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1 Introduction 1 

This sampling and analysis plan (SAP) addendum presents the groundwater monitoring plan and test 2 

design for an area-specific hexavalent chromium (Cr(VI)) rebound study within the Horn subarea in 3 

the 100-HR-3 Operable Unit (OU). As discussed in DOE/RL-2021-23, Rebound Studies Parent Sampling 4 

and Analysis Plan for the 100-HR-3 Operable Unit, Hanford (hereinafter referred to as the rebound 5 

studies parent SAP), the parent document will act as the main body of information, while this SAP 6 

addendum provides the area-specific details associated with implementing a rebound study within 7 

the unconfined aquifer. This addendum will implement the guidance of the quality assurance documents 8 

that are specifically referenced in Chapter 2 of the rebound studies parent SAP (DOE/RL-2021-23).  9 

A rebound study involves the evaluation of contaminant concentrations, as well as hydraulic and 10 

hydrochemical changes under ambient aquifer conditions (no active pump and treat [P&T] remediation) 11 

for a duration of time. Section 4.2 of DOE/RL-2017-13, Remedial Design/Remedial Action Work Plan for 12 

the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units (hereinafter referred to as 13 

the 100-D/H Remedial Design/Remedial Action [RD/RA] Work Plan), identifies rebound testing as part 14 

of the Phase 2 P&T shutdown evaluations; however, the rebound testing is being conducted while 15 

the Phase 1 final remedial action operations are currently proceeding. The rebound testing for the Horn 16 

subarea will focus on gathering data to assess the remedial action identified in EPA et al., 2018, Record of 17 

Decision Hanford 100 Area Superfund Site 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 18 

Operable Units (hereinafter referred to as the 100-D/H Record of Decision [ROD]), specifically to assess 19 

if the remedial action objectives identified in the 100-D/H ROD are expected to be met. The rebound 20 

study at the Horn subarea will occur within the boundary shown in Figure 1.  21 

As identified in SGW-64372, 100-D/H Continuing Hexavalent Chromium Source Evaluation, 22 

the rebound study is needed to evaluate whether a secondary source exists within the Horn subarea. 23 

The data may be used to identify a potential treatment area if further action is warranted.  24 

1.1 Project Scope and Objectives 25 

This rebound study SAP addendum uses the principal study questions (PSQs) and the associated data needs 26 

developed in the rebound studies parent SAP (DOE/RL-2021-23) as they apply to the Horn subarea. 27 

Performance monitoring will continue as described in Addendum 1 of the 100-D/H RD/RA Work Plan 28 

(DOE/RL-2017-13-ADD1, Groundwater Monitoring Sampling and Analysis Plan for 29 

the 100-HR-3 Groundwater Operable Unit). Performance monitoring samples will be co-sampled with 30 

the rebound study samples and will not be duplicative. Performance monitoring will continue in accordance 31 

with DOE/RL-2017-13-ADD1 outside of active rebound study areas. The Horn subarea rebound study 32 

objectives include the following: 33 

• Evaluate Cr(VI) concentration trends in the unconfined aquifer to determine if groundwater 34 

remediation activities have met or are on track to meet the cleanup goals identified in 35 

the 100D/H ROD (EPA et al., 2018). It is noted that total chromium is primarily Cr(VI) in 36 

groundwater. The treatment of Cr(VI) groundwater contamination will result in the attainment of 37 

cleanup levels for total chromium, which are greater than the Cr(VI) cleanup levels. 38 

• Determine if and how the unconfined aquifer changes (hydraulically and hydrochemically) during 39 

shutdown of P&T operations.  40 
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• Evaluate any impact that potential secondary sources in the periodically rewetted zone (PRZ) may 1 

have on contaminant concentrations.  2 

• Evaluate attenuation rates for Cr(VI) under ambient groundwater flow conditions. 3 

 4 

Figure 1. Horn Subarea Boundary with Unconfined Aquifer Monitoring Locations 5 
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fluctuations and potential continuing sources in the associated vadose zone can undermine P&T 1 

effectiveness and prolong aquifer cleanup times (DOE/RL-2017-13). 2 

The duration and timing of the Horn subarea rebound study will adhere to the rebound timing regime 3 

discussed in Section 1.1 of the rebound studies parent SAP (DOE/RL-2021-23). 4 

2 Site Background 5 

The 100-HR-3 OU includes the groundwater in the 100-D and 100-H Areas. The groundwater was 6 

contaminated by releases from facilities and waste sites in the 100-DR-1, 100-DR-2, 100-HR-1, and 7 

100-HR-2 OUs during past operations at the D, DR, and H Reactors. Operations at these reactors resulted 8 

in soil and groundwater contamination. Reactor operations and descriptions of contaminant releases are 9 

provided in Section 1.2.2 of DOE/RL-2010-95, Remedial Investigation/Feasibility Study for 10 

the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units) (hereinafter referred to 11 

as the 100-D/H remedial investigation/feasibility study [RI/FS]). 12 

Contamination from the releases migrated through the soil column to the groundwater and now underlies 13 

the region between the 100-D and 100-H Areas known as the Horn (DOE/RL-2017-13). 14 

2.1 Unconfined Aquifer Hexavalent Chromium Plumes 15 

The Cr(VI) groundwater plumes within the 100-HR-3 OU unconfined aquifer in 1999 (2 years after 16 

the first P&T system began operating) and in 2021 are shown in Figure 2. As defined for the purposes of 17 

this study, the plumes are areas of Cr(VI) concentration exceeding 10 µg/L. The spatial extent and 18 

concentrations of Cr(VI) have been reduced (generally below the 48 μg/L inland groundwater cleanup 19 

level) in the unconfined aquifer underlying the Horn subarea due to ongoing P&T groundwater 20 

remediation. Figure 2 shows the locations of the Cr(VI) plumes in the Horn subarea in 2021. 21 

The Cr(VI) plumes extend across the Horn from the 100-D Area toward the 100-H Area. The Horn 22 

subarea plume has the largest areal extent of all the Cr(VI) plumes in the 100-HR-3 OU. During 2021, 23 

Cr(VI) concentrations >10 µg/L continued to cover a large area in the main (east–west-trending) portion 24 

of the Horn plume and continued to decline slowly and steadily. As a result, the size of the main portion 25 

of the Horn plume decreased between 2020 and 2021 (DOE/RL-2021-51, Hanford Site Groundwater 26 

Monitoring Report for 2021). 27 

The Horn subarea is the subject of this rebound study for the following reasons: 28 

• Cr(VI) concentrations in the unconfined aquifer are generally less than cleanup levels. 29 

• Cr(VI) concentrations near the shoreline are currently less than the 10 μg/L cleanup level for 30 

groundwater discharges to surface water. 31 

• Cr(VI) concentrations have shown generally decreasing trends.  32 

• An adequate extraction and injection well network is available for contingent protection of 33 

the Columbia River. 34 

• An extensive network of wells is in place for monitoring a potential rebound effect. 35 

Concentrations of Cr(VI) from  unconfined monitoring wells throughout the Horn subarea are generally 36 

below the 100-D/H ROD (EPA et al., 2018) inland cleanup level of 48 μg/L (Figure 1).  37 
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 1 

Figure 2. Comparison of the Cr(VI) Groundwater Plumes in 1999 2 
(Early in Interim Action Period) and 2021 (During Remedial Action) 3 
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In the northeastern portion of the Horn, Cr(VI) was detected along the Columbia River shoreline at 1 

concentrations >10 µg/L in three isolated aquifer tube locations during low river stage. The Cr(VI) 2 

concentrations ranged from 12.8 to 20 µg/L in these aquifer tubes in 2021. However, the Horn plume at 3 

concentrations >10 µg/L did not extend to the river in 2021 (Section 4.3.3 in DOE/RL-2021-51). 4 

2.2 Groundwater Pump and Treat Activities 5 

In response to Cr(VI) contamination, groundwater remediation activities were initiated in 1997 with 6 

the installation of a small P&T system, HR3, under an interim action ROD (EPA/ROD/R10-96/134, 7 

Record of Decision for the US DOE Hanford 100 Area 100-HR-3 and 100-KR-4 Operable Units, Hanford 8 

Site, Benton County, Washington) and in accordance with DOE/RL-96-84, Remedial Design Report and 9 

Remedial Action Work Plan for the 100-HR-3 and 100-KR-4 Groundwater Operable Units’ Interim 10 

Action. A second P&T system, DR5, was installed in 2004 to address contamination in the southern 11 

portion of the 100-HR-3 groundwater OU. The two original systems were replaced with the larger DX 12 

and HX P&T systems in 2010 and 2011, respectively. The DX and HX P&T systems have been effective 13 

in reducing Cr(VI) concentrations in groundwater and improving hydraulic containment to protect 14 

the Columbia River from continuing releases of Cr(VI). Figure 3 identifies Cr(VI) concentration trends in 15 

the Horn subarea groundwater monitoring wells located in the central part of the Horn. 16 

The final remedy in the 100-D/H ROD (EPA et al., 2018) selected continued use, expansion, and 17 

optimization of the DX and HX P&T systems for groundwater treatment. The 100-D/H ROD listed 18 

cleanup levels of 10 µg/L for Cr(VI) where groundwater discharges to surface water and 48 µg/L inland. 19 

With the issuance of the 100-D/H ROD, a new 100-D/H RD/RA Work Plan (DOE/RL-2017-13) was 20 

prepared. The 100-D/H RD/RA Work Plan was developed to implement the remedial action requirements 21 

in the ROD. 22 

 23 

Figure 3. Five-Year Cr(VI) Concentration Trends for Selected Monitoring Wells in the Horn Subarea 24 
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2.3 Site Geology/Hydrogeology 1 

A detailed description of the 100-D/H Area hydrogeologic conditions is included in the 100-D/H RI/FS 2 

(DOE/RL-2010-95) and the rebound studies parent SAP (DOE/RL-2021-23). The primary stratigraphic 3 

units controlling groundwater flow in the unconfined aquifer in the Horn subarea, from shallowest to 4 

deepest, are as follows: 5 

• Hanford formation 6 

• Ringold Formation member of Wooded Island – unit E (Rwie) 7 

• Ringold Formation upper mud unit (RUM) 8 

• First water-bearing intra-RUM aquifer (RUM-2) 9 

The Horn area of the Hanford Site is a structurally bound interior bend of the Columbia River that was 10 

scoured by the Missoula floods. The floods removed most of the Rwie, leaving the RUM. The Hanford 11 

formation was subsequently deposited upon the remnant pockets of the Rwie and the RUM. 12 

The unconfined aquifer is primarily within the Hanford formation, although it is also within the Rwie 13 

(where present); the unconfined aquifer is bound by the RUM. The Hanford formation is primarily 14 

unconsolidated sands and gravels. The Rwie is a denser, compact and well-graded formation consisting of 15 

fluvial matrix supported by gravels and sands with intercalated fine-to coarse-grained sand and silt layers. 16 

The RUM is a silt with fine- and very fine-grained sand. The Hanford formation is up to 14.3 m (47 ft) 17 

thick. The Rwie (where present) is between 0.3 and 3 m (1 and 10 ft) thick (CP-64995, Geoframework 18 

Model of the Hanford Site 100 Area). The unconfined aquifer ranges between 1.5 and 4.6 m (5 and 15 ft) 19 

in thickness; however, there is seasonable variability due to the influence of the Columbia River 20 

(CP-64995; ECF-HANFORD-21-0117, Preparation of the March 2021 Hanford Site Water Table Map). 21 

Two sand, silt, and gravel units underlie the RUM, which are confined water-bearing units. The entire 22 

sequence of aquifers and aquitards is referred to as the intra-RUM system. The RUM-2 (the first 23 

water-bearing intra-RUM aquifer) is comprised of sand and silt (CP-65222, Site-Specific Geoframework 24 

Model of the 100-HR-3 Intra-RUM Semi-Confined Aquifer System). 25 

The confined water-bearing units may be connected to each other, to the unconfined aquifer, or to 26 

the Columbia River. The extent of this aquifer interconnection varies spatially across the 100-D/H Area 27 

and may have been temporally dependent on the overlying hydrologic conditions, such as elevated head 28 

pressures that existed during operations because of high-volume cooling water discharges 29 

(DOE/RL-2010-95). 30 

2.3.1 Groundwater Flow and Seasonal Impacts to Hexavalent Chromium Concentrations 31 

Groundwater in the Horn subarea unconfined aquifer generally flows to the north and northeast, toward 32 

the Columbia River (Figure 4). The Columbia River functions as a discharge boundary for the shallow 33 

unconfined aquifer beneath the Horn subarea. Hydraulic gradients are generally lower during the high 34 

river stage when compared to low river conditions. The flow directions and gradients experienced during 35 

the low and high river stages have a greater effect on contaminant transport than during transitional 36 

periods. The high and low river stages, which typically last a few months, affect groundwater flow near 37 

the Columbia River and the effects extend inland, with the distance depending on hydrogeologic 38 

characteristics of the aquifer and the height and duration of the high river stage. The period of highest 39 

river stage is generally from May through June, and lowest river stage is generally observed from 40 

September through October.  41 
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 1 
References: ECF-HANFORD-21-0117, Preparation of the March 2021 Hanford Site Water 2 
Table Map; NAVD88, North American Vertical Datum of 1988. 3 
 4 

Figure 4. Cr(VI) Concentrations Near the Horn Subarea at High and Low River Stages 5 
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Response of the unconfined aquifer Cr(VI) plume within the Horn subarea to changes in river stage 1 

have been tracked and are reported as part of the Hanford Site annual groundwater monitoring report 2 

(e.g., DOE/RL-2021-51). The dimensions and changes in plume geometry in the unconfined aquifer with 3 

changes in river stage are well understood under pumping conditions. The effect of river stage on plume 4 

configuration (e.g., extent) has lessened over time due to the addition of P&T wells in key locations. 5 

Plume changes in the unconfined aquifer in the Horn subarea are now primarily controlled by 6 

modification to both infrastructure and operations of the P&T system during the year. The P&T 7 

remediation activities continue to slowly reduce contaminant levels, but removal effectiveness is inhibited 8 

by the thin unconfined aquifer and low extraction performance in the central part of the Horn plume 9 

relative to other inland extraction wells in the Horn (DOE/RL-2021-51). The greatest flux of 10 

contaminants to the river (generally below 10 µg/L) occurs as the river transitions from seasonal high to 11 

seasonal low river levels, but there is little variation within the Horn subarea. The Cr(VI) plumes and 12 

water levels measured in 2021 are shown under high- and low river-stage conditions (Figure 4). 13 

Additional details on the seasonal impacts to Cr(VI) concentrations at the 100-H Area are provided in 14 

the 100-D/H RD/RA Work Plan (DOE/RL-2017-13). 15 

Temporal parameters of the Horn subarea rebound study involve the timing, frequency, and duration of 16 

measurements and observations. Timing is affected by Columbia River stage seasonal variation and 17 

the associated changes in groundwater flow direction and flow velocity. The rebound study approach 18 

focuses on increased-frequency sampling in areas where the Cr(VI) plume currently exists (which can 19 

verify any potential presence of continuing sources) and at extraction wells to capture short-term changes 20 

in concentrations due to ceased well operation. Sampling every other month (bi-monthly) elsewhere (with 21 

a few exceptions) ensures that plume dynamics under ambient groundwater flow conditions are captured. 22 

This rebound study is anticipated to last at least a full river-stage cycle (i.e., 12 months) to ensure 23 

adequate understanding of contaminant migration due to river stage and seasonal transition periods in 24 

the absence of P&T. This duration may be extended if additional data are needed to establish 25 

concentration trends or support interpretation of unexpected sample results. 26 

2.3.2 Aquifer in the First Water-Bearing Intra-RUM Unit 27 

Results from previous RUM-2 aquifer investigations have provided a range of hydraulic and storage 28 

properties for the RUM-2 aquifer in several locations within the 100-H Area. However, there are notable 29 

areas of uncertainty. The flux of Cr(VI) and interactions between the RUM-2 and the Columbia River, 30 

and the RUM-2 and the unconfined aquifer, have not yet been quantitatively assessed (SGW-60571, 31 

Aquifer Testing of the First Water-Bearing Unit in the RUM at 100-H). The lateral extent and continuity 32 

of the uppermost RUM-2 aquifer in the Horn and between the Horn and 100-H Area is unknown 33 

(DOE/RL-2017-13). Aquifer hydraulic properties have not yet been determined for new RUM-2 aquifer 34 

wells, and additional aquifer testing is needed to fill this information gap. These data serve as inputs for 35 

groundwater flow and contaminant transport models that are used, in part, to quantify Cr(VI) flux to 36 

the RUM-2 aquifer. 37 

This addendum does not include collecting data for the purpose of RUM-2 aquifer characterization; 38 

however, the project will ensure coordination and sharing of information with other projects as new 39 

information becomes available (e.g., initiation of the rebound study and notification of when RUM-2 40 

extraction wells are turned on/off). Effects in the unconfined aquifer from pumping in the RUM-2 aquifer 41 

during the Horn subarea rebound study are not anticipated. However, water-level monitoring and results 42 

from groundwater chemistry sampling performed as part of the Horn subarea rebound study will be 43 

observed for changes or trends that may be attributed to contributions from the RUM-2 aquifer to 44 

the unconfined aquifer (i.e., changes in water level or groundwater chemistry not attributed to known 45 

effects on the unconfined aquifer due to effects from the river). If it is found that pumping in the RUM-2 46 
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aquifer is affecting the Horn subarea rebound study, numerical model simulations will be performed to 1 

estimate the magnitude, confirm the effects, and optimize pumping to mitigate the effects. Dependent on 2 

the modeling findings, the rebound study may be extended to ensure adequate data collection. 3 

2.3.3 Saturated Thickness at the Horn Subarea 4 

The wells within the study area have between 0.5 and 6.5 m (1.5 and 21 ft) of screened water column 5 

(Table 1). The wells shown in Figure 4 are screened across the unconfined aquifer. At several wells 6 

within the Horn subarea, seasonal fluctuations in water levels can make sample collection difficult due to 7 

the reduced water column. Across the Horn and in the northern portion of the 100-H Area, the aquifer is 8 

<1 m (3 ft) thick in some locations during low river stage, with the thinnest areas found in the northern 9 

area of the Horn. As discussed in Section 3.3 of the rebound studies parent SAP (DOE/RL-2021-23), 10 

pumps can be removed and manual bailers or other low-flow sampling techniques may be used as needed. 11 

At the aquifer tubes within the Horn subarea, seasonal fluctuations in water levels can make sample 12 

collection difficult at both low and high river stage.  13 

Table 1. Groundwater Well Screened Water Column Length in the Horn Subarea 

Well Name Well Type Well ID 

Screened Water 

Column Lengtha 

Screen Interval (Depth 

to Top-Depth to Bottom) 

199-H1-1b Extraction C7585 
2.9 m 

(9.51 ft) 

5.49–10.06 m 

(18–33 ft) 

199-H1-2b Extraction C7584 
1.04 m 

(3.4 ft) 

10.79–13.84 m 

(35.4–45.4 ft) 

199-H1-3b Injection C7581 
1.28 m 

(4.2 ft) 

9.75–12.8 m 

(32–42 ft) 

199-H1-4b Extraction C7604 
1.69 m 

(5.56 ft) 

9.52–12.56 m 

(31.22–41.22 ft) 

199-H1-12b Injection C9926 
4.37 m 

(14.33 ft) 

8.43–13.15 m 

(27.66–43.13 ft) 

199-H1-32b Injection C7100 
6.52 m 

(21.4 ft) 

6.86–12.95 m  

(22.5–42.5 ft) 

199-H1-33b Injection C7105 
1.31 m 

(4.3 ft) 

7.01–11.58 m 

(23–38 ft) 

199-H1-34b Injection C7108 
1.86 m 

(6.1 ft) 

6.89–11.46 m 

(22.6–37.6 ft) 

199-H1-35b Extraction C7106 
2.5 m 

(8.19 ft) 

7.77–12.34 m  

(25.5–40.5 ft) 

199-H1-36b Extraction C7102 
1.38 m 

(4.52 ft) 

7.01–11.58 m 

(23–38 ft) 

199-H1-37b Extraction C7099 
1.87 m 

(6.13 ft) 

7.77–12.35 m 

(25.49–40.52 ft) 

199-H1-38b Extraction C7098 
1.4 m 

(4.58 ft) 

8.08–12.66 m 

(26.52–41.53 ft) 

199-H1-39b Injection C7109 
1.92 m 

(6.3 ft) 

7.01–11.58 m 

(23–38 ft) 
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Table 1. Groundwater Well Screened Water Column Length in the Horn Subarea 

Well Name Well Type Well ID 

Screened Water 

Column Lengtha 

Screen Interval (Depth 

to Top-Depth to Bottom) 

199-H1-40b Extraction C7104 
0.66 m 

(2.17 ft) 

7.01–11.58 m 

(23–38 ft) 

199-H1-42b Extraction C7107 
1.6 m 

(5.25 ft) 

8.57–11.63 m 

(28.13–38.14 ft) 

199-H1-45b Extraction C7477 
3.08 m 

(10.09 ft) 

11.84–16.42 m 

(38.86–53.88 ft) 

199-H1-46b Extraction C9486 
2.57 m 

(8.42 ft) 

12.31–13.84 m 

(40.38–45.42 ft) 

199-H1-47b Extraction C9637 
2.23 m 

(7.32 ft) 

5.58–11.67 m 

(18.3–38.3 ft) 

199-H1-48b Extraction C9638 
1.7 m 

(5.59 ft) 

6.14–12.23 m 

(20.14–40.14 ft) 

199-H1-49b Extraction C9639 
0.97 m 

(3.17 ft) 

9.5–17.12 m 

(31.17–56.17 ft) 

199-H1-5 Injection C7610 
7.35 m 

(24.1ft) 

4.9 - 12.53 m 

(16.08 - 41.1 ft) 

199-H1-51b Extraction D0212 
0.46 m 

(1.5 ft) 

7.63–10.67 m 

(25.03–35 ft) 

199-H4-77b Injection C7605 
2.26 m 

(7.41 ft) 

9.94–12.99 m 

(32.62–42.61 ft) 

199-H4-80 Injection C7595 
8.82 m 

(28.94 ft) 

9.51-20.18 m 

(31.2 - 66.2 ft) 

199-H4-81b Extraction C7596 
4.13 m 

(13.55 ft) 

5.64–11.73 m 

(18.49–38.5 ft) 

199-H4-82 Injection C7609 
4.75 m 

(15.58 ft) 

9.95 - 16.03 m 

(32.66 - 52.58 ft) 

699-95-45 Monitoring C5660 
3.25 m 

(10.67 ft) 

11–14.05 m 

(36.1–46.1 ft) 

699-95-45B Injection C8950 
4.16 m 

(13.64 ft) 

6.16-12.25 m 

(20.2 - 40.2 ft) 

699-97-41 Monitoring C5657 
4.42 m 

(14.51 ft) 

10.3–16.4 m 

(33.8–53.8 ft) 

699-97-43B Monitoring C5664 
1.8 m 

(5.9 ft) 

11.58–14.63 m 

(38–48 ft) 

699-97-45 Monitoring C5659 
3.61 m 

(11.86 ft) 

7.53–12.1 m 

(24.7–39.7 ft) 

699-97-47B Monitoring C9485 
1.13 m 

(3.71 ft) 

6.88–10.02 m 

(22.57–32.89 ft) 

699-98-43 Monitoring C5656 
3.89 m 

(12.76 ft) 

5.93–10.52 m 

(19.44–34.5 ft) 
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Table 1. Groundwater Well Screened Water Column Length in the Horn Subarea 

Well Name Well Type Well ID 

Screened Water 

Column Lengtha 

Screen Interval (Depth 

to Top-Depth to Bottom) 

699-98-46 Monitoring C5658 
1.85 m 

(6.07 ft) 

8.99–12.05 m 

(29.51–39.54 ft) 

699-99-44 Monitoring C5650 
1.51 m 

(4.94 ft) 

6.71–9.75 m 

(22–32 ft) 

699-101-45 Monitoring C5666 
1.39 m 

(4.55 ft) 

4.79–7.84 m 

(15.7–25.72 ft) 

43-M Aquifer tube B8278 N/A N/A 

C5633 Aquifer tube C5633 N/A N/A 

C5636 Aquifer tube C5636 N/A N/A 

C5638 Aquifer tube C5638 N/A N/A 

C5641 Aquifer tube C5641 N/A N/A 

C5678 Aquifer tube C5678 N/A N/A 

Notes: Well screen data are from the Environmental Dashboard Application 

(https://ehs.hanford.gov/eda/#/eda/Report/Details/64), queried on March 2, 2023 and on July 18, 2023. 

Water-level extraction data are from the Environmental Dashboard Application 

(https://ehs.hanford.gov/eda/#/eda/Report/Details/4), queried on March 2, 2023 and on July 18, 2023. 

a. Screened water column length = standard screen bottom depth – depth to water. 

b. Injection/extraction well. Saturated thickness may not be representative of ambient conditions due to active 

injection or extraction pumping at this location. 

ID = identification 

N/A = not available 

 1 

3 Data Quality Objectives 2 

Groundwater data and water-level measurements are needed to determine whether active remediation of 3 

groundwater can be discontinued. Rebound data will also be used to further evaluate the potential sources 4 

in the Horn subarea to determine if further soil remediation is needed in addition to P&T. 5 

Key issues to be addressed include the following:  6 

• Determining progress/status towards 100-D/H Area ROD (EPA et al., 2018) cleanup levels 7 

• Measuring time-equivalent water levels for estimating changes in groundwater hydraulic gradient 8 

and flow paths 9 

• Determining how the unconfined aquifer changes (hydraulically and hydrochemically) 10 

during shutdown 11 

• Evaluating groundwater hydrochemistry data (e.g., specific conductance and pH) to help determine 12 

river-stage effects on plume migration and Cr(VI) concentrations 13 

• If Cr(VI) concentrations do rebound, determining if action is needed to address continuing sources in 14 

the PRZ 15 
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Table 1-1 in the rebound studies parent SAP (DOE/RL-2021-23) identifies the PSQs that were evaluated 1 

and used to develop the monitoring data needs for the Horn subarea. All PSQs are applicable to this 2 

subarea except for PSQ 3, which is not included because potential continuing sources are spatially 3 

distributed and need to have their potential existence evaluated. Table 1 identifies a single well with over 4 

6 m (20 ft) of screen water column length. Well 199-H1-32 is located in the northern 100-H Area near 5 

the Columbia River. If a rebound effect is observed, then a decision will be made on vertical sampling on 6 

this well. Table 2 identifies the PSQs applicable to the Horn subarea. 7 

Table 2. Principal Study Questions 

PSQ Data Need 

PSQ 1 What is the magnitude and spatial extent of 

Cr(VI) concentration rebound in 

the absence of P&T? 

Increased frequency of Cr(VI) concentration measurements in 

groundwater in the absence of P&T operations.  

PSQ 2 In the absence of P&T operations, are 

Cr(VI) concentrations below or anticipated 

to meet the 100-D/H ROD 

(EPA et al., 2018) inland cleanup level of 

48 µg/L and surface water cleanup level of 

10 µg/L and expected to remain below 

cleanup levels? 

Increased frequency of Cr(VI) concentration measurements in 

groundwater in the absence of P&T operations.  

PSQ 4 How is the aquifer within the rebound study 

areas affected hydraulically following 

shutdown of P&T? 

Manual water-level measurements collected during sampling, 

automated water-level measurements from established AWLN 

wells, and water-level measurements from existing sensors in 

P&T extraction and injection wells. 

PSQ 5 Has groundwater hydrochemistry reverted 

to ambient conditions?* 

Increased frequency of measurements of major ions (calcium, 

nitrate, chloride, magnesium, potassium, sodium, and sulfate), 

alkalinity, specific conductance, and other field parameters in 

groundwater in the absence of P&T operations.  

Manual water-level measurements collected during sampling, 

automated water-level measurements from established AWLN 

wells, and water-level measurements from existing sensors in 

P&T extraction and injection wells.  

PSQ 6 What are the seasonal effects in 

groundwater Cr(VI) concentrations within 

the rebound study area due to river stage? 

Increased frequency of Cr(VI) concentration measurements in 

groundwater, in the absence of P&T operations, during high, 

low, and intermediate river stages. 

Increased sampling frequency of major ions (calcium, nitrate, 

chloride, magnesium, potassium, sodium, and sulfate), 

alkalinity, specific conductance, and other field parameters in 

groundwater in the absence of P&T operations. 

Measured water levels in the unconfined aquifer, in 

the absence of P&T operations, during high and low 

river stages.  



DOE/RL-2021-23-ADD5, DRAFT A 
SEPTEMBER 2023 

13 

Table 2. Principal Study Questions 

PSQ Data Need 

PSQ 7 Can the project use the data to supplement 

compliance monitoring? 

Information collected will be used to address previous PSQs. 

Increased frequency of total chromium and nitrate 

concentration measurements in groundwater in the absence of 

P&T operations. 

Data analysis and evaluation procedures used to demonstrate 

compliance with groundwater cleanup levels will be defined in 

a compliance monitoring plan prepared under 

WAC 173-340-410. 

References: EPA et al., 2018, Record of Decision Hanford 100 Area Superfund Site 100-DR-1, 100-DR-2, 100-HR-1, 

100-HR-2, and 100-HR-3 Operable Units, Hanford Site. 

WAC 173-340-410, “Model Toxics Control Act—Cleanup,” “Compliance Monitoring Requirements.” 

*Ambient conditions occur when groundwater flows along natural pathways and resumes a stable hydrochemical state in 

the absence of P&T.  

AWLN = Automated Water-Level Network 

Cr(VI) = hexavalent chromium 

P&T = pump and treat 

PSQ = principal study question 

ROD = Record of Decision 

 1 

The purpose of PSQ 7 is to determine if the data collected under the Horn subarea addendum could 2 

support the transition of the Horn subarea to compliance monitoring (if appropriate). Because total 3 

chromium and nitrate are identified as contaminants of concern in the 100-D/H ROD (EPA et al., 2018), 4 

total chromium and nitrate will be measured under PSQ 7 for informational purposes.  5 

All wells identified in Table 1 are applicable to PSQ 1, PSQ 2, and PSQ 4 through PSQ 7. One factor that 6 

will be considered in assessing PSQ 7 is whether extraction in the RUM-2 affects the unconfined aquifer. 7 

The alternative outcomes, which will determine actions to be completed based on the information 8 

collected, are included in Table A-1 of the rebound studies parent SAP (DOE/RL-2021-23). 9 

Three types of data are required to effectively monitor the progress of the rebound study. 10 

• Water-level measurements: manual, Automated Water-Level Network (AWLN), and other pressure 11 

sensor measurements 12 

• Analytical data: Cr(VI), total chromium, and major ion hydrochemistry (calcium, chloride, 13 

magnesium, nitrate, potassium, sodium, and sulfate) concentration measurements 14 

• Field parameters: specific conductance, pH, turbidity, dissolved oxygen, and temperature 15 

4 Rebound Study Design 16 

Information to be obtained during the rebound study includes water-level measurements, Cr(VI) and total 17 

chromium concentration measurements, major ion hydrochemistry, and field parameters (e.g., turbidity 18 

and dissolved oxygen). A one-year study is planned to be initiated in the fall of 2024. Rebound study 19 

evaluations will be ongoing during the year to determine if any changes to the rebound study design are 20 

required. Such changes will be agreed upon in collaboration between the U.S. Department of Energy, 21 

Richland Operations Office (DOE-RL) and Washington State Department of Ecology (Ecology) Project 22 

Leads. An evaluation will also be made to determine if sufficient data have been collected to answer 23 

the PSQs applicable to the Horn subarea at the end of the 12-month study period. If data gaps or 24 
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uncertainties are identified at the end of the first year, then the DOE-RL and Ecology Project Leads will 1 

make a collaborative decision whether extending the rebound study would provide data needed to address 2 

the data gaps and resolve the applicable PSQs. Concentration data at shoreline monitoring locations will 3 

be evaluated to determine whether plume migration and potential discharges to the river are caused due to 4 

shutdown of the P&T system. These evaluations will be based on comparing measured concentrations to 5 

the aquatic standard. However, associated concentration trends will also be evaluated to assess whether 6 

potential exceedances near the shoreline are not significant and should be considered acceptable for 7 

the duration of the test. In all cases, sufficient contingency measures (e.g., restart of the P&T system) are 8 

in place to prevent further contaminant discharges to the river.  9 

4.1 Monitoring Well Network 10 

For this rebound study, groundwater monitoring frequency is being increased in areas where the Cr(VI) 11 

plume currently exists (which can verify any potential presence of continuing sources) and at extraction 12 

wells to capture short-term changes in concentrations due to ceased well operation. Sampling every other 13 

month (bi-monthly) elsewhere (with a few exceptions) ensures that plume dynamics under ambient 14 

groundwater flow conditions are captured. Groundwater wells are identified as “inland” or “near-river” 15 

(Table 3) based on proximity to the river. In addition, wells located in the footprint of the plume will be 16 

sampled monthly. Sampling frequencies may be increased to address  unexpected conditions (e.g., rapidly 17 

and continuously changing concentration trends, or plume migration to locations of currently proposed 18 

lower frequency). The 100-HR-3 OU lead, in consultation with the DOE-RL and Ecology Project Leads, 19 

will determine if additional sampling is needed.  20 

Table 3 and Figure 5 provide the sampling locations for the Horn subarea rebound study. A total of 21 

18 extraction and 20 injection wells will be turned off for the duration of the study, as shown in Figure 6. 22 

A total of 17 extraction and 16 injection wells are connected to the HX P&T systems, and one extraction 23 

and four injection wells are connected to the DX P&T systems. Extraction and injection wells adjacent to 24 

but outside of the subarea will remain operational.  25 

4.2 Synchronous Water-Level Measurements 26 

Time-equivalent water-level measurements are essential for accurate hydraulic gradient and groundwater 27 

flow path estimation. Use of the AWLN ensures synchronous measurements. In addition, pressure sensors 28 

in the Horn subarea extraction wells will be queried to be synchronized to AWLN water-level 29 

measurements. The AWLN wells can be equipped to measure specific conductance in addition to water 30 

levels. This data may be collected opportunistically (i.e., it is not required by the rebound studies parent 31 

SAP [DOE/RL-2021-23]) to observe  changes in the hydrochemistry during the rebound study.  32 

Upgradient wells 699-93-48C, 199-H4-79 and 199-H4-78 will be used only for water-level 33 

measurements. Water-level sensors used to monitor groundwater levels during active P&T operations will 34 

be left in place during the rebound study and will continue to operate collecting data at an hourly 35 

frequency. The measurements will be used to compare hydraulic changes in the upgradient wells under 36 

natural conditions.  37 

The locations of current AWLN wells and P&T wells with pressure sensors are shown in Figure 7 and 38 

listed in Table 3. 39 
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4.3 Groundwater Sampling 1 

Table 3 summarizes the constituents to be collected and the frequencies that will be applied based on 2 

the identified PSQs. 3 

The project scientist will confirm aquifer tube functionality out in the field and will verify if repairs or 4 

tube extensions are possible prior to the start of the rebound study. Extraction wells are sampled at 5 

the valves in the P&T facility, and monitoring and injection wells are sampled at the well head. 6 

The extraction wells have their pump intakes near the bottom of the screen. Operators turn the extraction 7 

wells on to bring water to the facility, purge and take a sample, and then the wells are turned back off. 8 

In monitoring wells, the pump intakes are generally located either toward the middle or bottom of 9 

the screen. When portable pumps are used, the intakes will be set within the top 1.5 m (5 ft) of 10 

the aquifer. The majority of the extraction well intake depths will remain in place at the previously 11 

established depths to facilitate an expedient restart of the P&T system if needed. If the extraction wells 12 

show a minimum water column length (<1.1 m [3.5 ft]) that restricts pumping during low river-stage 13 

periods, sampling will be attempted by lowering the pump or removing the pump to permit 14 

bailer sampling. 15 
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Table 3. Summary of Sample Design and Availability of Water-Level Sensors in the Horn Subarea 

Well Name Well ID Well Type Designation 

Status of 

Water-Level Sensor 
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199-H1-1 C7585 Extraction Inland Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-12 C9926 Injection Near-river Sensor data availableb M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM DS DS DS DS DS DS 

199-H1-2 C7584 Extraction Inland Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-3 C7581 Injection Inland Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-32 C7100 Injection Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-33 C7105 Injection Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-34 C7108 Injection Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-35 C7106 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-36 C7102 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-37 C7099 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-38 C7098 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-39 C7109 Injection Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-4 C7604 Extraction Inland Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-40 C7104 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-42 C7107 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-45 C7477 Extraction Inland Sensor data availableb M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM DS DS DS DS DS DS 

199-H1-46 C9486 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-47 C9637 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-48 C9638 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-49 C9639 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H1-5f C7610 Injection Inland Sensor data availableb TM TM TM TM TM TM TM TM TM TM TM TM DS DS DS DS DS DS 

199-H1-51 D0212 Extraction Near-river Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 
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Table 3. Summary of Sample Design and Availability of Water-Level Sensors in the Horn Subarea 

Well Name Well ID Well Type Designation 
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199-H4-77 C7605 Injection Inland Sensor data availableb Q Q Q Q Q Q Q Q Q Q Q Q DS DS DS DS DS DS 

199-H4-80f C7595 Injection Inland Sensor data availableb TM TM TM TM TM TM TM TM TM TM TM TM DS DS DS DS DS DS 

199-H4-81 C7596 Extraction Inland Sensor data availableb M M M M M M M M M M M M DS DS DS DS DS DS 

199-H4-82f C7609 Injection Inland Sensor data availableb TM TM TM TM TM TM TM TM TM TM TM TM DS DS DS DS DS DS 

43-M B8278 Aquifer tube Near-river — Me Me Me Me Me Me Me Me Me Me Me Me DS DS DS DS DS — 

699-101-45 C5666 Monitoring Near-river Currently in AWLNd BM BM BM BM BM BM BM BM BM BM BM BM DS DS DS DS DS DS 

699-95-45 C5660 Monitoring Inland Currently in AWLNd Q Q Q Q Q Q Q Q Q Q Q Q DS DS DS DS DS DS 

699-95-45Bf C8950 Injection Inland Sensor data availableb TM TM TM TM TM TM TM TM TM TM TM TM DS DS DS DS DS DS 

699-97-41 C5657 Monitoring Inland Currently in AWLNd M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM M/BM DS DS DS DS DS DS 

699-97-43B C5664 Monitoring Inland No sensor datac BM BM BM BM BM BM BM BM BM BM BM BM DS DS DS DS DS DS 

699-97-45 C5659 Monitoring Inland Currently in AWLNd M M M M M M M M M M M M DS DS DS DS DS DS 

699-97-47B C9485 Monitoring Inland Currently in AWLNd  M M M M M M M M M M M M DS DS DS DS DS DS 

699-98-43 C5656 Monitoring Inland Currently in AWLNd M M M M M M M M M M M M DS DS DS DS DS DS 

699-98-46 C5658 Monitoring Inland No sensor datac M M M M M M M M M M M M DS DS DS DS DS DS 

699-99-44 C5650 Monitoring Inland Currently in AWLNd M M M M M M M M M M M M DS DS DS DS DS DS 

C5633 C5633 Aquifer tube Near-river — Me Me Me Me Me Me Me Me Me Me Me Me DS DS DS DS DS — 

C5636 C5636 Aquifer tube Near-river — Me Me Me Me Me Me Me Me Me Me Me Me DS DS DS DS DS — 

C5638 C5638 Aquifer tube Near-river — Me Me Me Me Me Me Me Me Me Me Me Me DS DS DS DS DS — 

C5641 C5641 Aquifer tube Near-river — Me Me Me Me Me Me Me Me Me Me Me Me DS DS DS DS DS — 
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Table 3. Summary of Sample Design and Availability of Water-Level Sensors in the Horn Subarea 
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C5678 C5678 Aquifer tube Near-river — Me Me Me Me Me Me Me Me Me Me Me Me DS DS DS DS DS — 

Note: Based on Section A3.2 in Appendix A of the rebound studies parent SAP (DOE/RL-2021-23, Rebound Studies Parent Sampling and Analysis Plan for the 100-HR-3 Operable Unit, Hanford), this rebound study is assumed to last up to a full river-stage cycle (i.e., 12 months) to ensure 

adequate understanding of contaminant migration as a result of river stage variation.  

a. Identified constituents will be analyzed using the methods specified in Table 2-3 in the rebound studies parent SAP (DOE/RL-2021-23). 

b. Water-level data from sensors used to monitor groundwater levels during active P&T operations will be left in place during the rebound study and will continue to operate at an hourly frequency. Water-level data from these sensors can be used to supplement the monitoring network where 

AWLN stations are not already installed.  

c. The well is not in the AWLN and does not have a sensor installed. Only manual water-level measurements will be available at this location.  

d. Identified wells are equipped with AWLN transducers that will continue to operate during the rebound study at an hourly frequency.  

e. Sampling of aquifer tubes will be performed monthly as river levels permit. 

f. These wells will be sampled at a frequency of every 3-month, if concentrations are below 10 µg/L for 2 sampling events then sampling for these wells will cease. 

— = no data available or not applicable  

AWLN = automated water-level network  

BM = bi-monthly; constituent will be sampled every other month  

DS = during sampling  

F = filtered  

ID = identification  

M = monthly; constituent will be sampled monthly 

M/BM = monthly; constituent will be sampled monthly for the first two months then on 

a bi-monthly basis for the remainder of the study 

Q = quarterly; constituent will be sampled quarterly  

SAP = sampling and analysis plan  

UF = unfiltered  

TM = tri-monthly; constituent will be sampled every 3 months.  

 1 

 2 
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 1 

Figure 5. Near-River and Inland Horn Subarea Sample Locations 2 

+ 
• ... 
T 

• 
• ... 
T 

T 
... 

Aquifer Tube c:J Rebound Study Subareas 

Monthly Monitoring Well 2021 Chromium Plume 

Monthly Extraction Well 
(August - December) 

Monthly Injection Well 
<10 µg/L 

Bimonthly Monitoring Well 
>10 and <20 µg/L 

Monthly/Bimonthly Monitoring Well - >20 and <48 µgll 

Monthly/Bimonthly Extraction Well 
>48 and <100 µg/L 

Monthly/Bimonthly Injection Well 
>100 µg/L 

Quarterly Monitoring Well 
0 100 200 300 m I Quarterly Injection Well 

Tri-Monthly Injection Well 
0 500 1,000 ft 

Well Prefix '199-' and '699-' omitted. 
CPCCO20230214-7 /18/2023 

98-46~ 

• 97-47B 

101-45 ..... 

H1-4 

. 97-45 

H1-12 

99-44-. 

'Y95-45B 

195-45 

H1-32~ 

H1-33~ 'YH1-34 

H1-35 4. 
j.H1-37 C5678 

.1 H1-38 
•~H1 -39 

_&H1-46 ~ H1-40 
~ H1-42 

H1-47_..,. 

H1-48,,,... 

97_41 '>< k H1-49 

• 97-43B H1-45 ~ 

• 

• 



DOE/RL-2021-23-ADD5, DRAFT A 
SEPTEMBER 2023 

 

20 

 1 

Figure 6. Injection and Extraction Wells in the Horn Subarea to Be Turned Off for Duration of Study  2 
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 1 

Figure 7. AWLN Wells and P&T Wells with Pressure Sensors 2 
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5 Data Evaluation and Reporting 1 

This chapter discusses the evaluation and interpretation of data and reporting the results. 2 

5.1 Data Review 3 

Data review and verification are discussed in Section 2.4.1 of the rebound studies parent SAP 4 

(DOE/RL-2021-23). In general, measurement data will be reviewed as they are received and will be 5 

verified through assessment against data quality objectives identified in Appendix A of the rebound 6 

studies parent SAP (DOE/RL-2021-23). Corrective actions and alternative outcomes will be reviewed and 7 

implemented as needed based on the data review. 8 

5.2 Statistical Evaluation 9 

The primary objective of this Horn subarea-specific rebound study is to (1) detect and quantify changes in 10 

Cr(VI) concentrations in unconfined aquifer groundwater that are a result of the shutdown of P&T 11 

systems and (2) to assess remedy performance and potential impacts from continuing sources. 12 

Collected Cr(VI) data will be evaluated using appropriate statistical techniques, as discussed below. 13 

Measured Cr(VI) concentrations will be compared to  cleanup levels using the standard and trend tests. 14 

A trend test, as described below, is used to identify sampled locations that exhibit upward, downward, 15 

insignificant, or indeterminate changes in concentrations over time. Groundwater elevation in each well is 16 

first compared to river stage to determine if groundwater elevations in the well respond in a systematic 17 

and predictable way to changes in river stage. Concentration data will then be compared to river stage to 18 

determine if concentrations exhibit a relationship to river stage and, if a relationship exists, to estimate 19 

the lag time between observed changes in river stage and observed concentration changes in the well. 20 

The relationship between chemistry and river stage is defined as follows (SGW-58883, Methodology for 21 

the Calculation of Concentration Trends, Means, and Confidence Limits for Performance and Attainment 22 

Monitoring, provides more detail on the basis for this calculation): 23 

ln(Ci) = α – βti + β1xi (Equation 1) 

where: 24 

C = fitted concentration (μg/L) 25 

t = time difference between a particular (daily average) concentration and the first 26 

concentration of the dataset (days) 27 

x = observed river stage (m) 28 

α, β, and β1 = fitting parameters corresponding to the equation intercept, date coefficient, and 29 

river-stage coefficient, respectively; they are assumed to be constant and are 30 

estimated using regression. 31 

Equation 1 reduces to a simple regression over time, shown in Equation 2, if (1) no correlation is 32 

determined between water levels in the well and river stage, or (2) the well is a pumping well: 33 

ln(Ci) = α – βti (Equation 2) 

Injection and extraction wells in the Horn Subarea will remain off for the duration of the rebound study 34 

and therefore will be treated the same as a monitoring well. 35 
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A censored regression (Tobit) model will be used to estimate the parameters (the basis for use of the Tobit 1 

censored regression method is detailed in SGW-58883). The Tobit model estimates linear relationships 2 

when there are left- or right-censored data (nondetects are left-censored data) in the dependent variable. 3 

When all data are quantified (i.e., no nondetects), the Tobit model yields the same parameter estimates as 4 

ordinary least squares regression. The trend test will result in two (or more) slope (trend) estimates and 5 

corresponding regression parameter standard errors, with at least one prior to and one (or more) following 6 

system shutdown. Trend test calculations are used to determine whether a statistically significant change 7 

in concentration trends is observed when the P&T system is shut down.  8 

A regression is calculated if (1) eight or more daily-average data points are available, and (2) less than 9 

50% of those data points are nondetects. The minimum number of data points will become available in 10 

8 months for wells with monthly sampling frequency. For periods or wells with insufficient data to 11 

perform the trend test, qualitative evaluation of the concentration time series will be performed to 12 

determine if there is evidence for changes in concentration trends at the monitoring location.  13 

This statistical approach has been routinely implemented at the Hanford Site as part of the annual 14 

summary reports for P&T operations in the River Corridor Operable Units (e.g., DOE/RL-2020-61, 15 

Calendar Year 2020 Annual Summary Report for the 100-HR-3 and 100-KR-4 Pump and Treat 16 

Operations and 100-NR-2 Groundwater Remediation). 17 

In addition to implementing the trend test for determining whether there is a statistically significant trend 18 

after the P&T system shutdown, a Mann-Whitney U Test should also be performed to evaluate whether 19 

concentrations after the P&T system shutdown are statistically different from those prior to shutdown. 20 

The Mann-Whitney U Test (also referred to as the Wilcoxon rank-sum test) is a nonparametric test that 21 

evaluates whether two independent sets of samples are derived from the same population. The null 22 

hypothesis for this test is that the two sets of samples are derived from the same population. As 23 

a nonparametric test, the Mann-Whitney U Test addresses the relative magnitude between samples by 24 

transforming the sample measurements into ranks. Calculations for this test should use the fitted 25 

concentrations calculated using Equation 1 or Equation 2. 26 

5.3 Interpretation 27 

Data from measurements and observations will be used to interpret groundwater conditions in the rebound 28 

study area. Interpretive techniques include the following: 29 

• Hydrographs: Graph water levels versus time to determine decreases and increases and seasonal or 30 

fluctuations in groundwater levels. 31 

• Hydraulic gradients: Rose diagrams to evaluate groundwater flow patterns and their impact on 32 

plume migration. 33 

• Water table maps: Use water table elevations from multiple wells to construct contour maps and 34 

estimate flow directions for both low river and high river stages. Groundwater flow is assumed to be 35 

perpendicular to the equal potential lines on the maps. 36 

• Plume maps: Map distributions of chemical constituent concentrations in the aquifer to determine 37 

the extent of contamination. Changes in plume distribution over time assist in determining plume 38 

movement and direction of groundwater flow.  39 
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• Trend plots: Graphs of concentrations of constituents versus time in relation to river stage 1 

fluctuations, and graphs of regression-based fitted concentrations and associated statistical trend, 2 

to determine the significance of observed concentrations.  3 

• Mann-Whitney box plots: Box plots population quartiles and test statistics (U, p, and Z values) to 4 

determine whether concentrations before and after shutdown are significantly different.  5 

Trend plots, Mann-Whitney test results, hydrographs, hydraulic gradient rose diagrams, water table maps, 6 

and plume maps will be reviewed in tandem to assess if and to what extent observed changes in 7 

concentrations relate to changes in water level or groundwater flow directions as a result of 8 

the P&T system shutdown. 9 

5.4 Reporting and Notification 10 

Results of the rebound studies will be discussed with DOE-RL and Ecology at least monthly. 11 

Monitoring location concentrations will be evaluated during these discussions, and a collaborative 12 

decision will be made regarding any potential need to modify the rebound study. Specifically, plume 13 

maps, water-level maps, and concentration trend plots will be prepared and presented to DOE-RL and 14 

Ecology as the basis for these discussions.  15 

Following the Horn subarea rebound study, a technical report will be prepared that describes the study 16 

and test conditions, summarizes data review and evaluations, and includes recommendations for 17 

the remedial action. 18 
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