 
3.2 Changes in Groundwater Networks ....................................................................................................... 3-4 
3.3 Groundwater Sampling Events and Deviations ................................................................................... 3-19 

3.3.1 2023 River Corridor Sampling Locations ................................................................................ 3-21 
3.3.2 2023 Central Plateau Sampling Locations .............................................................................. 3-38 

3.4 Shoreline Monitoring ............................................................................................................................ 3-47 
3.5 Quality Assurance/Quality Control ....................................................................................................... 3-47 

4 Groundwater Monitoring Results ................................................................................................. 4-1 
4.1 2023 Sampling Results and Comparison to Previous Years ................................................................. 4-1 

4.1.1 River Corridor Sampling Results and Comparison Summary ................................................... 4-1 
4.1.2 Central Plateau Sampling Results and Comparison Summary ............................................... 4-92 

5 Groundwater Plume Evaluation .................................................................................................... 5-1 
5.1 River Corridor Plume Evaluation ........................................................................................................... 5-2 

5.1.1 100-BC Groundwater Interest Area ........................................................................................... 5-2 
5.1.2 100-KR Groundwater Interest Area ........................................................................................... 5-4 
5.1.3 100-NR Groundwater Interest Area .......................................................................................... 5-6 
5.1.4 100-HR Groundwater Interest Area .......................................................................................... 5-8 
5.1.5 100-FR Groundwater Interest Area ......................................................................................... 5-10 
5.1.6 300-FF Groundwater Interest Area ......................................................................................... 5-11 
5.1.7 1100-EM Groundwater Interest Area ...................................................................................... 5-12 

5.2 Central Plateau Plume Evaluation ....................................................................................................... 5-13 
5.2.1 200-BP Groundwater Interest Area ......................................................................................... 5-13 
5.2.2 200-PO Groundwater Interest Area ........................................................................................ 5-14 
5.2.3 200-UP Groundwater Interest Area ......................................................................................... 5-16 
5.2.4 200-ZP Groundwater Interest Area ......................................................................................... 5-17 



DOE/RL-2023-54, REV. 0 

xxii 
 

6 Conclusions .................................................................................................................................... 6-1 
6.1 River Corridor Summary ........................................................................................................................ 6-1 

6.1.1 Maximum Concentrations ......................................................................................................... 6-1 
6.1.2 Contaminant Plumes ................................................................................................................. 6-2 
6.1.3 Geologic Framework ................................................................................................................. 6-3 

6.2 Central Plateau Summary...................................................................................................................... 6-3 
6.2.1 Maximum Concentrations ......................................................................................................... 6-3 
6.2.2 Contaminant Plumes ................................................................................................................. 6-4 
6.2.3 Geologic Framework ................................................................................................................. 6-5 

7 References ...................................................................................................................................... 7-1 

Appendices 

A Atomic Energy Act Annual Dose Assessment Report ............................................................... A-i 
B 2023 Groundwater Monitoring Location E-scale Maps .............................................................. B-i 
C Dry Well Predictions for the Central Plateau ............................................................................... C-i 
D Groundwater Sampling Datasets for 2021, 2022, and 2023 ....................................................... D-i 
E Sampling Deviations ....................................................................................................................... E-i 
F Groundwater Monitoring Data Usability Assessment ................................................................. F-i 
G Calculation and Depiction of Groundwater Contamination for the Calendar 

Year 2024 Hanford Site Groundwater Monitoring Report  ......................................................... G-i 
H Water Table Environmental Calculation File ............................................................................... H-i 
I Well Maintenance ............................................................................................................................. I-i 
J Annual 100 Area Pump and Treat Operations and Maintenance Report ................................... J-i 
K Annual 200 Area Pump and Treat Operations and Maintenance Report .................................. K-i 

Figures 

Figure 1-1. Hanford Site Central Plateau and River Corridor ................................................................ 1-2 
Figure 1-2. Hanford Site Location Map and Groundwater Interest Areas ............................................. 1-3 
Figure 2-1. Location of Gable Butte and Gable Mountain on the Hanford Site ..................................... 2-2 
Figure 2-2. River Corridor Geology ........................................................................................................ 2-4 
Figure 2-3. Daily Average River Stage from 2014 Through 2023 ......................................................... 2-5 
Figure 2-4. Central Plateau Geology ..................................................................................................... 2-6 
Figure 3-1. Sitewide Water-Level Elevations, March 2023.................................................................... 3-5 
Figure 3-2. 100-BC Water-Level Elevations, March 2023 ..................................................................... 3-6 
Figure 3-3. 100-KR Water-Level Elevations, March 2023 ..................................................................... 3-7 
Figure 3-4. 100-NR Water-Level Elevations, March 2023 ..................................................................... 3-8 
Figure 3-5. 100-HR-D Water-Level Elevations, March 2023 ................................................................. 3-9 
Figure 3-6. 100-HR-H Water-Level Elevations, March 2023 ............................................................... 3-10 
Figure 3-7. 100-HR RUM-2 Aquifer Potentiometric Surface Map, March 2023 .................................. 3-11 
Figure 3-8. 100-FR Water-Level Elevations, March 2023 ................................................................... 3-12 



DOE/RL-2023-54, REV. 0 

xxiii 
 

Figure 3-9. 300-FF Water-Level Elevations, March 2023.................................................................... 3-13 
Figure 3-10. 1100-EM Water-Level Elevations, March 2023 ................................................................ 3-14 
Figure 3-11. 200 East Water-Level Elevations, March 2023 ................................................................. 3-15 
Figure 3-12. 200 West Water-Level Elevations, March 2023 ................................................................ 3-16 
Figure 3-13. 100-BC Sampling Locations, 2023 .................................................................................... 3-23 
Figure 3-14. 100-KR Sampling Locations, 2023 .................................................................................... 3-25 
Figure 3-15. 100-NR Sampling Locations, 2023 ................................................................................... 3-27 
Figure 3-16. 100-HR-D Sampling Locations, 2023 ................................................................................ 3-29 
Figure 3-17. 100-HR-H Sampling Locations, 2023 ................................................................................ 3-31 
Figure 3-18. 100-FR Sampling Locations, 2023 .................................................................................... 3-33 
Figure 3-19. 300-FF Sampling Locations, 2023 .................................................................................... 3-35 
Figure 3-20. 1100-EM Sampling Locations, 2023 ................................................................................. 3-37 
Figure 3-21. 200-BP Sampling Locations, 2023 .................................................................................... 3-40 
Figure 3-22. 200-PO Sampling Locations, 2023 ................................................................................... 3-42 
Figure 3-23. 200-UP Sampling Locations, 2023 .................................................................................... 3-44 
Figure 3-24. 200-ZP Sampling Locations, 2023 .................................................................................... 3-46 
Figure 4-1. 100-BC Cr(VI) Plume in Upper and Lower Unconfined Aquifers, 2023 .............................. 4-8 
Figure 4-2. 100-BC Cr(VI) Concentrations in Wells in the Upper Unconfined Aquifer Plume ............... 4-9 
Figure 4-3. 100-BC Cr(VI) Concentrations in Wells in the Nearshore Lower Unconfined 

Aquifer Plume ...................................................................................................................... 4-9 
Figure 4-4. 100-BC Cr(VI) Concentrations in Wells in the Inland Lower Unconfined 

Aquifer Plume .................................................................................................................... 4-10 
Figure 4-5. 100-BC Strontium-90 Plume, 2023 ................................................................................... 4-11 
Figure 4-6. 100-BC Strontium-90 Concentrations in Wells Within the Plume ..................................... 4-12 
Figure 4-7. 100-BC Strontium-90 Concentrations and the Daily Average River Stage 

in Well 199-B3-46 .............................................................................................................. 4-12 
Figure 4-8. 100-BC Highest Strontium-90 Concentrations in Aquifer Tubes ...................................... 4-13 
Figure 4-9. 100-BC TCE Sample Locations, 2023 .............................................................................. 4-14 
Figure 4-10. 100-BC TCE Concentrations in Select Lower Unconfined Wells 

from 2013 Through 2023 ................................................................................................... 4-15 
Figure 4-11. 100-BC Tritium Sample Locations, 2023 .......................................................................... 4-16 
Figure 4-12. 100-BC Tritium Groundwater Concentrations ................................................................... 4-17 
Figure 4-13. 100-KR Carbon-14 Plumes, 2023 ..................................................................................... 4-18 
Figure 4-14. 100-KR Carbon-14 Concentrations for Wells Downgradient of the 116-KW-1 Gas 

Condensate Crib ............................................................................................................... 4-19 
Figure 4-15. 100-KR Cr(VI) Plumes in K East and K West Vicinity (Low-River Stage), 2023 ............... 4-21 
Figure 4-16. 100-KR Cr(VI) Plumes in 116-K-2 Trench (K North and 100-K/N Boundary 

Low-River Stage), 2023..................................................................................................... 4-22 
Figure 4-17. 100-KR Cr(VI) Groundwater Concentrations in Wells Near 

the 183.1KE Headhouse Soil Flushing Activities .............................................................. 4-23 
Figure 4-18. 100-KR Cr(VI) Groundwater Concentrations for AT-K-1-D and 

Proximate Monitoring Wells............................................................................................... 4-23 
Figure 4-19. 100-KR Nitrate Plumes, 2023 ........................................................................................... 4-25 
Figure 4-20. 100-KR Strontium-90 Plumes, 2023 ................................................................................. 4-27 



DOE/RL-2023-54, REV. 0 

xxiv 
 

Figure 4-21. 100-KR Strontium-90 Concentrations and Water Level Elevations 
in Well 199-K-222 .............................................................................................................. 4-28 

Figure 4-22. 100-KR Strontium-90 Concentrations in Wells Upgradient and Downgradient 
of the 116-KE-3 Crib and UPR-100-K-1 ............................................................................ 4-28 

Figure 4-23. 100-KR Tritium Plume, 2023 ............................................................................................. 4-30 
Figure 4-24. 100-KR Tritium Concentrations in Wells Northeast of 118-K-1 Burial Ground 

and 100-K-132 Waste Site ................................................................................................ 4-31 
Figure 4-25. 100-KR TCE Plume, 2023 ................................................................................................. 4-32 
Figure 4-26. 100-NR Cr(VI) Plumes (Low-River Stage), 2023 .............................................................. 4-34 
Figure 4-27. 100-NR Maximum Cr(VI) Concentrations Bounding the Upgradient Plume ..................... 4-35 
Figure 4-28. 100-NR Nitrate Plume, 2023 ............................................................................................. 4-36 
Figure 4-29. 100-NR Nitrate Concentrations in Wells Downgradient of the 116-N-1 Trench ................ 4-37 
Figure 4-30. 100-NR Nitrate Concentrations in Wells Downgradient of the 116-N-3 Trench ................ 4-37 
Figure 4-31. 100-NR Nitrate Concentrations and Water Levels in Well 199-N-28 ................................ 4-38 
Figure 4-32. 100-NR Nitrate Concentrations in Unconfined Aquifer Wells 

199-N-2 and 199-N-103A .................................................................................................. 4-38 
Figure 4-33. 100-NR Nitrate Concentrations for Wells Downgradient of the 120-N-1 Waste Site ........ 4-39 
Figure 4-34. 100-NR Strontium-90 Plume, 2023 ................................................................................... 4-40 
Figure 4-35. 100-NR Strontium-90 Concentrations in Wells 199-N-67 and 199-N-187 ........................ 4-41 
Figure 4-36. 100-NR Strontium-90 Concentrations and Water Level Elevations 

in Well 199-N-374 .............................................................................................................. 4-41 
Figure 4-37. 100-NR Strontium-90 Concentrations and Water Level Elevations 

in Wells Near the 116-N-1 Trench ..................................................................................... 4-42 
Figure 4-38. 100-NR Strontium-90 Concentrations in Aquifer Tube Cluster 

C7934/C7935/C7936 and Well 199-N-374 ....................................................................... 4-42 
Figure 4-39. 100-NR Strontium-90 Concentrations in Wells and Aquifer Tubes 

Within or Bounding the Plume Downgradient from the N Reactor .................................... 4-43 
Figure 4-40. 100-NR TPH-D Plume, 2023 ............................................................................................. 4-44 
Figure 4-41. 100-NR TPH-D Concentrations for Wells in the Center of the Plume .............................. 4-45 
Figure 4-42. 100-NR TPH-D and Dissolved Oxygen Concentrations in Well 199-N-169 ..................... 4-45 
Figure 4-43. 100-NR TPH-D and Dissolved Oxygen Concentrations in Well 199-N-171 ..................... 4-46 
Figure 4-44. 100-NR Tritium Plume, 2023 ............................................................................................. 4-47 
Figure 4-45. 100-NR Tritium Concentrations in Wells and Aquifer Tubes 

In and Around the Plume................................................................................................... 4-48 
Figure 4-46.  100-NR Tritium Concentrations in Well 199-N-374 and Aquifer Tube C7934 .................. 4-48 
Figure 4-47. 100-NR Tritium Concentrations and Water Level Elevations in Well 199-N-374 .............. 4-49 
Figure 4-48. 100-HR-D Cr(VI) Unconfined Aquifer Plumes (Low-River Stage), 2023 .......................... 4-51 
Figure 4-49. 100-HR Cr(VI) RUM-2 Aquifer Plumes with Potentiometric 

Surface Contours, 2023 .................................................................................................... 4-52 
Figure 4-50. 100-HR-D Cr(VI) and Filtered Total Chromium in Wells Near 

the 100-D South Subarea Rebound Study........................................................................ 4-53 
Figure 4-51. 100-HR-D Cr(VI) Concentrations in Wells Within the Western 

RUM-2 Aquifer Plume ....................................................................................................... 4-53 
Figure 4-52. 100-HR Filtered Total Chromium Plumes in the RUM-2 Aquifer, 2023 ............................ 4-55 
Figure 4-53. 100-HR-H Cr(VI) Plumes (Low-River Stage), 2023 .......................................................... 4-58 



DOE/RL-2023-54, REV. 0 

xxv 
 

Figure 4-54. 100-HR-H Cr(VI) Plume Closeup of the 116-H-6, 183-H Solar Evaporation 
Basins and 116-H-7 Retention Basin Region (Low-River Stage), 2023 ........................... 4-59 

Figure 4-55. 100-HR-H Cr(VI) and Water Level Elevations in Wells 199-H4-84 
and 199-H4-88 .................................................................................................................. 4-60 

Figure 4-56. 100-HR-H RUM-2 Aquifer Cr(VI) Plumes (Low-River Stage), 2023 ................................. 4-60 
Figure 4-57. 100-HR-H Nitrate Plume in the Unconfined Aquifer and RUM-2 Aquifer, 2023 ................ 4-62 
Figure 4-58. 100-HR-H Nitrate Concentrations in RUM-2 Aquifer Well 199-H3-13 .............................. 4-63 
Figure 4-59. 100-HR-H Strontium-90 Plume, 2023 ............................................................................... 4-64 
Figure 4-60. 100-HR-H Strontium-90 Concentrations in Wells Within and Downgradient 

of the Plume ...................................................................................................................... 4-65 
Figure 4-61. 100-FR Cr(VI) Plumes, 2023 ............................................................................................. 4-67 
Figure 4-62. 100-FR Wells with Highest 2023 Average Cr(VI) Concentration ...................................... 4-68 
Figure 4-63. 100-FR Cr(VI) Concentrations in Aquifer Tubes Downgradient of Plume ........................ 4-68 
Figure 4-64. 100-FR Cr(VI) Concentrations and Water Levels in Well 199-F5-45 ................................ 4-69 
Figure 4-65. 100-FR Cr(VI) Concentrations in 199-F5-55 and 199-F5-4 .............................................. 4-69 
Figure 4-66. 100-FR Nitrate Plume, 2023.............................................................................................. 4-71 
Figure 4-67. 100-FR Nitrate Concentrations in Wells 699-71-30C, 699-71-34, and 699-75-34B ......... 4-72 
Figure 4-68. 100-FR Nitrate Concentrations and Water Levels in Well 199-F5-56 ............................... 4-72 
Figure 4-69. 100-FR Nitrate Concentrations and Water Level Elevations in Well 699-71-34 ............... 4-73 
Figure 4-70. 100-FR Strontium-90 Plume, 2023 ................................................................................... 4-74 
Figure 4-71. 100-FR Strontium-90 Concentrations and Water Levels in Well 199-F5-56 ..................... 4-75 
Figure 4-72. 100-FR Strontium-90 Concentrations in Wells in the Eastern Plume ............................... 4-75 
Figure 4-73. 100-FR TCE Plumes, 2023 ............................................................................................... 4-77 
Figure 4-74. 100-FR TCE Concentrations in Wells Downgradient of the Southwestern Plume ........... 4-78 
Figure 4-75. 100-FR TCE Concentrations in Wells in the Southwestern Plume ................................... 4-78 
Figure 4-76. 100-FR TCE Concentrations in the Wells Within and Downgradient 

of the 100-FR Northeastern Plume ................................................................................... 4-79 
Figure 4-77. 300-FF 618-11 Nitrate Plume, 2023 .................................................................................. 4-80 
Figure 4-78. 300-FF Nitrate Concentrations in Wells Downgradient of the 618-11 Burial Ground ....... 4-81 
Figure 4-79. 300-FF TCE Concentrations in Well 399-1-16B Downgradient 

of the 300 Area Process Trenches and North Process Pond ........................................... 4-82 
Figure 4-80. 300-FF cis-1,2-DCE Concentrations in Well 399-1-16B Downgradient 

of the 300 Area Process Trenches and North Process Pond ........................................... 4-82 
Figure 4-81. 300-FF Tritium Plume, 2023.............................................................................................. 4-84 
Figure 4-82. 300-FF Tritium Concentrations in Wells Downgradient of the 618-11 Burial Ground ....... 4-85 
Figure 4-83. 300-FF Uranium Plume (Low-River Stage), 2023 ............................................................. 4-87 
Figure 4-84. 300-FF Uranium Concentrations in Wells Downgradient of the 618-7 Burial Ground ...... 4-88 
Figure 4-85. 300-FF Uranium Concentrations and Water Levels in Wells Near 

the Former 618-10 Burial Ground and 316-4 Crib ............................................................ 4-88 
Figure 4-86. 300-FF Uranium and Water Level Elevations in Well 399-1-62 ........................................ 4-89 
Figure 4-87. 1100-EM Offsite Nitrate Plume, 2023 ............................................................................... 4-90 
Figure 4-88. 1100-EM Nitrate Concentrations in Wells Downgradient of the 

DOE Horn Rapids Landfill ................................................................................................. 4-91 



DOE/RL-2023-54, REV. 0 

xxvi 
 

Figure 4-89. 1100-EM Nitrate Concentrations in Wells Northeast of the 
DOE Horn Rapids Landfill ................................................................................................. 4-91 

Figure 4-90. 1100-EM Uranium Concentrations in Wells Downgradient of Framatome 
and Inactive DOE Horn Rapids Landfill ............................................................................. 4-92 

Figure 4-91. 200-BP Total Cyanide Plume, 2023 .................................................................................. 4-95 
Figure 4-92. 200-BP Total Cyanide Concentrations in Wells Within the Plume .................................... 4-96 
Figure 4-93. 200-BP Iodine-129 Plume, 2023 ....................................................................................... 4-97 
Figure 4-94. 200-BP Iodine-129 Concentration Trends in WMA C Wells ............................................. 4-99 
Figure 4-95. 200-BP Nitrate Plumes, 2023 .......................................................................................... 4-102 
Figure 4-96. 200-BP Nitrate Concentrations in Wells Near B Complex .............................................. 4-103 
Figure 4-97. 200-BP Nitrate Concentrations in Wells Near Liquid Effluent Retention Facility ............ 4-103 
Figure 4-98. 200-BP Nitrate Concentrations in Wells Near 216-B-2 Ditches ...................................... 4-104 
Figure 4-99. 200-BP Nitrate Concentrations in Wells at the Former Gable Mountain Pond ............... 4-104 
Figure 4-100. 200-BP Nitrate Concentrations in Wells Near B Plant .................................................... 4-105 
Figure 4-101. 200-BP Nitrate Concentrations in Wells West of WMA C ............................................... 4-105 
Figure 4-102. 200-BP Nitrate Concentrations in Wells Near WMA C ................................................... 4-106 
Figure 4-103. 200-BP Strontium-90 Plumes, 2023 ................................................................................ 4-107 
Figure 4-104. 200-BP Strontium-90 Concentrations in Wells at the 

Former Gable Mountain Pond ......................................................................................... 4-108 
Figure 4-105. 200-BP Strontium-90 Concentrations in Wells Near the Former 

216-B-5 Reverse Well ..................................................................................................... 4-108 
Figure 4-106. 200-BP Technetium-99 Plumes, 2023 ............................................................................ 4-110 
Figure 4-107. 200-BP Technetium-99 Concentrations in Wells Near Northern Portion 

of 200 East and Southern Portion of Gable Gap ............................................................ 4-111 
Figure 4-108. 200-BP Technetium-99 Concentrations Greater Than 10 Times the CUL 

in B Complex Wells ......................................................................................................... 4-111 
Figure 4-109. 200-BP Technetium-99 Concentrations in Wells Near C Tank Farm ............................. 4-112 
Figure 4-110. 200-BP Tritium Plume, 2023 ........................................................................................... 4-114 
Figure 4-111. 200-BP Tritium Concentrations in B Plant Wells ............................................................. 4-115 
Figure 4-112. 200-BP Uranium Plumes, 2023 ....................................................................................... 4-116 
Figure 4-113. 200-BP Uranium Concentrations in B Complex Wells .................................................... 4-117 
Figure 4-114. 200-BP Uranium Concentrations in the 216-B-5 Reverse Well ...................................... 4-117 
Figure 4-115. 200-BP Uranium Concentrations in B Plant Wells .......................................................... 4-118 
Figure 4-116. 200-PO Near-Field Iodine-129 Plume, 2023 ................................................................... 4-120 
Figure 4-117. 200-PO Far-Field Iodine-129 Plume, 2023 ..................................................................... 4-121 
Figure 4-118. 200-PO Iodine-129 Concentrations in Wells at the North End of 216-A-29 Ditch .......... 4-122 
Figure 4-119. 200-PO Iodine-129 Concentrations in Wells Near the 216-A-10 Crib ............................ 4-122 
Figure 4-120. 200-PO Iodine-129 Concentrations in Far-Field Wells ................................................... 4-123 
Figure 4-121. 200-PO Nitrate Plumes, 2023 ......................................................................................... 4-124 
Figure 4-122. 200-PO Nitrate Concentrations in Main Plume Wells ..................................................... 4-124 
Figure 4-123. 200-PO Nitrate Concentrations in Wells Near the 216-A-37-1 Crib ................................ 4-125 
Figure 4-124. 200-PO Nitrate Concentrations for Piezometers 299-E25-32P 

(Upper Unconfined) and 299-E25-32Q (Lower Unconfined) ........................................... 4-125 



DOE/RL-2023-54, REV. 0 

xxvii 
 

Figure 4-125. 200-PO Strontium-90 Concentrations in Wells Near 216-A-36B Crib ............................ 4-126 
Figure 4-126. 200-PO Technetium-99 Plumes in the Upper and Lower 

Unconfined Aquifer, 2023 ................................................................................................ 4-128 
Figure 4-127. 200-PO Technetium-99 Concentrations and Plume Map in the Upper 

Unconfined Aquifer at WMA A-AX .................................................................................. 4-129 
Figure 4-128. 200-PO Near-Field Tritium Plumes, 2023 ....................................................................... 4-132 
Figure 4-129. 200-PO Far-Field Tritium Plume, 2023 ........................................................................... 4-133 
Figure 4-130. 200-PO Tritium Concentrations in Wells Near the 216-A-5 and 216-A-10 Cribs ............ 4-134 
Figure 4-131. 200-PO Tritium Concentrations in Wells Monitoring 216-A-37-1 Crib ............................ 4-134 
Figure 4-132. 200-PO Tritium Concentrations in Select Far-Field Wells .............................................. 4-135 
Figure 4-133. 200-PO Uranium Concentrations in Wells Near PUREX ................................................ 4-136 
Figure 4-134. 200-UP Carbon Tetrachloride Plume, 2023 .................................................................... 4-138 
Figure 4-135. 200-UP Filtered Total Chromium Plumes Near WMA S-SX, REDOX Plant, 

and 216-S-10 Pond, 2023 ............................................................................................... 4-140 
Figure 4-136. 200-UP Southeast Filtered Total Chromium Plume, 2023 .............................................. 4-141 
Figure 4-137. 200-UP Filtered Total Chromium and Cr(VI) Concentrations in Select 

WMA S-SX Wells ............................................................................................................ 4-142 
Figure 4-138. 200-UP Chromium Concentrations in Well 299-W26-13 Near the 

216-S-10 and 216-S-11 Ponds ....................................................................................... 4-142 
Figure 4-139. 200-UP Cr(VI) Plumes Near WMA S-SX, REDOX Plant, 

and 216-S-10 Pond, 2023 ............................................................................................... 4-144 
Figure 4-140. 200-UP Southeast Cr(VI) Plume, 2023 ........................................................................... 4-145 
Figure 4-141. 200-UP Iodine-129 Plume, 2023 ..................................................................................... 4-146 
Figure 4-142. 200‑UP Wells with Recent Iodine-129 Concentrations Greater Than 

the Cleanup Level ........................................................................................................... 4-147 
Figure 4-143. 200-UP Nitrate Plumes, 2023 ......................................................................................... 4-148 
Figure 4-144. 200-UP Wells with Nitrate Concentrations Greater Than 10 Times 

the Cleanup Level ........................................................................................................... 4-149 
Figure 4-145. 200-UP Nitrate Concentrations in Wells Near WMA U ................................................... 4-149 
Figure 4-146. 200-UP Technetium-99 Plumes, 2023 ............................................................................ 4-151 
Figure 4-147. 200-UP Technetium-99 Concentrations in Wells Near WMA S-SX, 2013 – 2023 .......... 4-153 
Figure 4-148. 200-UP Technetium-99 Concentrations in Wells Near WMA U 

and U Plant, 2013 – 2023................................................................................................ 4-154 
Figure 4-149. 200-UP Tritium Plumes, 2023 ......................................................................................... 4-156 
Figure 4-150. 200-UP Uranium Plume, 2023 ........................................................................................ 4-158 
Figure 4-151. 200-UP Uranium Concentration Trends in Wells Near the U Plant, 2013 – 2023 ........... 4-159 
Figure 4-152. 200-UP Carbon Tetrachloride Plume, 2023 .................................................................... 4-162 
Figure 4-153. 200-ZP Carbon Tetrachloride Concentration Trends in Select 

Monitoring Wells, 2013 – 2023 ........................................................................................ 4-163 
Figure 4-154. Depth-Discrete Carbon Tetrachloride Concentrations Collected from 

200-ZP Boreholes During Drilling, 2023 .......................................................................... 4-164 
Figure 4-155. 200-ZP Filtered Total Chromium Plume, 2023 ............................................................... 4-166 
Figure 4-156. 200-ZP Cr(VI) Plumes, 2023 ........................................................................................... 4-168 
Figure 4-157. 200-ZP Cr(VI) Concentration Trends in Select Monitoring Wells, 2013 – 2023 ............. 4-169 



DOE/RL-2023-54, REV. 0 

xxviii 
 

Figure 4-158. 200-ZP Total and Free Cyanide Concentrations in Well 299-W10-26 ............................ 4-172 
Figure 4-159. 200-ZP Total and Free Cyanide Concentrations in Well 299-W14-18 ............................ 4-172 
Figure 4-160. 200-ZP Iodine-129 Plumes, 2023 ................................................................................... 4-174 
Figure 4-161. 200-ZP Nitrate Plume, 2023 ............................................................................................ 4-175 
Figure 4-162. 200-ZP Nitrate Concentrations in Wells 299-W10-28 and 299-W14-18 ......................... 4-176 
Figure 4-163. 200-ZP Technetium-99 Plumes, 2023 ............................................................................ 4-177 
Figure 4-164. 200-ZP Technetium-99 Concentration Trends in Wells Near WMA T 

and WMA TX-TY, 2013 – 2023 ....................................................................................... 4-179 
Figure 4-165. 200-ZP TCE Plumes, 2023 ............................................................................................. 4-182 
Figure 4-166. 200-ZP Tritium Plume, 2023 ........................................................................................... 4-184 
Figure 4-167. 200-ZP Tritium Concentrations in Wells Monitoring the State-Approved 

Land Disposal Site .......................................................................................................... 4-185 
Figure 5-1.  River Corridor Plume Area, 2023 ........................................................................................ 5-1 
Figure 5-2. Central Plateau Plume Area, 2023 ...................................................................................... 5-2 
Figure 5-3. 100-BC Plume Area Temporal Trends, 2013 – 2023 .......................................................... 5-3 
Figure 5-4. 100-KR Plume Area Temporal Trends for Cr(VI) and Filtered 

Total Chromium, 2013 – 2023 ............................................................................................. 5-5 
Figure 5-5. 100-KR Plume Area Temporal Trends for Carbon-14, Nitrate, Strontium-90, TCE, and 

Tritium, 2013 – 2023 ........................................................................................................... 5-5 
Figure 5-6. 100-NR Plume Area Temporal Trends, 2013 – 2023 ......................................................... 5-8 
Figure 5-7. 100-HR Plume Area Temporal Trends, 2013 – 2023 ......................................................... 5-9 
Figure 5-8. 100-FR Plume Area Temporal Trends, 2013 – 2023 ........................................................ 5-11 
Figure 5-9. 300-FF Plume Area Temporal Trends, 2013 – 2023 ........................................................ 5-12 
Figure 5-10. 200-BP Plume Area Temporal Trends, 2013 – 2023 ........................................................ 5-14 
Figure 5-11. 200-PO Plume Area Temporal Trends, 2013 – 2023 ....................................................... 5-15 
Figure 5-12. 200-UP Plume Area Temporal Trends, 2013 – 2023 ........................................................ 5-17 
Figure 5-13. 200-ZP and 200-UP Plume Area Temporal Trends for Carbon Tetrachloride 

and TCE, 2013 – 2023 ...................................................................................................... 5-19 
Figure 5-14. 200-ZP Plume Area Temporal Trends for Cr(VI) and Filtered Total 

Chromium, 2013 – 2023 .................................................................................................... 5-19 
Figure 5-15. 200-ZP Plume Area Temporal Trends for Iodine-129, Technetium-99, 

and Tritium, 2013 – 2023 .................................................................................................. 5-20 
Figure 5-16. 200-ZP Plume Area Temporal Trends for Nitrate, 2013 – 2023 ....................................... 5-20 

Tables 

Table 1-1. Summary of CERCLA Groundwater Regulatory Status ...................................................... 1-5 
Table 2-1.  Physical Setting References ............................................................................................... 2-3 
Table 3-1. Groundwater Well and Aquifer Tube Sampling Summary for 2023 .................................... 3-1 
Table 3-2. Summary of Sample Types, Collection Purposes, and Study Types in 2023 ..................... 3-2 
Table 3-3. Wells Installed or Decommissioned in 2023 ..................................................................... 3-17 
Table 3-4. Applicable Monitoring Documents ..................................................................................... 3-19 
Table 3-5. 100-BC Sampling Locations, 2023 .................................................................................... 3-22 
Table 3-6. 100-KR Sampling Locations, 2023 .................................................................................... 3-24 



DOE/RL-2023-54, REV. 0 

xxix 
 

Table 3-7. 100-NR Sampling Locations, 2023 ................................................................................... 3-26 
Table 3-8. 100-HR-D Sampling Locations, 2023 ................................................................................ 3-28 
Table 3-9. 100-HR-H Sampling Locations, 2023 ................................................................................ 3-30 
Table 3-10. 100-FR Sampling Locations, 2023 .................................................................................... 3-32 
Table 3-11. 300-FF Sampling Locations, 2023 .................................................................................... 3-34 
Table 3-12. 1100-EM and Offsite Sampling Locations, 2023 ............................................................... 3-36 
Table 3-13. 200-BP Sampling Locations, 2023 .................................................................................... 3-38 
Table 3-14. 200-PO Sampling Locations, 2023 ................................................................................... 3-41 
Table 3-15. 200-UP Sampling Locations, 2023 .................................................................................... 3-43 
Table 3-16. 200-ZP Sampling Locations, 2023 .................................................................................... 3-45 
Table 4-1. Maximum Detected Concentrations in Groundwater Interest Areas, 2023 ......................... 4-3 
Table 4-2. River Corridor GWIA Maximum Detected Concentrations for 

2021, 2022, and 2023 ......................................................................................................... 4-5 
Table 4-3. Central Plateau GWIA Maximum Detected Concentrations for 

2021, 2022, and 2023 ....................................................................................................... 4-93 
Table 4-4. 2023 Maximum Concentrations for 200-DV-1 COCs ...................................................... 4-118 
Table 4-5. Deep Technetium-99 Plume Boundary Wells ................................................................. 4-130 
Table 5-1. 100-BC Plume Area Temporal Trends ................................................................................ 5-3 
Table 5-2. 100-KR Plume Area Temporal Trends ................................................................................ 5-4 
Table 5-3. 100-NR Plume Area Temporal Trends ................................................................................ 5-7 
Table 5-4. 100-HR Plume Area Temporal Trends ................................................................................ 5-9 
Table 5-5. 100-FR Plume Area Temporal Trends .............................................................................. 5-10 
Table 5-6. 300-FF Plume Area Temporal Trends .............................................................................. 5-12 
Table 5-7. 200-BP Plume Area Temporal Trends .............................................................................. 5-14 
Table 5-8. 200-PO Plume Area Temporal Trends .............................................................................. 5-15 
Table 5-9. 200-UP Plume Area Temporal Trends .............................................................................. 5-16 
Table 5-10. 200-ZP Plume Area Temporal Trends .............................................................................. 5-18 
 
  



DOE/RL-2023-54, REV. 0 

xxx 
 

 

This page intentionally left blank. 
 
 
 
  



DOE/RL-2023-54, REV. 0 

xxxi 
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AEA Atomic Energy Act of 1954 
AWLN automated water-level network 
CCU Cold Creek unit 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

of 1980 
cis-1,2-DCE cis-1,2-dichloroethene 
COC contaminant of concern 
COPC contaminant of potential concern 
CPCCo Central Plateau Cleanup Company 
Cr(VI) hexavalent chromium 
CUL cleanup level 
DOE U.S. Department of Energy 
DWS drinking water standard 
Ecology Washington State Department of Ecology 
EPA U.S. Environmental Protection Agency 
GWIA groundwater interest area 
MTCA Model Toxics Control Act 
OU operable unit 
PUREX Plutonium-Uranium Extraction (Plant) 
PRZ periodically rewetted zone 
P&T pump and treat 
QA quality assurance 
QC quality control 
RCRA Resource Conservation and Recovery Act of 1976 
REDOX Reduction-Oxidation (Plant) 
Rlm Ringold Formation member of Wooded Island – lower mud unit 
ROD Record of Decision 
RUM Ringold Formation upper mud unit 
RUM-2 aquifer Ringold Formation - 1st water-bearing Intra-RUM unit 
Rwie Ringold Formation member of Wooded Island – unit E 
SAP sampling and analysis plan 
TCE trichloroethene 
TPH-D total petroleum hydrocarbons-diesel  
Tri-Parties U.S. Department of Energy, U.S. Environmental Protection Agency, and 

Washington State Department of Ecology 
Tri-Party Agreement Hanford Federal Facility Agreement and Consent Order 
WMA waste management area  
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Glossary1 

Aquifer: An underground geological formation, group of formations, or part of a formation that is capable 
of yielding a significant amount of water to a well or spring. The top of an unconfined aquifer is known as 
the water table. The pressure at the water table is equal to atmospheric. 

Aquifer tube: A groundwater monitoring point installed where the water table is very shallow, such as 
along the river shoreline. Generally consists of a small-diameter tube and screen installed using push 
technology. 

Aquitard: A confining bed that retards but does not prevent the flow of water to or from an adjacent 
aquifer; a leaky confining bed. 

Confined aquifer: An aquifer that is confined between two aquitards.  

Contaminant of concern: A contaminant found at concentrations that a risk assessment has determined 
poses an unacceptable risk to human health or the environment. 

Contaminant of potential concern: A contaminant that has the potential to cause risk or noncancer 
hazard effects to humans at a site.  

Crib: An underground structure designed to receive liquid waste that could percolate into the soil 
directly or after traveling through a connected tile field. Numerous cribs were used in the 100, 200, and 
300 Areas. 

Feasibility study: A study performed by an agency to develop and evaluate options for remedial action 
that emphasizes data analysis and is generally performed concurrently with the remedial investigation.  

Groundwater: Water that fills the pore spaces between soil, sand, rock, and gravel particles beneath the 
earth’s surface. 

Groundwater interest area: Informally defined geographic regions that include groundwater operable 
units and the intervening regions, used for scheduling, data review, and data interpretation for the entire 
Hanford Site. 

Half-life: The length of time in which any radioactive substance will lose one-half of its radioactivity. 
The half-lives of some Hanford Site radionuclides are listed below:  

Radionuclide  Half-Life 

Carbon-14  5,730 years 

Iodine-129  16 million years 

Plutonium (various isotopes)  88 to 24,000 years 

Strontium-90  28.8 years 

Technetium-99  212,000 years 

Tritium  12 years 

Uranium (various isotopes)  160,000 to 4.5 billion years 
 

Hanford Reach: The segment of the Columbia River that extends 85 km (51 mi) downstream from Priest 
Rapids Dam to the head of the McNary Pool near the city of Richland, Washington. The Hanford Reach 
National Monument, which the U.S. government established in 2000, includes the River Corridor and 
other undisturbed portions of the Hanford Site.  

Hydraulic conductivity: A property of an aquifer or vadose zone material that describes the ease at 
which water can move through pores or cracks. It is related to permeability.  

 
1 Terminology shown in italics indicates cross references to another term defined in this glossary. 
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Hydraulic gradient: The difference in water-level elevations divided by the distance between the points; 
the “slope” of the water table. Groundwater flows from higher to lower gradient, in a direction generally 
perpendicular to the contour lines of a water table map.  

Hyporheic zone: The region of sediment beneath and adjacent to a stream or lake where groundwater 
and surface water mix. 

Mobility: Ability of a contaminant to move through the subsurface. The distance that contaminants 
migrate from waste sites depends on the properties of the contaminant, the volume of effluent, and 
subsequent recharge.  

Low-mobility 
contaminants: 

Many metals and radionuclides adhere to sediment grains in the vadose zone. When 
little or no liquid effluent was discharged, contamination remains in the shallow 
sediment within the waste site. Disposal of high volumes of liquid waste may spread 
low-mobility contaminants deeper in the soil. Natural and artificial recharge also can 
increase contaminant migration. 

Slightly mobile 
contaminants: 

Some contaminants such as strontium-90 can migrate in the subsurface but at a much 
slower rate than water. Strontium-90 was present in numerous Hanford Site waste 
sites. Where large volumes of liquid effluent were discharged, contaminants migrated 
through the vadose zone and moved a limited distance vertically and horizontally 
in groundwater. 

Mobile 
contaminants: 

Mobile contaminants migrate at the same or nearly the same rate as water. Common 
mobile contaminants in Hanford Site groundwater include tritium, iodine-129, 
technetium-99, nitrate, and hexavalent chromium. Large groundwater mounds 
developed when high-volume discharge sites were active, spreading mobile 
contaminants.  

Monitored natural attenuation: Remediation that relies on natural processes to decrease or “attenuate” 
concentrations of contaminants in soil and groundwater. Scientists monitor these conditions to ensure 
that natural attenuation is working.  

Operable unit: A discrete portion of the Hanford Site, as identified in Section 3.3 of the Tri-Party 
Agreement Action Plan;2 a group of land disposal sites placed together for the purposes of cleanup 
actions. The primary criteria for placing a site into an operable unit includes geographic proximity, 
similarity of waste characteristics and site type, and the possibility for economies of scale.  

Periodically rewetted zone: The zone between the high and low water-table elevations.  

Permeability: Ability of sediment or rocks to allow the passage of a liquid such as water. Permeable 
materials such as gravel and sand allow water to move quickly through them, whereas impermeable 
materials such as clay or solid basalt do not allow water to flow freely.  

Plume: Volume of air, soil, or water containing contaminants. Groundwater plumes are usually depicted 
as two-dimensional maps but are present in three dimensions in an aquifer. Plume maps use contour 
lines or shading to illustrate areas of similar concentration. 

Porosity: The ratio (usually expressed as a percentage) of the total volume of pores in a geologic unit to 
the total volume of the unit. Effective porosity reflects how many of the pores are connected and able to 
transmit water. 

Pump and treat: A common method for remediating contaminated groundwater by pumping water from 
wells to an aboveground treatment system that removes the contaminants. 

Radionuclide (radioisotope): Any naturally occurring or artificially produced radioactive element or 
isotope. An atom that has excess nuclear energy, making it unstable. As the excess energy is emitted, 
the radionuclide is said to undergo radioactive decay. Also see half-life.  

 
2 Ecology, EPA, and DOE. 1989. Hanford Federal Facility Agreement and Consent Order Action Plan. Washington 
State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy, Olympia, 
Washington. Available at: https://www.hanford.gov/?page=82.  

https://www.hanford.gov/?page=82
https://www.hanford.gov/?page=82
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Recharge: Water added to an aquifer from natural processes such as precipitation or artificial sources 
such as irrigation or effluent disposal to the ground.  

Record of Decision: The CERCLA document used to select the method of remedial action to be 
implemented at a site after the feasibility study and proposed plan have been completed. 

Remedial action: An action taken under CERCLA authority to permanently resolve a hazardous 
substance release or to significantly reduce the potential for a release from a unit or group of units.  

Remedial investigation: The CERCLA process for determining the extent of contamination and, 
as appropriate, conducting treatability investigations, which is performed in conjunction with 
a feasibility study.  

RUM-2 aquifer: The RUM-2 aquifer is the first water-bearing unit of the intra-RUM sequence and is often 
correlated to the Ringold Formation member of Wooded Island unit B.   

Seep: An area on the riverbank where groundwater flows out of the aquifer into a river or lake; also 
known as a spring. 

Sodium dichromate: A chemical added to reactor cooling water as an anticorrosion agent. Typical 
sodium dichromate concentrations in the cooling water during the early years of Hanford Site operations 
were 2,000 µg/L (700 µg/L as hexavalent chromium). Concentrations decreased to 1,000 µg/L in the 
mid-1960s, and then to 500 µg/L (170 µg/L as hexavalent chromium) in the final stages of operations.  

Trench: A narrow ditch dug into the soil, formerly used to dispose solid and liquid waste from 
Hanford Site operations. 

Vadose zone: The unsaturated region of soil between the ground surface and the water table.  

Waste management area: A grouping of waste sources regulated as one unit under RCRA (e.g., a group 
of underground storage tanks and associated pipelines). 

Water table: Top of an unconfined aquifer; top of the saturated sediment or rock. The water table can 
have high and low points similar to the topography of the land surface. Also see hydraulic gradient.  

Well: An excavation or structure created in the ground by drilling, digging, or driving to access 
groundwater. The following well types are present on the Hanford Site:  

Aquifer tube: A groundwater monitoring point installed where the water table is very 
shallow, such as along the river shoreline. Generally consists of 
a small-diameter tube and screen installed using push technology. 

Boring: A borehole that was decommissioned immediately after drilling. 
Decommissioning is generally performed before the drill rig is removed 
from the site. 

Groundwater well: A well with the open interval extending below the water table. 
Most Hanford Site groundwater wells are used for monitoring or groundwater 
remediation (e.g., pump and treat). 

Hosted piezometer: Small-diameter groundwater well inside a host well, often part of a group 
monitoring different depths.  

Independent piezometer: Small-diameter groundwater well not constructed inside a host well. 

Lysimeter: Generally, an in situ open bottom cylindrical core where the top is coincident 
with the ground surface and with walls that prevent horizontal movement of 
moisture. A lysimeter is used to measure moisture or contaminant changes 
through time over a specific depth interval. 

Piezometer host: A well with one or more piezometers constructed inside of it. 

Soil tube: Vadose zone monitoring site consisting of a small-diameter tube and possibly 
a screen left in place after drilling is completed for sampling. 

Vadose well: A vadose zone monitoring site where casing is left in place after drilling 
activities are completed. May have a screen, open bottom, or may be closed. 
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Glossary Sources 
Definitions in this glossary were adapted from the following sources:  

DOE. 1993. Glossary of CERCLA, RCRA, and TSCA Related Terms & Acronyms, DOE/EH-0347, Rev. 0. 
U.S. Department of Energy, Washington, D.C. Available at: 
https://www.osti.gov/servlets/purl/10103218. 

Ecology, EPA, and DOE. 1989. Hanford Federal Facility Agreement and Consent Order Action Plan, 
Appendix A. Washington State Department of Ecology, U.S. Environmental Protection 
Agency, and U.S. Department of Energy, Olympia, Washington. Available at: 
https://www.hanford.gov/files.cfm/ap-App-A.pdf. 

EPA. 2012a. Community Guide to Monitored Natural Attenuation, EPA 542-F-12-014. Office of Solid 
Waste and Emergency Response, U.S. Environmental Protection Agency, Washington, D.C. 
Available at: 
https://cluin.org/download/Citizens/a_citizens_guide_to_monitored_natural_attenuation.pdf.  

EPA. 2012b. Community Guide to Pump and Treat, EPA 542-F-12-017. Office of Solid Waste and 
Emergency Response, U.S. Environmental Protection Agency, Washington, D.C. Available at: 
https://clu-in.org/download/Citizens/a_citizens_guide_to_pump_and_treat.pdf.  

PNNL. 2003. Summary of Hanford Site Groundwater Monitoring for Fiscal Year 2002, PNNL-14187-SUM. 
Pacific Northwest National Laboratory, Richland, Washington. Available at: 
https://pdw.hanford.gov/document/D2984289. 

USGS, Glossary of Hydrologic Terms, website accessed August 26, 2024. Available at: 
https://or.water.usgs.gov/projs_dir/willgw/glossary.html. 

 

 

https://www.osti.gov/servlets/purl/10103218
https://www.hanford.gov/files.cfm/ap-App-A.pdf
https://cluin.org/download/Citizens/a_citizens_guide_to_monitored_natural_attenuation.pdf
https://clu-in.org/download/Citizens/a_citizens_guide_to_pump_and_treat.pdf
https://pdw.hanford.gov/document/D2984289
https://or.water.usgs.gov/projs_dir/willgw/glossary.html
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Figure 4-163. 200-ZP Technetium-99 Plumes, 2023  
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Figure 4-164. 200-ZP Technetium-99 Concentration Trends in Wells Near WMA T and WMA TX-TY, 2013 – 2023 
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Trichloroethene 
A 200-ZP sampling results summary and plume map are provided in this section and in Figure 4-165. 
• A total of 321 samples representing 18 ZP-1 extraction wells, one hosted sample port, four proposed 

site wells, and 71 unconfined aquifer groundwater wells were analyzed for TCE. 
• TCE was detected in 185 of 321 (58%) samples analyzed.  
• Detected TCE concentrations ranged from 0.35 to 18.9 µg/L.  
• TCE concentrations were greater than the CUL of 1 µg/L in 129 samples collected from 29 well 

locations. 
• TCE concentrations were greater than 10 times the CUL in eight samples collected from two well 

locations.  
• The maximum TCE concentration (18.9 µg/L) was collected from well 299-W11-98. 
• TCE plumes representing 2023 average concentrations are presented in Figure 4-165. 
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Figure 4-165. 200-ZP TCE Plumes, 2023 
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Tritium 
A 200-ZP sampling results summary is provided in this section. 
• A total of 247 samples representing 18 ZP-1 extraction wells, one hosted piezometer, one hosted 

sample port, one piezometer host, four proposed site wells, and 52 unconfined aquifer groundwater 
wells were analyzed for tritium. 

• Tritium was detected in 141 of 247 (57%) samples analyzed.  
• Detected tritium concentrations ranged from 317 to 23,000 pCi/L.  
• Tritium concentrations were greater than the CUL of 20,000 pCi/L in seven samples collected from 

well 699-48-77C.  
• The maximum tritium concentration (23,000 pCi/L) was detected in well 699-48-77C.  

A 200-ZP plume map and concentration trends are presented in Figures 4-166 and 4-167. 
• The tritium plume representing 2023 average concentrations is presented in Figure 4-166. 
• Concentration trends for wells near WMAs T and TX-TY and T Plant are presented in Figure 4-167.
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Figure 4-166. 200-ZP Tritium Plume, 2023 
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Figure 4-167. 200-ZP Tritium Concentrations in Wells Monitoring the State-Approved Land Disposal Site 
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