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H1 Introduction 
As provided in Chapter 1 of the main text, the groundwater monitoring networks for Single-Shell Tank 
(SST) System unit waste management area (WMA) B-BX-BY, WMA T, and WMA TX-TY are updated 
in this groundwater quality assessment monitoring plan due to impacts from pump and treat (P&T) 
operations that were not anticipated when the associated engineering evaluation reports (EERs) were 
initially drafted. In addition, the WMA C network configuration is updated to align with groundwater 
flow interpretations since the evaluation in the associated EER (SGW-60588, Engineering Evaluation 
Report for Single-Shell Tank Waste Management Area C Groundwater Monitoring) was performed. For 
those four WMAs, the groundwater monitoring networks and flow conditions described in the EERs are 
superseded by information provided in this plan. This appendix provides supporting information for the 
updated monitoring networks at these four SST System WMAs that are changed from the networks in the 
previous plan (DOE/RL-2019-74, Interim Status Groundwater Quality Assessment Plan for the 
Single-Shell Tank System, Rev. 1).  

WMA B-BX-BY and WMA C are located within the 200-BP-5 Operable Unit (OU) in the 200 East Area. 
WMA T and WMA TX-TY are located within the 200-ZP-1 OU in the 200 West Area. 

H2 Waste Management Area B-BX-BY 
The groundwater monitoring network for WMA B-BX-BY established for final status monitoring in the 
EER (Table 9-2 in SGW-60587, Engineering Evaluation Report for Single-Shell Tank Waste 
Management Area B-BX-BY Groundwater Monitoring) was previously used for interim status monitoring. 
The monitoring network was determined by groundwater elevation analysis based on discrete measured 
groundwater levels, estimation of horizontal contaminant migration potential using particle tracking, and 
estimation of vertical contaminant migration potential.  

Water-table elevation contour maps were developed by interpolating water levels in the 200 East Area for 
calendar years 2013 through 2016. Particle-tracking calculations were then performed based on the 
water-table elevation maps to depict approximate directions of groundwater flow and potential 
contaminant migration in the vicinity of WMA B-BX-BY. The results of these calculations are presented 
in Chapter 7 of the EER, with details provided in Appendix K of ECF-200E-18-0066, Groundwater Flow 
and Migration Calculations to Assess Monitoring Networks in the 200 East Area Dangerous Waste 
Management Units. The well network for groundwater monitoring under final status was selected based 
on these evaluations. 

The method used to produce groundwater elevation maps for the EER and the supporting calculation in 
ECF-200E-18-0066 is a regularized inverse interpolation technique, referred to as the Tikhonov 
Regularized Inverse Method (TRIM). TRIM is founded upon a formal mathematical method that seeks a 
tradeoff between the complexity of the method or model used to interpret measured data versus the “fit” 
to those measured data that the chosen method or model attains. TRIM provides a formalized method 
developed specifically for purposes of the monitoring network evaluation. TRIM was used to produce 
piece-wise continuous (gridded) depictions of groundwater elevations encompassing the 200 East Area 
for calendar years 2013, 2014, 2015, and 2016 (the four most comprehensive datasets available at the 
time the calculations were performed). The groundwater elevation maps portray general patterns of 
hydraulic gradients and groundwater flow and in doing so, depict likely directions of contaminant 
migration from a facility should a release reach the underlying water table.  
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Figure H-1 presents the most recent particle-track evaluation (2016) that was provided in the EER; 
no active extraction operation was included in the EER evaluation. The network identified for 
WMA B-BX-BY in SGW-60587 comprised 5 upgradient wells (299-E33-31, 299-E33-32, 299-E33-38, 
299-E33-42, and 299-E33-334) and 11 downgradient wells (existing wells 299-E33-20, 299-E33-41,
299-E33-44, 299-E33-47, 299-E33-48, 299-E33-49, 299-E33-335, 299-E33-337, 299-E33-338,
299-E33-339, and proposed well WMA_B-BX-BY_PW-1 [D0062]) (Figure H-2).

H2.1 Evaluation of Groundwater Flow Under Various Extraction 
Well Operating Scenarios 

Operation of the extraction wells near WMA B-BX-BY influence groundwater flow at WMA B-BX-BY. 
The evaluation performed for the EER (SGW-60587) indicated that between 2013 and 2016 (before 
extraction well operations began), the flow direction was generally toward the south/southeast at 
WMA B-BX-BY, although flow estimates varied slightly during those years (Figure H-1; Figures 7-5 
through 7-8 in SGW-60587).  

Three extraction wells (299-E33-268, 299-E33-360, and 299-E33-361) are completed within the 
unconfined aquifer near WMA B-BX-BY (Figure H-3). Extraction at well 299-E33-268, located on the 
northwest boundary of WMA B-BX-BY, began operating in 2016; however, extraction operations were 
later moved to extraction well 299-E33-360 where contaminant concentrations were more concentrated 
(Chapter 6 in DOE/RL-2020-62, Calendar Year 2020 Annual Summary Report for Pump and Treat 
Operations in the Hanford Central Plateau Operable Units). Extraction operations started in March 2017 
at well 299-E33-360 and in April 2019 at well 266-E33-361 (Chapter 6 in DOE/RL-2020-62). 
The groundwater evaluation in the EER included conditions through 2016 and did not account for 
operation of these wells.  

After the evaluations to support the monitoring network for the WMA B-BX-BY in the EER were 
performed, TRIM was modified and expanded to produce an annual sitewide water table map for the 
Hanford Site. Additional applications of TRIM include quarterly water-level mapping and annual well 
network reevaluations for regulated units, including WMA B-BX-BY. The groundwater elevation maps 
produced using TRIM depict general patterns of hydraulic gradients and groundwater flow, thereby 
identifying the likely directions of contaminant migration from a given facility in case a release from a 
regulated unit reaches the water table. 

Beginning in 2019, annual reevaluation reports for the final status well networks in 200 East Area and 
200 West Area units have been produced using TRIM. These are based on evaluation of field 
measurements of water levels and particle pathline calculations (similar to the calculations in 
ECF-200E-18-0066).  

For 2019, particle-tracking results used for the network reevaluation report were obtained using 
water-level contours interpolated based on March 2019 water-level measurements as presented in 
ECF-HANFORD-19-0114, Preparation of the March 2019 Hanford Site Water Table Map. In 2019, 
wells 299-E33-360 and 299-E33-361 at WMA B-BX-BY operated at an average extraction rate of 
480 and 205 L/min (127 and 54 gal/min), respectively. In addition, well 299-E33-268 was not operational 
(Table 2-1 in DOE/RL-2019-68, Calendar Year 2019 Annual Summary Report for Pump and Treat 
Operations in the Hanford Central Plateau Operable Units).  
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Source: Figure 7-8 in SGW-60587, Engineering Evaluation Report for Single-Shell Tank Waste Management Area B-BX-BY Groundwater Monitoring. 

Figure H-1. Local-Scale Particle Paths (Advection and Dispersion) for WMA B-BX-BY (2016)
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Figure H-2. WMA B-BX-BY Monitoring Well Network from SGW-60587 and DOE/RL-2019-74, Rev. 0
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Figure H-3. Extraction Wells Near WMA B-BX-BY
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The 2019 network reevaluation indicated that under certain extraction well operations, the resultant flow 
conditions can impact the appropriateness of the well network. Figure H-4 shows the particle pathlines 
from WMA B-BX-BY and the impact the extraction at well 299-E33-360 was inferred to have on the 
flow direction at WMA B-BX-BY during 2019. In some areas, flow directions were altered and even 
reversed from conditions before extraction well operations. The reversal in flow impacted the southern 
portion of WMA B-BX-BY, where flow was toward the extraction well in the north rather than directly 
toward downgradient monitoring wells to the south and southeast of the WMA. Under these operating 
conditions, the majority of downgradient network wells at WMA B-BX-BY were no longer 
downgradient. However, downgradient wells 299-E33-20, 299-E33-41, and 299-E33-44 remained 
downgradient of the WMA due to their proximity to extraction well 299-E33-360. 

In 2020, an evaluation of different operating alternatives, or scenarios, using extraction wells 
299-E33-360 and 299-E33-361 was performed (ECF-200BP5-19-0035, Simulations of Focused
Feasibility Study Remedy at B Complex). In each scenario, extraction well 299-E33-268 (on the northwest
boundary of WMA B-BX-BY) was assumed to not be operating.

Using the Plateau-to-River (P2R) groundwater model, flow conditions that would result from various 
combinations of extraction rates at wells 299-E33-360 and 299-E33-361 were simulated, and predicted 
capture zones for the extraction wells were produced. The scenario referred to as Scenario 4 (Section 6.7 
in ECF-200BP5-19-0035) represents the expected future operating conditions for the extraction wells near 
WMA B-BX-BY. Scenario 4 modeled flow conditions that resulted from the following extraction well 
pumping rates: 

• 299-E33-268 – not operational
• 299-E33-360 – 435 L/min (115 gal/min)
• 299-E33-361 – 189 L/min (50 gal/min)

Figure H-5 shows the simulated capture zone for Scenario 4 as presented in ECF-200BP5-19-0035. 
Figure H-5 shows the impact the expected extraction well operations were simulated to have on the flow 
direction at WMA B-BX-BY. Each of the wells on the south and east side of the unit that were  
downgradient based on the south/southeast flow before operation of the extraction wells are impacted by 
the change. 

H2.2 Network Reevaluation for 2021 
For 2021, a report that reevaluated the final status well networks at 200 East Area units based on flow 
conditions was prepared to confirm the continued suitability of the monitoring well locations provided in 
final status EERs (ECF-200E-21-0124, Groundwater Flow and Migration Calculations for the 2021 
Annual Assessment of the Final Status Monitoring Networks for the 200 East Area Dangerous Waste 
Management Units). Particle-tracking results presented in ECF-200E-21-0124 were obtained using 
water-level contours interpolated from March 2021 water-level measurements, as presented in 
ECF-HANFORD-21-0117, Preparation of the March 2021 Hanford Site Water Table Map. For 2021, the 
average operating conditions for the extraction wells near WMA B-BX-BY were as follows: 

• 299-E33-268 – not operational
• 299-E33-360 – average 424 L/min (112 gal/min)
• 299-E33-361 – average 191 L/min (51 gal/min)
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Source: Figure 7-36 in ECF-200E-20-0029, Groundwater Flow and Migration Calculations for the Annual Assessment of the Final Status Monitoring Networks 
for the 200 East Area Dangerous Waste Management Units. 

Figure H-4.  Particle Pathlines from 2019 During Extraction from Well 299-E33-360 
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Note: Capture zones from Scenario 4 adapted from Figure 6-26 in ECF-200BP5-19-0035, Simulations of Focused Feasibility Study Remedy at B Complex. 

Figure H-5. Capture Zones Simulated for Expected Future Extraction Rates 
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The 2021 extraction flow rates align with the anticipated flow rates in Scenario 4 of 
ECF-200BP5-19-0035. The 2021 particle-tracking map from ECF-200E-21-0124 depicts interpreted flow 
conditions at WMA B-BX-BY (Figure H-6). Much of the groundwater from WMA B-BX-BY is captured 
in well 299-E33-360 (as simulated in Scenario 4 of ECF-200BP5-19-0035). However, some groundwater 
from the southern portion of WMA-B-BX-BY is inferred to flow to the southeast toward the identified 
downgradient monitoring wells. 

H2.3 Revised Monitoring Well Network for WMA B-BX-BY 
Due to the operation of local extraction wells, a revised network was identified for interim status 
monitoring at WMA B-BX-BY in DOE/RL-2019-74, Rev. 1. The same revised network used in this plan 
is anticipated to be used in the future final status groundwater monitoring plan. 

The expected future operating conditions of the groundwater extraction wells near WMA B-BX-BY align 
with the conditions in the 2021 network reevaluation (Figure H-6). Because these operating conditions are 
expected to continue, the monitoring network reflects the 2021 groundwater flow conditions at the unit 
(Table H-1 and Figure H-7).  

In DOE/RL-2019-74, Rev. 1, several changes were made to the WMA B-BX-BY network. Existing 
well 299-E33-343 was added to the network as a downgradient well as it is located downgradient of the 
241-BX and 241-BY Tank Farms and directly upgradient of extraction well 299-E33-360. Two 
upgradient wells (299-E33-31 and 299-E33-42) were removed from the network. The three upgradient 
wells included in the network provided sufficient coverage to monitor upgradient conditions as they are 
located at the northwest (299-E33-38), west (299-E33-32), and southwest (299-E33-334) boundaries of 
the WMA. Four downgradient wells (299-E33-48, 299-E33-49, 299-E33-335, and 299-E33-337) were 
removed from the network because they are no longer within the groundwater flow path.
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Source: Figure 7-44 in ECF-200E-21-0124, Groundwater Flow and Migration Calculations for the 2021 Annual Assessment of the Final Status Monitoring 
Networks for the 200 East Area Dangerous Waste Management Units. 

Figure H-6. Particle Pathlines for 2021 for WMA B-BX-BY During Extraction from Wells 299-E33-360 and 299-E33-361
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Table H-1.  WMA B-BX-BY Monitoring Network Changes Relative to 
Engineering Evaluation Report (SGW-60587) 

Well 
Purpose  

(SGW-60587) 
Revised Purpose  

 or Change Rationale 

299-E33-31 Upgradient Removed from network Sufficient coverage is obtained with the three 
wells identified for upgradient monitoring 

299-E33-32 Upgradient Upgradient No change 

299-E33-38 Upgradient Upgradient No change 

299-E33-42 Upgradient Removed from network Sufficient coverage is obtained with the three 
wells identified for upgradient monitoring 

299-E33-334 Upgradient Upgradient No change 

299-E33-20* Downgradient Downgradient No change 

299-E33-41 Downgradient Downgradient No change 

299-E33-44 Downgradient Downgradient No change 

299-E33-47 Downgradient Downgradient No change 

299-E33-48 Downgradient Removed from network Flow direction change due to extraction well 
operation; well is no longer downgradient 

299-E33-49 Downgradient Removed from network Flow direction change due to extraction well 
operation; well is no longer downgradient 

299-E33-335 Downgradient Removed from network Flow direction change due to extraction well 
operation; well is no longer downgradient 

299-E33-337 Downgradient Removed from network Flow direction change due to extraction well 
operation; well is no longer downgradient 

299-E33-338 Downgradient Downgradient No change 

299-E33-339 Downgradient Downgradient No change 

299-E33-343 Not included Downgradient 
Existing well that is located downgradient of 
241-BX and 241-BY Tank Farms and 
directly upgradient of the extraction well 

WMA_B-BX-BY_PW-1 Downgradient Downgradient No change 

D0228 Not included Downgradient Replacement well for non-WAC compliant 
well 299-E33-20. 

References: SGW-60587, Engineering Evaluation Report for Single-Shell Tank Waste Management Area B-BX-BY Groundwater 
Monitoring. 
DOE/RL-2019-74, Rev. 1, Interim Status Groundwater Quality Assessment Plan for the Single-Shell Tank System. 
Note: This table summarizes changes to the WMA B-BX-BY well network provided in SGW-60587 for final status monitoring that 
were implemented for interim status monitoring in DOE/RL-2019-74, Rev. 1. 

*Well 299-E33-20 was identified for the final status network in SGW-60587 but requires replacement because it is not 
compliant with construction standards in WAC 173-160, “Minimum Standard for Construction and Maintenance of Wells.”  
WAC = Washington Administrative Code 
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Note: Extraction wells are shown for information only and are not part of the monitoring network. 

Figure H-7.  Revised Groundwater Monitoring Network for WMA B-BX-BY 
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H3 Waste Management Area C 
The groundwater monitoring well network for WMA C established for final status monitoring in the EER 
(Table 9-2 in SGW-60588, Engineering Evaluation Report for Single-Shell Tank Waste Management 
Area C Groundwater Monitoring) was previously used for interim status monitoring. The monitoring 
network was determined by groundwater elevation analysis based on discrete measured groundwater 
levels, estimation of horizontal contaminant migration potential using particle tracking, and estimation of 
vertical contaminant migration potential. Water-table elevation contour maps were developed by 
interpolating water levels in the 200 East Area for calendar years 2013, 2014, 2015, and 2016. 
Particle-tracking calculations were then performed based on the water-table elevation maps to depict 
approximate directions of groundwater flow and potential contaminant migration in the vicinity of 
WMA C. The results of these analyses are presented in Chapter 7 of the EER, with details provided in 
Appendix L of ECF-200E-18-0066. The well network for groundwater monitoring under final status was 
selected based on these evaluations. 

The groundwater elevation maps for the EER and the supporting calculation in ECF-200E-18-0066 were 
produced with TRIM using the same method as described for WMA B-BX-BY in Section H1. Figure H-8 
presents the most recent particle-track evaluation (2016) that was provided in the EER. The groundwater 
flow direction was interpreted as south in the EER.  

After the evaluations to support the monitoring network for the WMA C in the EER were performed, 
TRIM was modified and expanded to produce an annual sitewide water table map for the Hanford Site. 
Additional applications include quarterly water-level mapping and annual well network reevaluations for 
regulated units, including WMA C. The groundwater elevation maps produced using TRIM depict 
general patterns of hydraulic gradients and groundwater flow, thereby identifying the likely directions of 
contaminant migration from a facility in case a release from a regulated unit reaches the water table. 
Results from subsequent particle-track evaluations since the EER show a shift in groundwater flow 
direction to east-southeast (Figure H-9) due to interpretation of the regional water table. Due to the 
change in groundwater flow interpretation in the area of WMA C, the flow gradient designation of certain 
network wells is updated in this plan. 

The particle-track evaluation at WMA C for 2021 (Figure H-9) depicts that some network wells may not 
lie within the extents of calculated areas of detectability based on the observed hydraulic gradient 
(i.e., wells are crossgradient). However, these wells monitor areas that either were within the extents of 
detectability under previous evaluations or are within areas of detectability under expected future flow 
conditions and therefore remain important to the monitoring network. Gradients continue to be more 
eastward than during the analysis presented in the EER; however, an extraction well is planned for 
installation south of WMA C (identified as the North Well in ECF-200BP5-19-0036, Simulations of 
Focused Feasibility Study Remedy at Waste Management Area C). This extraction well is expected to 
bring groundwater flow to the south across the downgradient WMA C monitoring wells, and align with 
the flow evaluation provided in the EER (Figure H-8) (Section 7.12 in ECF-200E-21-0124).  

In DOE/RL-2019-74, Rev. 1, the monitoring network for WMA C was changed. The revised network 
included the same wells as the EER; however, the gradient designations were modified to align with the 
east-southeast flow direction (Table H-2).
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In 2020, 33 extraction wells were connected to the 200 West P&T system, which operated at an average 
flow rate of about 8,186 L/min (2,162 gal/min) (Section 2.1 of DOE/RL-2020-62). Compared to 2019, the 
rate was an increase in injection well capacity that was partially due to suspension of nitrate treatment. 
During 2020, the injection capacity increase resulted in an increase in extraction flow rates through the 
200 West P&T system (Section 2.2.2.1 of DOE/RL-2020-62).  

In 2020, a procedure was formalized to optimize the operations, design, and future capacity of the 
200 West Treatment System to accelerate plume reduction and maintain regulatory compliance 
(Section 2.1 of DOE/RL-2020-62). As part of the optimization, 10 new extraction wells were planned for 
the 200-ZP-1 OU to enable the 200 West P&T system to incrementally reach full capacity following 
facility modifications (Chapter 2 of DOE/RL-2020-62). The report also addressed three potential impacts 
from changing groundwater elevations as a result of modifications in system operations: (1) impacts to 
the monitoring network; (2) impacts to groundwater extraction and injection effectiveness and therefore 
hydraulic containment and contaminant mass recovery; and (3) sorbed contaminants that may be retained 
as residual within the vadose zone as water levels decline (Section 3.4.2.2.4 in DOE/RL-2020-62). 
The first of these impacts is significant at WMA T and WMA TX-TY because declining water levels are 
causing downgradient network wells to become dry, thereby necessitating network changes (either adding 
existing wells to the network to replace wells that are going dry or drilling new replacement wells). 

H4.2 Evaluation of Potential for Monitoring Wells to Go Sample Dry 
The term “sample dry” is used at the Hanford Site to describe a well in which the water column is not 
high enough to permit sampling. As described in Section 2.2 of SGW-63743, Predicted Impact of Future 
Water-Level Declines on Groundwater Well Longevity Within the Central Plateau, Hanford Site, sample 
dry is described as the following:  

To allow for drawdown during pumping, a certain amount of water must be present in a 
well in order to extract a sample. When the static water level has declined to below this 
critical level, the well is deemed ‘sample dry’ and will no longer be scheduled for 
sampling. Generally, if a well has more than 0.9 m (3 ft) of water above the bottom of the 
open interval, sample collection is usually not a problem; however, once the water 
declines below this level, the well is in danger of becoming sample dry. Wells that are 
sample dry may be made available for decommissioning or may still be used for 
water-level monitoring as long as the water-level remains above the bottom of the open 
interval. 

An updated evaluation of the impact of planned future operations of the 200 West P&T system upon 
monitoring wells from 2020 to 2030 (which provided for the first nine years of operations following the 
anticipated increase in system capacity) was presented in SGW-63743, based on the outputs of 
groundwater evaluations in ECF-HANFORD-20-0049, Description of Groundwater Calculations to 
Support Performance Assessment for the Calendar Year 2019 (CY 2019) 200 Areas Pump-and-Treat 
Report. The simulation in ECF-HANFORD-20-0049 used the P2R Groundwater Model (P2R Model)1 
(CP-57037, Model Package Report: Plateau to River Groundwater Model, Version 8.3) (P2Rv8.3) to 
simulate current and future P&T operations in the 200 Areas. The evaluation simulated future operating 
conditions with increased groundwater extraction and injection facilitated by the addition of the 
10 proposed extraction wells.  

1 The P2R Model is the principal computational tool used to evaluate the performance of the 200 West P&T system. 



DOE/RL-2019-74, REV. 2 

H-21 

The simulation in ECF-HANFORD-20-0049 assumed a start of operations in 2015 and used actual 
extraction and injection well pumping rates through December 2019. The extraction and injection well 
rates were estimated thereafter with the assumption that increased system capacity would begin in 2021. 
The predictive simulation assumed a total future operating rate of 13,173 L/min (3,480 gal/min) 
(Section 2.1 of ECF-200W-21-0029, Evaluation of the Impact of Planned 200-ZP-1 Pump and Treat 
Operations on Final Status Monitoring Well Networks in the 200 West Area). 

In SGW-63743, the results from ECF-HANFORD-20-0049 were evaluated to determine simulated 
groundwater levels at monitoring well locations from 2020 through 2030. The simulated water levels 
were compared to screen top and bottom elevations at each well and the groundwater elevation at which 
each well is expected to be sample dry. The evaluation in SGW-63743 predicted that each of the 
downgradient wells in the WMA T and WMA TX-TY networks would become sample dry within the 
evaluated timeframe (2020 to 2030) (Tables H-3 and H-4). While the initial timeframe for the increased 
operating capacity of the 200 West P&T was to begin in 2021, several factors delayed implementation, 
including a delay in the installation of the 10 new extraction wells. In 2021, five of the extraction wells 
were drilled; however, casing separation occurred at four of the wells. New extraction wells are scheduled 
to be drilled in fiscal year 20232 to replace these four wells.  

Drilling of the new extraction wells needed to support the expanded capacity is anticipated to be complete 
in 2024.2  The predictions for the time to dry in SGW-63743 were based on an assumption of increased 
system capacity starting in 2021; therefore, the predicted time for the WMA T and WMA TX-TY wells to 
become dry (Table H-1) will differ from the actual time.  

Table H-3. Downgradient Wells at WMA T Predicted to Become Dry and Planned Replacement Wells  

Well Name 

Depth of 
Water in 
Screen 

(m [ft])a 
Predicted 

Sample Dryb 
Predicted 
Well Dryc 

Replacement 
Well Name Comment 

299-W10-24 1.9 (6.3) 2024 2028 None Well is crossgradient; no 
replacement well is planned 

299-W11-39 2.5 (8.2) 2025 d 299-W11-46 Existing well 299-W11-46 
to replace 299-W11-39 

299-W11-40 2.3 (7.5) 2023 2026 299-W11-108 New well to be drilled 

299-W11-41 1.8 (6.0) 2022 2024 299-W11-47 Existing well 299-W11-47 
to replace 299-W11-41 

299-W11-42 1.6 (5.3) 2022 2024 299-W11-109 New well to be drilled 
Notes: Sample dry and well dry predictions obtained from Table 2 in SGW-63743, Predicted Impact of Future Water-Level 
Declines on Groundwater Well Longevity Within the Central Plateau, Hanford Site. 
The time to dry predictions in SGW-63743 were based on an anticipated increase in groundwater extraction volume 
beginning in 2021. Drilling of the new wells needed for increasing extraction was delayed and will not be complete until 
2024; therefore, the predicted time to dry estimates are delayed. 
a. Water level above bottom of screened interval determined from August 2022 measurement. 
b. Less than 0.9 m (3 ft) of water above bottom of screened interval. 
c. Water level below bottom of screened interval.  
d. Evaluation in SGW-63743 predicted water levels through 2030; well was not predicted to be dry by 2030. 

 
2 Future dates for well drilling are presented for information only. Drilling plans may change depending on 
Hanford Site priorities. Drilling of the subject extraction wells is outside the scope of the final status monitoring 
program.  
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Table H-4. Downgradient Wells at WMA TX-TY Predicted to Become Dry and Replacement Wells 

Well Name 

Depth of 
Water in 
Screen 

(m [ft])a 
Predicted 

Sample Dryb 
Predicted 
Well Dryc 

Replacement 
Well Name Comment 

299-W10-26d 0.5 (1.6) 2021 2022 299-W10-208 New well to be drilled 

299-W10-27 1.5 (5.0) 2023 2026 299-W10-209 New well to be drilled 

299-W14-13e Dry Before 2020 2020 299-W14-11 Existing well 

299-W14-14e 0.3 (0.9) 2020 2021 299-W14-78 New well to be drilled 

299-W14-15f 0.7 (2.2) Before 2021 2021 299-W14-76 New well to be drilled 

299-W14-18d 0.4 (1.2) Before 2021 2021 299-W14-77 New well to be drilled 

299-W14-19 2.1 (6.8) 2023 2026 299-W14-79 New well to be drilled 
Notes: Sample dry and well dry predictions obtained from Table 2 in SGW-63743, Predicted Impact of Future Water-Level 
Declines on Groundwater Well Longevity Within the Central Plateau, Hanford Site. 
The time to dry predictions in SGW-63743 were based on an anticipated increase in groundwater extraction volume beginning 
in 2021. Drilling of the new wells needed for increasing extraction was delayed and will not be complete until 2024; therefore, 
the predicted time to dry estimates are delayed. 
a. Water level above bottom of screened interval determined from August 2022 measurement. 
b. Less than 0.9 m (3 ft) of water above bottom of screened interval. 
c. Water level below bottom of screened interval.   
d. Well is sample dry and can no longer be sampled due to low water level. The well is removed from the network under this 
groundwater monitoring plan. 
e. Well 299-W14-13 became well dry in May 2021 and was removed from the network in June 2021 under 
RCRA_CN_01_DOE/RL-2019-74, Interim Status Change Number 1: Interim Status Groundwater Quality Assessment Plan 
for the Single-Shell Tank System. 
f. Well is sample dry and requires bailing to obtain sample; samples are no longer representative of groundwater. The well is 
removed from the network under this groundwater monitoring plan. 

 

H4.3 Evaluation of Predicted Groundwater Flow Directions 
In addition to drying wells, changes to the operation of the 200-ZP-1 P&T system may impact 
groundwater flow directions at monitored facilities. ECF-200W-21-0029 provided a reevaluation of the 
well networks of regulated units in the 200 West Area using the proposed future operating conditions. 
Similar to SGW-63743, the evaluation in ECF-200W-21-0029 was based on the analyses in 
ECF-HANFORD-20-0049; however, the calculations in ECF-200W-21-0029 used particle tracking to 
determine the groundwater flow directions under future 200 West Area P&T system operating conditions.  

Particle-tracking calculations have been used to determine appropriate locations for final status network 
wells over a range of potential pumping scenarios, and to assess the continued suitability of the well 
locations under actual flow conditions. After the P2R Model simulation presented in 
ECF-HANFORD-20-0049 was completed, particle tracking was implemented using the simulation results 
to examine particle pathlines for potential releases at the 200 West Area units. The calculations used a 
particle release date of 2015 to illustrate potential flow paths (Section 2.1 of ECF-200W-21-0029). 

Initial results of the particle-tracking calculations indicated the combined effects of (1) the dimensions of 
the P2R Model grid cells, (2) the locations of injection wells near a given unit’s particle-release location, 
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and (3) how the extraction and injection wells are simulated in the P2R Model had the potential to 
confound interpretation of the likely effects of the well operations on migration patterns. To resolve these 
issues, an alternative approach was implemented within the P2R Model to represent pumping. Further 
explanation of the issue and the modified approach, as presented in Section 2.2 of ECF-200W-21-0029, is 
provided below: 

In a conventional block-centered finite-difference groundwater model, pumping that 
occurs at a well that is located within a grid cell is effectively assigned to the center of the 
grid cell regardless of its actual horizontal location within the cell. Specifically, pumping 
is distributed throughout the cell when using the MODFLOW well (“WEL”) package so 
that the effect of pumping is located at the cell center; and, although a local well-block 
correction is incorporated within the MODFLOW “Multi-Node Well” (MNW) package, 
the effect of pumping within the model is still located at the cell center. The grid cell size 
in the P2R Model (100 m by 100 m for the most refined cells and 200 m by 200 m for the 
most coarse cells) introduces localized errors in the simulated spatial distribution of 
groundwater levels near operating extraction and injection wells. To obtain a more 
realistic representation of the hydraulic head distribution resulting from the operation of 
extraction and injection wells, an alternative approach referred to as area-based 
redistribution (ABRD), was implemented within the P2R Model to represent pumping. 
In the ABRD approach, pumping is represented in the model by distributing the total 
pumping rate to the four model cells surrounding the pumping well using an area-based 
weighting scheme (Section 3.2 of 200W-21-0029). The P2R Model implementing the 
ABRD approach was then used to make simulations using the same start time and 
pumping rates used in the simulations described in ECF-HANFORD-20-0049. 
This alternative method, represented in the ECF output for WMA T and WMA TX-TY 
provided in Figures H-12 and H-13 provided a more reliable representation of the flow 
directions and gradients near the operating P&T wells. 

For WMA T and WMA TX-TY, the evaluation in ECF-200W-21-0029 (Figures H-12 and H-13) 
indicated most downgradient network wells were predicted to remain in areas of significant particle track 
density, and well replacement wells should be considered as water levels decline in the area as predicted 
in SGW-63743. The single exception is downgradient well 299-W10-24 at WMA T, which is predicted to 
go sample dry and is located crossgradient to WMA T under the existing and predicted future flow 
conditions.  

H4.4 Groundwater Elevations and Network Reevaluation for 2021 
For 2021, a report that reevaluated the final status well networks at 200 West Area units based on flow 
conditions was prepared to confirm the continued suitability of the monitoring well locations provided in 
final status EERs (ECF-200W-21-0125, Groundwater Flow and Migration Calculations for the 2021 
Annual Assessment of the Final Status Monitoring Networks for the 200 West Area Dangerous Waste 
Management Units).  

Groundwater elevation maps depict general patterns of hydraulic gradients and groundwater flow, 
identifying likely directions of contaminant migration if a release from a facility reaches the water table. 
Particle tracking provides a method of visualizing these directions and integrating the hydraulic gradients 
to depict potential paths of migration and enables an assessment of the suitability of monitoring well 
locations. Particle tracking performed in the annual reevaluation uses the same unit-specific release 
locations as provided in the associated EER. 
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H4.5 Revised Monitoring Well Network for WMA T 
Due to planned increased extraction rates at nearby 200-ZP-1 OU P&T extraction wells, each of the 
downgradient network wells for WMA T were predicted to go sample dry, and a revised network was 
needed. The revised network was identified in DOE/RL-2019-74, Rev. 1. The same revised network is 
used in this plan, and is anticipated to be used in the future final status groundwater monitoring plan. 

With the exception of well 299-W10-24, each of the downgradient wells are located in areas of dense 
particle pathlines; therefore, selection of locations for replacement wells is considered necessary for each 
of the downgradient wells (Table H-3). Well 299-W10-24 is not planned for replacement because it is 
crossgradient to the unit and not located within the particle pathlines during P&T system operation. 

Existing downgradient wells 299-W11-46 and 299-W11-47 were identified in the vicinity of WMA T as 
potential replacement wells. The well screens were too deep to be considered for final status monitoring 
and neither well was included for the final status network in the EER. However, as the groundwater 
elevation continues to decline, the top of the water table has or will fall within the screened intervals of 
these wells, making them suitable for use in the WMA T network. The existing deeper wells, 
299-W11-46 and 299-W11-47, will be used to replace wells 299-W11-39 and 299-W11-41, respectively, 
as wells 299-W11-39 and 299-W11-41 become sample dry. 

The locations for three proposed downgradient wells identified in the EER were moved in 
DOE/RL-2019-74, Rev. 1, due to field interferences that affect drilling. Proposed wells WMA-T_PW1 
and WMA-T_PW2 required relocation because the identified locations were in an area with overhead 
powerlines and conveyance piping for the 200 West P&T system; WMA-T_PW-3 was relocated because 
it was located in an area with an overhead powerline (Figure H-16). 

The revised network for WMA T presented in DOE/RL-2019-74, Rev. 1, comprised one upgradient 
well (299-W10-28) and seven downgradient wells (existing wells 299-W11-39, 299-W11-40, 
299-W11-41, and 299-W11-42 and proposed wells WMA-T_PW1, WMA-T_PW2, and WMA-T_PW3 
[299-W10-199, 299-W11-101, and 299-W11-102, respectively]) (Figure H-17). Existing wells 
299-W11-46 and 299-W11-47 are included in the updated network to replace wells 299-W11-39 and 
299-W11-41, respectively, as the wells become sample dry. Well 299-W10-24 was removed from the 
network because it is predicted to go sample dry and its location is crossgradient under the predicted 
future flow conditions in ECF-200W-21-0029 (Figure H-12) and the most recently evaluated flow 
conditions in ECF-200W-21-0125 (Figure H-14). The revised monitoring network for WMA T is 
provided in Table H-5 and Figure H-17.  
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Figure H-16. Initial Locations, Drilling Interferences, and Revised Locations of Proposed Wells at WMA T
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Note: The extraction well is shown for information only and is not part of the monitoring network. 

Figure H-17. Revised Groundwater Monitoring Network for WMA T 
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Table H-5. Revised WMA T Monitoring Network 
Well Purpose Comment 

299-W10-28 Upgradient -- 

299-W11-39 Downgradient Well is going dry; to be replaced with existing well 299-W11-46 

299-W11-40 Downgradient Well is going dry; to be replaced with new well 299-W11-108 

299-W11-41 Downgradient Well is going dry; to be replaced with existing well 299-W11-47 

299-W11-42 Downgradient Well is going dry; to be replaced with new well 299-W11-109 

299-W11-46 Downgradient Existing well screened deeper in the unconfined aquifer; will 
replace well 299-W11-39 

299-W11-47 Downgradient Existing well screened deeper in the unconfined aquifer; will 
replace well 299-W11-41 

299-W11-108 Downgradient New well to replace well 299-W11-40 

299-W11-109 Downgradient New well to replace well 299-W11-42 

WMA T_PW1  
(299-W10-199) Downgradient Location moved to avoid drilling interferences in the field 

WMA-T_PW2  
(299-W11-101) Downgradient Location moved to avoid drilling interferences in the field 

WMA-T_PW3  
(299-W11-102) Downgradient Location moved to avoid drilling interferences in the field 

H4.6 Revised Monitoring Well Network for WMA TX-TY 
Due to increased extraction rates at the nearby 200-ZP-1 OU P&T extraction wells, each of the 
downgradient network wells for WMA TX-TY were predicted to go sample dry and a revised network 
was identified for interim status monitoring in DOE/RL-2019-74, Rev. 1. The downgradient wells are 
located in areas of dense particle pathlines; therefore, selection of locations for replacement wells was 
considered necessary for each of the downgradient wells (Table H-4). DOE/RL-2019-74, Rev. 1, 
provided replacement wells for each of the seven downgradient wells as follows: 

• Existing downgradient well 299-W14-11 was identified in the vicinity of WMA TX-TY as a potential
replacement well. The well screen was too deep to be considered for the monitoring network in the
EER evaluation (SGW-60576). However, as the groundwater elevation continues to decline, the top
of the water table will fall within the screened interval of this well, making it suitable for use in the
WMA TX-TY network. Existing well 299-W14-11 was added to the network to replace well
299-W14-13, which became dry and was removed from the network in July 2021.

• Downgradient wells 299-W10-26, 299-W10-27, 299-W14-14, 299-W14-15, 299-W14-18, and
299-W14-19 will be replaced with new replacement wells 299-W10-208, 299-W10-209,
299-W14-78, 299-W14-76, 299-W14-77 and 299-W14-79, respectively.
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The monitoring network for WMA TX-TY comprises two upgradient wells (proposed 
wells WMA_TX-TY_PW1 and WMA_TX-TY_PW2 [299-W10-200 and 299-W15-231]) which are not 
yet drilled. Until the new wells are drilled, existing upgradient wells 299-W15-44 and 299-W15-765 will 
continue to be used in the monitoring network.  

After DOE/RL-2019-74, Rev. 1, was issued, additional groundwater sampling issues emerged. In 
July 2022, sample dry well 299-W14-14 was not able to be sampled due to low water. Subsequent sample 
attempts in August and November were also unsuccessful. The water levels in three downgradient wells 
that were sample dry (299-W10-26, 299-W14-15, and 299-W14-18) were too low to be sampled with a 
pump, and bailing was required to collect samples. The resulting samples are not representative of 
groundwater because they were dominated by particulate material from the bottom of the well. Because 
the wells were bailed, they were not purged before sampling; therefore, the bailed samples included 
stagnant water from the well. These four downgradient wells are removed from the network in this 
revision.  

The downgradient monitoring network under this revised plan includes seven downgradient wells (three 
existing wells 299-W10-27, 299-W14-11 [replacing dry well 299-W14-13], and 299-W14-19 and four 
new replacement wells to replace wells 299-W10-26, 299-W14-14, 299-W14-15, and 299-W14-18, 
respectively, which are removed from the network under this plan). Existing wells 299-W10-27 and 
299-W14-19 are going dry and will be replaced with new replacement wells 299-W10-209 and 
299-W14-79, respectively. The revised monitoring network for WMA TX-TY is provided in Table H-6 
and Figure H-18. The network in this plan is anticipated to be used in the future final status groundwater 
monitoring plan.  

Table H-6. Revised WMA TX-TY Monitoring Network 
Well Purpose Comment 

299-W15-44 Upgradient Existing upgradient wells 299-W15-44 and 299-W15-765 to be 
used until the new upgradient wells are drilled 

299-W15-765 Upgradient Existing upgradient wells 299-W15-44 and 299-W15-765 to be 
used until the new upgradient wells are drilled 

WMA_TX-TY_PW1 
(299-W10-200) 

Upgradient -- 

WMA_TX-TY_PW2 
(299-W15-231) 

Upgradient -- 

299-W10-27 Downgradient Well is going dry; to be replaced with new replacement well 
299-W10-209 

299-W10-208 Downgradient New well to replace well 299-W10-26 

299-W10-209 Downgradient New well to replace drying well 299-W10-27 

299-W14-11 Downgradient Existing well screened deeper in the unconfined aquifer; replaced 
dry well 299-W14-13 

299-W14-19 Downgradient Well is going dry; to be replaced with new replacement well 
299-W14-79 

299-W14-76 Downgradient New well to replace well 299-W14-15 
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