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1 Purpose and Background 

This document presents an initial evaluation of the major ion chemistry composition of groundwater 

within the 100-HR-3 Operable Unit (OU). The evaluation compares the major ion composition of water in 

the uppermost water bearing unit in the Ringold Formation upper mud (RUM), the overlying unconfined 

aquifer, and the Columbia River. Groundwater quality type patterns can indicate locations where 

hydraulic connection occurs between aquifers, and between the aquifers and the river. Understanding the 

relationships between the aquifers is important for determining pump-and-treat optimization strategies to 

1) protect the Columbia River from groundwater contaminants and 2) remove groundwater contaminants 

from the 100-HR-3 OU. The purpose of this evaluation is twofold: 1) to estimate areas of groundwater 

communication between the unconfined and uppermost RUM aquifers and 2) to determine whether the 

RUM aquifer discharges directly to the Columbia River. The evaluation will be updated after data from 

new RUM aquifer wells are installed in 2020. 

1.1 Geology 

The uppermost confined or semiconfined aquifer unit in the RUM, referred to as the RUM aquifer, is 

separated from the overlying unconfined aquifer by a mud unit. The mud unit is composed of fine-grained 

sandy silt and silty clay materials that form an aquitard, but lateral continuity of these materials is not 

known at all locations across the Horn area. The RUM aquifer is composed of fine silt and sand and 

varies from 11 to 99 m (33 to 300 ft) thick across the Horn (Chapter 3, DOE/RL-2010-95, Remedial 

Investigation/Feasibility Study for the 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 

Operable Units). The RUM aquifer generally thins from west to east across the Horn. 

The lateral and vertical extent of the RUM aquifer, its degree of leakage and confinement by the 

overlying aquitard, and its hydraulic interconnection with the overlying unconfined aquifer and the 

Columbia River have been a subject of uncertainty (Chapter 3, DOE/RL-2010-95). Available data are 

lacking for sufficiently defining the lateral extent and nature of the RUM aquifer across the 100-HR-3 

OU. Contamination found in the uppermost RUM aquifer indicates that the overlying aquitard may be 

thin, permeable, or absent, which would provide a pathway for contaminants to migrate from the 

unconfined aquifer to the uppermost RUM aquifer. 

The unconfined aquifer in the 100-HR-3 OU is composed of sands and gravels of the Ringold Formation 

(unit E) beneath most of the 100-D Area and transitions to the more permeable sands and gravels of the 

Hanford formation eastward across the Horn, and in the 100-H Area (Chapter 3, DOE/RL-2010-95). 

Discontinuous pockets of Ringold Formation unit E are present in the eastern part of the Horn. The 

unconfined aquifer thins from west to east across the Horn from the 100-D Area to the 100-H Area and 

has a thickness that ranges from near 0 to 12 m (39 ft). The aquitard defines the base of the unconfined 

aquifer. 

1.2 Hydrochemistry 

Groundwater in deeper confined aquifers typically have longer residence times and more evolved 

groundwater chemistries compared to shallower unconfined groundwater. This is due to various processes 

within the flow system, including residence time for geochemical processes to take place, chemical 

reactions between the groundwater and the aquifer matrix, and length of groundwater flow paths. With 

increased residence time, more chemical interaction with the aquifer matrix, and longer flow paths 

groundwater in deeper confined aquifers evolves to a predominantly sodium (Na) character and has a 

chemical composition distinctly different than shallower unconfined groundwater. One method for 

evaluating whether mixing of unconfined aquifer groundwater occurs within the RUM aquifer is to 
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compare the general chemical composition of groundwater within these aquifers. Where there is a similar 

chemical composition between deep and shallow groundwater, this indicates mixing and suggests 

hydraulic interconnection between aquifers. 

The Columbia River acts as a discharge boundary for the unconfined aquifer and is hydraulically 

connected to unconfined aquifer groundwater (PNNL-13674, Zone of Interaction Between Hanford Site 

Groundwater and Adjacent Columbia River). The Columbia River also acts as a source or recharge 

boundary. Due to this hydraulic connection, river water chemistry must be considered in the evaluation. 

In addition, since the 100-HR-3 OU pump and treat (P&T) system has impacted the unconfined aquifer, 

the chemistry of the treated effluent returned to the unconfined aquifer must also be considered in the 

evaluation. Groundwater is pumped from both the unconfined and RUM extraction wells and is treated 

before it is returned solely to the unconfined aquifer at injection well locations within the 100-HR-3 OU 

(DOE/RL-2018-67, Calendar Year 2018 Annual Summary Report for the 100-HR-3 and 100-KR-4 Pump 

and Treat Operations, and 100-NR-2 Groundwater). 

1.3 Sources of Dissolved Ions in Groundwater 

The most abundant ions in groundwater at the 100-HR-3 OU are calcium, bicarbonate (HCO3), and 

sulfate (Table 1). These three ions also have the highest background major ion concentrations in the 

Hanford unconfined aquifer. These ions are common in groundwater systems and rock-water interactions 

are the source of background concentrations. These rock-water interactions are discussed in detail in 

DOE/RL-92-23, Hanford Site Groundwater Background. 

Nitrate concentrations in 100-HR-3 groundwater is primarily the result of artificial recharge from liquid 

waste disposal activities. The 183-H Solar Evaporation Basins received liquid waste containing high 

concentrations of NO3 during its operation (UNI-3880, UNC Nuclear Industries Reactor and Fuels 

Production Facilities 1985 Effluent Release Report). 

A number of anthropogenic sources of sulfate are known to occur in the 100-HR-3 OU. Treated effluent 

from the DX and HX P&T systems, which contains elevated SO4 concentrations, is reinjected into the 

unconfined aquifer. Elevated SO4 is a result of the treatment process whereby sulfuric acid is added to the 

extracted groundwater to adjust the pH before treatment (DOE/RL-2013-49, 100-HR-3 Pump and Treat 

System Operations and Maintenance Plan). A map of the DX and HX P&T system is shown in Figure 1. 

The In Situ Redox Manipulation (ISRM) barrier in 100-D Area has contributed to increased SO4 

concentrations in groundwater (PNNL-13349, 100-D Area In Situ Redox Treatability Test for Chromate-

Contaminated Groundwater), as a result of the injection of sodium dithionite into the aquifer at that 

location. Another source contributing to increased SO4 concentrations in unconfined aquifer groundwater 

at the 100-HR-3 OU include the 183-H Solar Evaporation Basins. The basins received liquid waste 

containing high concentrations of SO4 during its operation (UNI-3880).  
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Table 1. Concentration Ranges and Averages of Major Chemical Ions within Unconfined  
and RUM Aquifer Groundwater at the 100-HR-3 Operable Unit 

Major Ion 

100-HR-3 OU 

Unconfined 

Aquifer Range 

(mg/L) 

100-HR-3 OU 

Unconfined 

Aquifer Average 

(mg/L) 

100-HR-3 OU 

RUM Aquifer 

Range  

(mg/L) 

100-HR-3 OU 

RUM Aquifer 

Average 

(mg/L) 

Hanford Site 

Unconfined 

Aquifer 

Background 

(mg/L) a 

Anions 

HCO3
- (as CaCO3) 86 – 380 149 75.8 – 200 128 145 b 

Cl- 1.1 – 31.4 13.2 1.0 – 26.2 6.4 7.1 

SO4
2- 10.8 – 200 105 11.0 – 71.7 33.3 27.1 

NO3
- 1.1 – 57.5 21.6 0.1 – 100 13.8 5.7 

Cations 

Ca2+ 22.3 – 129 62.8 15.0 – 53.5 32.4 36.5 

Mg2+ 4.4 – 22.4 13.7 3.3 – 19.6 11.1 11.2 

Na+ 3.8 – 39.5 22.0 3.3 – 33.6 12.6 13.4 

K+ 2.5 – 7.1 5.1 3.7 – 9.2 4.9 4.6 

Note: Major ion data for the 100-HR-3 OU unconfined and RUM aquifers are from samples dated 2015-2019 except for the 

sample from RUM well 199-D8-54B, which is dated 2004. 

a. Geometric mean for the Hanford Site (DOE/RL-96-61, Hanford Site Background: Part 3, Groundwater Background) 

b. Calculated from the geometric mean background concentration for alkalinity of 118.6 mg/L (as CaCO3) 

OU = operable unit 

RUM = Ringold Formation upper mud 
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Figure 1. DX and HX P&T System 

2 Methods 
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ion constituents is described in ECF-100HR-19-0105, Ion Balance Calculations for Groundwater at the 

100-HR-3 Operable Unit. The sample dates of the complete datasets selected for the RUM and 
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HCO3, calculating the equivalent concentrations for each ion species, and calculating the total sum of 

cations and total sum of anions. 

Standard and widely accepted methods for comparing and evaluating the general chemical composition of 

groundwater between aquifers is to display results of major ion calculations onto Stiff, radial, and Piper 

(or tri-linear) diagrams. These graphical methods were used to determine similarities or differences in the 

general chemical composition of water in the unconfined and RUM aquifers, and the Columbia River. 

Radial diagrams show differences in water composition patterns from individual water samples and are 

useful for displaying the patterns spatially on a map or comparing patterns over time (Lloyd and 

Heathcote, 1985, Natural Inorganic Hydrochemistry in Relation to Groundwater). Radial diagrams were 

preferred over Stiff diagrams for visually comparing and discerning different patterns and shapes on a 

map because the ionic species are accentuated on radial axes compared to the horizontal axes displayed 

by the Stiff diagram. 

The water types identified for each of the RUM and unconfined aquifers and river water were based on 

the Piper diagram classification system (Piper, 1944, “A graphic procedure in the geochemical 

interpretation of water-analyses”). Piper diagrams visually show the distribution or trends of many water 

samples to indicate the effects of mixing of waters from different sources. These graphical methods 

require that major ion calculations are performed using complete major ion datasets for each of the 

aquifers and river water. 

A well pair or a well cluster consisting of three or more wells or piezometers at a single location, but with 

each individual well or piezometer completed in different aquifer units, can be used to evaluate the 

hydrochemistry relationship between the RUM aquifer and unconfined aquifer and between the RUM 

aquifer and river water near the Columbia River shore. The degree of mixing between the aquifer 

groundwater and river water depends on physical factors such as aquifer hydraulic properties, boundary 

conditions, and hydraulic gradients between the well and the river. 

3 Hydrochemical Characteristics 

Figure 2 shows the locations of 100-HR-3 OU monitoring wells used in this evaluation, which includes 

all 26 RUM aquifer wells (as of 2019) and a subset of 43 unconfined aquifer wells to reduce redundancy 

in 100-D and 100-H Areas. The subset of unconfined aquifer wells spatially cover the same general area 

as the RUM aquifer wells, covering an area that extends across the central part of the Horn from the 

100-D Area to the 100-H Area. Figure 2 also shows the locations of the Columbia River spring sample 

near the 100-H Area and the river samples (100-N sample upstream off of map).  

Table 1 presents the concentration ranges and averages of major chemical ions in the unconfined and 

RUM aquifer groundwater monitoring wells that are shown on the map in Figure 2. The background 

concentrations of chemical ions in Hanford Site unconfined groundwater is also shown in Table 1. 

Table 1 shows that the most dominant cations and anions dissolved in 100-HR-3 OU groundwater are 

calcium and HCO3, respectively. This dominance is consistent with ion composition of unconfined 

groundwater across the Hanford Site (RHO-BWI-ST-5, Hydrologic Studies within the Columbia Plateau, 

Washington: An Integration of Current Knowledge). Nitrate concentrations reflect the impact of artificial 

recharge from liquid waste disposal activities. Sulfate concentrations in 100-HR-3 unconfined 

groundwater average much higher than the background sulfate concentration of 27.1 mg/L for Hanford 

Site unconfined groundwater (DOE/RL-96-61, Hanford Site Background: Part 3, Groundwater 

Background). A number of anthropogenic sources of sulfate are known to occur in the 100-HR-3 OU, 

including treated effluent from the DX and HX P&T systems reinjected into the unconfined aquifer, 
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injection of sodium dithionite at the In Situ Redox Manipulation site, and liquid wastes containing sulfate 

at the 183-H Solar Evaporation Basins. 

A summary of major ion balance calculations and results for groundwater chemical composition within 

the 100-HR-3 OU unconfined and RUM aquifers and river water composition are documented in 

ECF-100HR-19-0105. Radial diagrams for each of the RUM and unconfined aquifer wells are presented 

in Appendix A and B, respectively. A summary of analytical results used for the radial diagrams and 

specific conductance data are provided in Appendix C. 

 

Figure 2. Map of RUM and Selected Unconfined Aquifer Well Locations Used for the Hydrochemistry 
Evaluation, 100-HR-3 Groundwater Operable Unit 
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3.1 RUM Aquifer Hydrochemistry 

The chemical composition of RUM aquifer groundwater is categorized into five hydrochemistry types 

based on the Piper diagram classification system (Figure 3). Table 2 summarizes the RUM aquifer 

hydrochemistry types, including well numbers, water type, and a characteristic description of each water 

type. 

The shapes of the radial diagrams show variability in the major ion chemical composition of RUM aquifer 

groundwater. Groundwater from more than half of the RUM aquifer wells is categorized as a Ca-HCO3 

water type, designated as Type 1 (blue). Most of the wells classified as Type 1 groundwater are located in 

and near the 100-H Area, including two wells (199-H3-13 and 199-H3-22) that have relatively higher 

nitrate concentrations. Four of the Type 1 wells lie in the central part of the Horn. Type 1 composition is 

typical of unconfined aquifer groundwater across much of the Hanford Site. Groundwater chemistry 

categorized as (Ca-Mg-Na Mix)-HCO3 is designated as Type 2 (red). Type 2 water is characterized as a 

type similar to Type 1, but with a higher proportion of Mg and Na. Type 2 wells include two wells in the 

100-D Area, two wells in the central part of the Horn, and three wells in the 100-H Area.  
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Figure 3. Map of Major Ion Chemistry Distribution Patterns for the RUM Aquifer, 100-HR-3 Operable Unit  
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Table 2. RUM Aquifer Groundwater Hydrochemistry Types, 100-HR-3 Operable Unit 

Type 

Number 

(Color) Well Numbers Water Type Characteristics 

1 (Blue) 199-H1-50 

199-H3-9 

199-H3-12 

199-H3-13 

199-H3-22 

199-H3-28 

199-H3-30 

199-H3-32 

199-H4-12C 

199-H4-15CS 

199-H4-90 

199-H4-91 

699-97-43C 

699-97-45B 

699-97-48C 

699-97-61 

Ca-HCO3 Typical composition of 

unconfined aquifer 

groundwater across much of 

the Hanford Site dominated by 

Ca and HCO3 

2 (Red) 199-D5-134 

199-D8-54B 

199-H2-1 

199-H3-2C 

199-H3-10 

699-95-45C 

699-97-60 

(Ca-Mg-Na Mix)-HCO3 Mixed Ca, Mg, and Na cation 

composition. Anions 

dominated by HCO3 

3 (Green) 199-H3-29 Ca-(HCO3-NO3 Mix) Nitrate contamination likely 

altered composition from a Ca-

HCO3 type 

4 (Orange) 199-H7-1 (Ca-Mg-Na Mix)-(HCO3-Cl-

SO4 Mix) 

Unusually high Cl proportion 

relative to all other RUM 

water types; high proportion of 

Na 

5 (Purple) 199-D5-141 Na-(HCO3-SO4 Mix) Cations dominated by Na with 

a mix of HCO3 and SO4. 

Lower HCO3 proportion 

relative to all other RUM 

water types 

Note: Chemistry water types based on 2015-2019 data except for well 199-D8-54B, which is based on 2004 data. 

RUM = Ringold Formation upper mud 
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One RUM aquifer well (199-H3-29) near the 183-H Solar Evaporation Basins shows a radial diagram 

pattern associated with high nitrate (NO3) and HCO3 concentrations balanced by a high proportion of 

calcium (Ca). This Type 3 (green) water is classified as Ca-(HCO3-NO3 mix). Nitrate contamination 

levels ranging up to 416 mg/l have been detected in wells 199-H3-13, 199-H3-22, and 199-H3-29. 

Because these three wells are surrounded geographically by some of the Type 1 wells (Figure 3), the data 

suggest that NO3 contamination in the RUM aquifer has changed the major ion composition at these three 

locations. More specifically, a comparison of the anion composition between the Type 1 and Type 3 wells 

in 100-H Area shows that the increased proportion of NO3 has generally been offset by a decreased 

proportion of HCO3 and/or sulfate (SO4) (Figure 4). Also, these three locations show higher Ca and Mg 

concentrations to balance the NO3. The basins received liquid waste containing high concentrations of 

NO3 during its operation (UNI-3880). 

One well (199-H7-1) in the north-central part of the Horn represents Type 4 (orange) groundwater, 

classified as (Ca-Mg-Na mix)-(HCO3-Cl-SO4 mix). Groundwater ion composition from this well has a 

high proportion of Na, similar to the composition of Type 2 groundwater, but also has an unusually high 

Cl concentration relative to all other RUM aquifer wells. One hypothesis is that high Cl concentration in 

this well is associated with upward vertical leakage of deep groundwater within the underlying basalt 

aquifer system. Although vertical hydrochemical profiles in DOE/RW-0164, Site Characterization Plan: 

Reference Repository Location, Hanford Site, Washington, do not support this hypothesis, it has been 

suggested that structural conduits or preferential flow paths might permit upwelling into shallower 

groundwater in localized areas (DOE/RL-92-23). The potentiometric surface map of the upper basalt 

confined aquifer show hydraulic heads in the Horn area that are much higher than hydraulic heads in the 

RUM aquifer, indicating an upward vertical hydraulic gradient between the basalt aquifer and the RUM 

aquifer. Hydraulic heads in the upper basalt confined aquifer are inferred to range from 125 to 134 m 

above mean sea level (PNL-10817, Hydrochemistry and Hydrogeologic Conditions Within the Hanford 

Site Upper Basalt Confined Aquifer System). Hydraulic heads in the RUM aquifer range from 

approximately 115 to 117 m above mean sea level across the Horn.
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Figure 4. Comparison of Anion Composition of RUM Aquifer Groundwater Types 1 and 3 in 100-H Area Showing a) Absolute Milliequivalent 
Concentrations, and b) Percent Milliequivalents 
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Type 5 (purple) water is classified as Na-(HCO3-SO4 mix). Groundwater from RUM aquifer well 

199-D5-141 has a distinct radial diagram pattern that shows a lower proportion of Ca and HCO3 with a 

higher proportion of Na and potassium (K) relative to groundwater from other RUM aquifer wells. No 

chromium or NO3 contamination from the overlying unconfined aquifer has migrated to the RUM aquifer 

at this well location. 

A Piper (or trilinear) diagram showing the major ion proportions for the each of the five RUM aquifer 

water types is presented in Figure 5. The cation triangular plot indicates a trend from a Ca-rich to a 

Na-rich groundwater. The milliequivalent concentration proportions of Ca decrease from a high of 58% 

(Type 1) to a low of 28% (Type 5) and the Na+K concentration proportions increase from 8% to 61%. 

Magnesium concentration proportions in the trend decrease from 36% to 10%. 

The anion triangular plot shows that the RUM aquifer groundwater chemistry is dominated by a HCO3 

water type (Figure 5). Three RUM aquifer wells (199-H3-13, 199-H3-22, and 199-H3-29), located near 

the 183-H Solar Evaporation Basins, show higher NO3 concentrations (61, 49, and 100 mg/L in 2019, 

respectively) relative to NO3 at other RUM well locations and display the scattered data points towards 

the right on the anion triangular plot. Not including these three data points, the anion triangular plot 

indicates a decreasing trend from 88% to 46% HCO3 and an increasing trend from approximately 10% to 

38% SO4. 

The cation and anion data points projected onto the diamond-shaped diagram show the RUM aquifer 

water Types 1 through 5 lie scattered on the left side of the plot, characterized by a high Ca and HCO3 

proportion that exceeds 50%. RUM groundwater Type 5 shows a distinctly different composition 

compared to RUM groundwater Types 1 to 4. Type 5 groundwater is characterized by a high proportion 

of Na with a mix of HCO3 and SO4. 
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Figure 5. Piper Diagram for the RUM Aquifer Well Hydrochemistry Types 

3.2 Unconfined Aquifer Hydrochemistry 
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and Type 2 (red) groundwater, the shapes of the radial diagrams for approximately 2/3 of the unconfined 

aquifer wells indicate a chemical composition with higher sulfate concentrations that is different from 
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Figure 6. Map of Major Ion Chemistry Distribution Patterns for the Unconfined Aquifer, 100-HR-3 Operable Unit  
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Table 3. Unconfined Aquifer Groundwater Hydrochemistry Types, 100-HR-3 Operable Unit 

Type Number 

(Color) Well Numbers Water Type Characteristics 

1 (Blue) 199-H1-46 

199-H1-47 

199-H1-49 

199-H3-21 

199-H4-10 

199-H4-12A 

199-H4-84 

199-H4-89 

699-96-43 

699-97-41 

699-97-45 

699-98-43 

Ca-HCO3 Typical composition of unconfined aquifer 

groundwater across much of the Hanford 

Site dominated by Ca and HCO3 

2 (Red) 199-H4-92 

199-H6-7 

699-88-41A 

(Ca-Mg-Na 

Mix)-HCO3 

Mixed Ca, Mg, and Na cation 

composition. Anions dominated by HCO3 

6 (Fuchsia) 199-D4-102 

199-D4-103 

199-D5-152 

199-D5-160 

199-D6-3 

199-D8-101 

199-D8-102 

699-95-51 

699-96-52B 

699-97-51A 

699-98-51 

Ca-SO4 High proportion of Ca and SO4 relative to 

other unconfined aquifer types 

7 (Olive Green) 199-D3-5 

199-H1-7 

199-H3-6 

199-H3-7 

199-H4-5 

199-H4-13 

199-H4-45 

199-H4-46 

199-H4-85 

199-H4-86 

Ca-(HCO3
-SO4 

Mix) 

Dominated by Ca with a mix of HCO3 and 

SO4 
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Table 3. Unconfined Aquifer Groundwater Hydrochemistry Types, 100-HR-3 Operable Unit 

Type Number 

(Color) Well Numbers Water Type Characteristics 

199-H4-87 

199-H4-88 

199-H6-1 

199-H6-8 

699-95-45 

699-95-48 

699-98-46 

 

Type 1 (blue) groundwater within the unconfined aquifer occurs in wells in the northeast region of the 

Horn, including wells near the river shore in 100-H Area. Groundwater in the southeast region of the 

Horn outside the 100-H Area, where few data points exist, is classified as Type 2 (red) water. Type 6 

(fuchsia) groundwater is a Ca-SO4 water type that dominates the western region of the 100-HR-3 OU, 

including the 100-D Area. This water type is characterized by a high proportion of Ca and SO4 relative to 

groundwater composition in other regions of the 100-HR-3 OU. The unconfined aquifer in the 100-H 

Area is dominated by Type 7 (olive green) water, which is classified as Ca-(HCO3-SO4 mix). Three wells 

in the central part of the Horn and one well in 100-D Area also indicate Type 7 groundwater. 

Figure 7 is a Piper diagram showing the major ion proportions for each of the four groundwater types in 

the 100-HR-3 OU unconfined aquifer. The data show a clustered cation composition with all water types 

dominated by Ca. The milliequivalent concentration proportions of Ca range from 45% to 69%, the Na+K 

concentration proportions range from 11% to 31%, and the Mg concentration proportions range from 14% 

to 29%. 

The anion triangular and diamond-shaped plots show a linear trend pattern with an increased proportion 

of SO4 and decreased proportion of HCO3. The milliequivalent concentration proportion of SO4 increases 

from 13% (Type 1) to 61% (Type 6) while the HCO3 proportion decreases from 83% (Type 1) to 28% 

(Type 6). Chloride and NO3 make up the smallest proportion of 3% to 21%. 

The cation and anion data points projected onto the diamond-shaped diagram show the unconfined aquifer 

water types with a trend pattern that increases in the proportion of Cl+SO4+NO3 and decreases in the 

proportion of HCO3. Because of the clustered cation composition, the trend on the diamond-shaped plot is 

similar to the trend on the anion triangular plot. 
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Figure 7. Piper Diagram for the Unconfined Aquifer Well Hydrochemistry Types, 100-HR-3 Operable Unit 

3.3 Columbia River Hydrochemistry 

Columbia River water is categorized as a Ca-HCO3 water type, or Type 1 (blue) water, based on the Piper 

diagram classification system (Figures 3 and 6 and Table 4). Columbia River water major ion chemistry 
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Area, and a spring sample from the 100-H Area (Figure 2). A Ca-HCO3 water type is typical of Columbia 

River water (RHO-BWI-ST-5). A radial diagram for Columbia River water shows a similar composition 

as Type 1 water in the unconfined and RUM aquifers, but at much lower total ion concentrations 

(Figure 8). 
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Table 4. Columbia River Hydrochemistry Water Type 

Type Number 

(Color) Site Locations Water Type Characteristics 

1 (Blue) Columbia River 

(100-N) 

RCBRA CR5, 

RCBRA CR7, and 

RCBRA CR10 (near 

100-D Area) 

Spring 152-2 (near 

100-H Area) 

Ca-HCO3 Typical composition of Columbia River 

water dominated by Ca and HCO3 

 

 

Figure 8. Radial Diagram for Columbia River Water Compared to the RUM and Unconfined Aquifers 

Figure 9 is a Piper diagram showing the major ion proportions for the Columbia River water type near the 

100-HR-3 OU. The diagram shows very little difference in chemical composition between the river and 

spring water samples. Columbia River water is dominated by Ca (66% to 67%) and HCO3 (80% to 86%). 

It is assumed that major ion concentrations in river water does not change significantly and retains a 

Type 1 water along the 100-HR-3 river corridor. 

0.0

1.0

2.0

3.0
Ca

Cl+NO3

SO4

HCO3

Na+K

Mg

  Spring 152-2   Columbia River (100-N)

  RUM Type 1 Average   Unconfined Type 1 Avg.

D 

D 

D 

D 



SGW-64254, REV. 0 

23 

 

Figure 9. Piper Diagram for Columbia River Water 
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Columbia River shore. Well cluster 199-H3-2 is located near the 183-H Solar Evaporation Basins. Three 

well pairs are located in the central part of the Horn. A map shows the locations of the well clusters and 

pairs (Figure 10). 
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Figure 10. Map of Well Clusters, 100-HR-3 Operable Unit 
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three wells, with similar total ion concentrations, before well 199-H3-2C was converted to an extraction 

well. Historically, these wells have shown a similar chemical composition and similar total ion 

concentrations dating back to the 1990s, which suggests that the RUM aquifer is connected hydraulically 

to the overlying unconfined aquifer at this well cluster location, even under small vertical hydraulic 

gradients. The difference in water-level elevation between the unconfined aquifer and the RUM aquifer at 

this well cluster fluctuated between approximately -0.1 m to +0.1 m, suggesting a small vertical hydraulic 

gradient that fluctuates between upward and downward. Well 199-H3-2C was shown to be hydraulically 

connected to overlying unconfined aquifer wells 199-H3-2A and 199-H3-2B during an aquifer rebound 

test conducted in 2009 (SGW-47776, Aquifer Testing and Rebound Study in Support of the 100-H Deep 

Chromium Investigation). A hydraulic pumping test performed at well 199-H3-2C in 2016 demonstrated 

that the RUM aquifer at this well cluster is a leaky confined aquifer (SGW-60571, Aquifer Testing of the 

First Water-Bearing Unit in the RUM at 100-H). 

The chemical composition of RUM well 199-H3-2C before 2011 (Figure 12) shows a departure from the 

Ca-Na trend shown in Figure 5. After the HX P&T system began operating, the chemical composition at 

well 199-H3-2C changed from a Type 1 (Ca-HCO3) to a Type 2 (Ca-Mg-Na mix-HCO3) water 

(Figures 13 and 14). Well 199-H3-2C continues to operate as an extraction well (as of 2019) and Type 2 

water at well 199-H3-2C has persisted through 2018. Because of continuous pumping at extraction well 

299-H3-2C, the source of extraction represents larger radial distances (i.e., radius of influence has 

increased over time). The change from a Type 1 to a Type 2 water is attributed to increased Mg 

concentrations in well 199-H3-2C extracted from the surrounding RUM aquifer (i.e., characteristic of the 

Ca-Na trend shown in Figure 5). The chemical composition of unconfined groundwater from monitoring 

wells 199-H3-2A and 199-H3-2B after the HX system began operating is unknown because complete 

major ion datasets are not available for these two wells after 2010. 

 

Figure 11. Radial Diagram for Unconfined Aquifer Wells 199-H3-2A  
and 199-H3-2B and RUM Aquifer Well 199-H3-2C 
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Figure 12. Piper Diagram for Well Cluster 199-H3-2 
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Figure 13. Radial Diagram for RUM Aquifer Well 199-H3-2C  
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Figure 14. Piper Diagram for RUM Well 199-H3-2C 
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199-H4-12A and 199-H4-12B has shown a Type 1 water between 1990 and 2010, but with slightly 

different chemical composition (Figures 15 and 16). Figure 15 indicates that total ion concentrations in 

the unconfined aquifer (wells 199-H4-12A and 199-H4-12B) were much higher than in the RUM aquifer 

(well 199-H4-12C) and river water. Also, specific conductance in the unconfined aquifer varied in 

response to river stage changes. 

After 2011, when the HX P&T system began operating, groundwater at well 199-H4-12C continued to 

maintain a Type 1 water chemistry similar to that of 1990-2010 (Figure 17) and maintained a specific 

conductance higher than river water with little variability. Radial plots and Piper diagrams for well 

199-H4-12A, on the other hand, indicate that groundwater chemistry in the unconfined aquifer changed 

between 2010, 2013-2014, and 2015-2017 (Figures 15, 16, 17, 18, and 19). These chemistry changes 

occurred when well 199-H4-12A operated as a P&T extraction well. The chemical composition of 

groundwater at well 199-H4-12A was the same as Columbia River water in 2015-2017 with similar total 

ion concentrations. These data suggest that hydraulic connection between the unconfined aquifer and the 

river was induced under prolonged pumping (extraction) conditions. 

Total ion concentration and specific conductance data indicate that RUM aquifer groundwater does not 

mix with unconfined groundwater and river water at the 199-H4-12 well cluster location. Total ion 

concentrations at RUM well 199-H4-12C are similar to total ion concentrations from inland RUM wells 

that display Type 1 water. Similar to well cluster 199-H3-2, the differences in water-level elevation 

between the unconfined aquifer and the RUM aquifer at the 199-H4-12 well cluster under ambient 

conditions indicate a small vertical hydraulic gradient that fluctuates between upward and downward. The 

elevation of the top of the RUM aquifer at the 199-H4-12 well cluster is 104.4 m (above mean sea level) 

with a 2.4 m thick overlying aquitard. The Columbia River stage changes seasonally in elevation and 

ranges from approximately 112 to 116 m or more at 100-H Area. 

A pressure loading effect on a compressible aquitard, where the hydraulic response in the RUM aquifer 

due to Columbia River stage changes, is nearly immediate at the well 199-H4-12 cluster location 

(SGW-47776). Direct hydraulic connection through a leaky aquitard associated with a pressure response 

delay to changes in Columbia River stage does not occur at well 199-H4-12C. 
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Figure 15. Radial Diagram for Well Cluster 199-H4-12 and Columbia River between 1990 and 2010  
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Figure 16. Piper Diagram for Well Cluster 199-H4-12 in 2010  
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Figure 17. Radial Diagram for Well Cluster 199-H4-12 after the HX P&T System Began Operating  
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Figure 18. Piper Diagram for Well Cluster 199-H4-12 in 2013-2014  
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Figure 19. Piper Diagram for Well Cluster 199-H4-12 in 2015-2017  
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at RUM well 199-H4-15CS are similar to total ion concentrations from inland RUM wells that display 

Type 1 water. Radial diagram patterns and Piper diagrams for the unconfined aquifer (wells 199-H4-15A 

and 199-H4-15B) show a Type 1 water between 1990 and 2004 (Figures 22 and 23). The unconfined 

aquifer groundwater type changed to a Type 7 in 2010. No complete major ion datasets are available after 

2010 for the unconfined aquifer wells at this location. DOE/RL-2010-95, Chapter 3 and Appendix M, 

noted that the groundwater from all other wells and piezometers at this well cluster location shows 

chemistry that is dissimilar to river water chemistry and have distinctly different chemical patterns. 

 

 

Figure 20. Radial Diagram for RUM Aquifer Well 199-H4-15CS and Columbia River Water 
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Figure 21. Piper Diagram for RUM Well 199-H4-15CS
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Figure 22. Radial Diagram for Unconfined Aquifer Wells 199-H4-15A and 199-H4-15B for (a) 1990 through (e) 2010 
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Figure 23. Piper Diagram for Unconfined Aquifer Wells 199-H4-15A and 199-H4-15B 

4.4 Well Pair 699-95-45 and 699-95-45C 

Well pair 699-95-45 (unconfined aquifer well) and 699-95-45C (RUM aquifer well) are located in the 

central part of the Horn region west of the 100-H Area (Figure 10). Analytical data for this well pair are 

provided in Appendix D. RUM aquifer groundwater at this new (2019) well indicate a Type 2 water 

(Figures 24 and 25). This RUM aquifer water type differs from unconfined groundwater, which showed a 

Type 1 water (2009-2010) that changed to a SO4-rich Type 7 water in 2014-2015 (Figures 25 and 26). 

The altered major ion chemistry at well 699-95-45 is attributed to anthropogenic sources of SO4 in 

groundwater. Injection well 699-95-45B located near this well pair receives treated effluent containing 

SO4. Total ion concentrations and specific conductance in the unconfined aquifer are generally higher 

than in the RUM aquifer at the well pair. Although no recent major ion chemistry data are available for 

the unconfined aquifer well, the data in Figures 24, 25, and 26 and Appendix D suggests that mixing of 
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Figure 24. Radial Diagram for RUM Aquifer Well 699-95-45C 
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Figure 25. Piper Diagram for Well Pair 699-95-45 and 699-95-45C 
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Figure 26. Radial Diagram for Unconfined Aquifer Well 699-95-45 
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concentrations and specific conductance in the unconfined aquifer are higher than in the RUM aquifer at 

this well pair. Water-level head differences between these wells (ranging up to 0.5 m) indicate a 

predominantly upward vertical hydraulic gradient between the RUM and unconfined aquifers. The 

chemical composition and total ion concentration data indicates that mixing does not occur between 

aquifers at this well pair location. 
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Figure 27. Radial Diagram for Wells 699-97-45 (Unconfined) and 699-97-45B (RUM) 
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Figure 28. Piper Diagram for Well Pair 699-97-45 and 699-97-45B 

4.6 Well Pair 699-97-48B and 699-97-48C 

Well pair 699-97-48B (unconfined aquifer well) and 699-97-48C (RUM aquifer well) are located in the 
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are provided in Appendix D. 
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unconfined aquifer and the RUM aquifer at this well pair of near 0 to 0.4 m indicates a predominately 

upward vertical hydraulic gradient from the RUM aquifer to the unconfined aquifer. 

 

Figure 29. Radial Diagram for RUM Aquifer Well 699-97-48C 
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Figure 30. Piper Diagram for Well Pair 699-97-48B and 699-97-48C 
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Figure 31. Radial Diagram for Unconfined Aquifer Well 699-97-48B 

5 Hydrochemistry Interpretation 
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Figure 32. Piper Diagram Comparing the Chemical Composition of Aquifer Groundwater and Columbia River 
Water 
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groundwater in the unconfined and RUM aquifers is a mixture between Columbia River water and native 

groundwater. However, groundwater in both the unconfined and RUM aquifers has much higher total ion 

concentrations than in river water and therefore ionic composition must also be accounted for by other 

sources.  

Anion composition of RUM aquifer groundwater is dominated by HCO3, ranging from approximately 

46% to 88% meq/L. This range compares to the anion composition of river water of 80% to 86%, and 

unconfined groundwater with 28% to 83% HCO3 (see also Figure 7). The proportion of SO4 in the RUM 

aquifer groundwater increases from 10% to 38% and the proportion of SO4 in unconfined groundwater 

increases from 13% to 61%. Excluding RUM wells 199-D5-141 and 199-H3-10, this HCO3 to SO4 trend 

also suggests that the aquifers have been impacted by sources of SO4. Sulfate concentrations in many of 

the RUM and unconfined aquifer wells exceed the background concentration. Background concentration 

of SO4 for the Hanford Site unconfined aquifer (27.1 mg/L in Table 1) is calculated as 17.5% meq/L on 

the Piper diagram. The 100-HR-3 unconfined aquifer has been impacted by SO4 much more than the 

RUM aquifer. 

For the unconfined aquifer, the trend from a HCO3- to a SO4-dominant water type is the result of both 

naturally-occurring and anthropogenic SO4 sources in the 100-HR-3 OU. The DX and HX pump-and-treat 

effluent, which is re-injected into the unconfined aquifer within the 100-HR-3 OU, contains elevated SO4 

concentrations. Elevated SO4 is a result of the treatment process whereby sulfuric acid is added to the 

extracted groundwater to adjust the pH before treatment (DOE/RL-2013-49). Less sulfuric acid is used at 

the HX system than at the DX system. The treated effluent water has consistently shown elevated SO4 

concentrations since the DX and HX pump-and-treat systems replaced the interim pump-and-treat 

systems in 2010-2011 (Figure 33). Treated HX effluent water has had much less impact on the SO4 

concentrations in groundwater, as indicated by the lower proportion of SO4 in the Type 6 and 7 waters 

and by the example trend plots shown in Figure 34. No alkalinity data are available for the re-injected 

treated effluent water to calculate the ion composition for comparison. The ISRM barrier in 100-D Area 

has contributed to increased SO4 concentrations in groundwater (PNNL-13349), as a result of the 

injection of sodium dithionite into the aquifer at that location. Another source contributing to increased 

SO4 concentrations in unconfined aquifer groundwater at the 100-HR-3 OU include the 183-H Solar 

Evaporation Basins. The basins received liquid waste containing high concentrations of SO4 during its 

operation (UNI-3880). 



SGW-64254, REV. 0 

50 

 

Figure 33. Sulfate Concentrations in DX and HX Treated Effluent Water Returned to the Unconfined Aquifer 
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Figure 34. Example Sulfate Concentration Trend Plots for Unconfined Aquifer Wells 
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RUM aquifer groundwater types. The western region of the Horn, including the 100-D Area, is dominated 

by Ca-SO4 type water (Type 6). The unconfined aquifer in the 100-H Area is dominated by Ca-(HCO3-

SO4 mix) water (Type 7) water. Three wells in the central part of the Horn and one well in 100-D Area 

also indicate Type 7 groundwater. 

Cation data suggest that RUM groundwater interacts chemically with the aquifer formation materials. 

Cation data plotted on a Piper diagram indicate that RUM aquifer groundwater has a slightly different 

composition than unconfined aquifer groundwater and Columbia River water in the 100-HR-3 Operable 

Unit. Unlike unconfined aquifer groundwater, RUM aquifer groundwater has slightly higher Mg 

composition that trends from a Ca-rich to a Na-rich water type. 

Anion composition of RUM aquifer groundwater on a Piper diagram generally follows a trend from 

Columbia River water composition to unconfined aquifer groundwater composition. This trend suggests 

that groundwater in the unconfined and RUM aquifers is a mixture between Columbia River water and 

native groundwater. However, groundwater in both the unconfined and RUM aquifers has much higher 

total ion concentrations than river water and therefore the higher total ion concentrations must also be 

accounted for by sources other than naturally-occurring sources. The dissimilarity in the anion 

composition between the RUM and unconfined aquifers reflects the impact of anthropogenic sources of 

sulfate on the unconfined aquifer that, as of 2019, has had little effect on the RUM aquifer. The trend to 

increased sulfate concentration proportions on a Piper diagram is the result of impacts by various 

anthropogenic sources of sulfate, including reinjection of the HX and DX pump-and-treat effluent into the 

unconfined aquifer, injection of sodium dithionite at the In Situ Redox Manipulation barrier in the 100-D 

Area, and liquid wastes containing high sulfate concentrations disposed to the 183-H Solar Evaporation 

Basins. 

Composition of groundwater from a well cluster (199-H3-2) near the 183-H Solar Evaporation Basins 

indicates mixing of groundwater between RUM and unconfined aquifers. RUM groundwater showed a 

similar chemical composition, Ca-HCO3 water type (Type 1), and similar total ion concentrations as 

unconfined groundwater at this location. However, after the RUM aquifer well at this location was 

converted to an extraction well in 2011, the composition of RUM groundwater changed to a (Ca-Mg-Na 

mix)-HCO3 (Type 2) water that persisted through 2018. The change from a Type 1 to a Type 2 water is 

attributed to increased Mg concentrations in well 199-H3-2C extracted radially from the surrounding 

RUM aquifer. 

Chemical composition of groundwater from wells and piezometers completed within the unconfined and 

RUM aquifers in the 100-H Area near the Columbia River present no evidence that the RUM aquifer is in 

hydraulic communication with the unconfined aquifer and river at two well cluster locations (199-H4-12 

and 199-H4-15). RUM aquifer groundwater at these locations has a Ca-HCO3 type water that is similar to 

river water, but at much higher total ion concentrations. Total ion concentration and specific conductance 

data indicate that RUM aquifer groundwater does not mix with unconfined groundwater and river water at 

these well cluster locations. 

Chemical composition data from three well pairs (well locations 699-95-45, 699-97-45, and 699-97-48) in 

the north-central part of the Horn indicate dissimilar groundwater composition with dissimilar total ion 

concentrations between the RUM and unconfined aquifers. These data suggest little or no mixing of 

groundwater between the RUM and unconfined aquifers in this region of the Horn. Alteration of 

groundwater chemical composition within the unconfined aquifer at two of these well pairs (699-95-45 

and 699-97-48) is likely attributed to anthropogenic sources of sulfate associated with the HX and DX 

P&T system. 



SGW-64254, REV. 0 

53 

7 References 

DOE/RL-92-23, 1992, Hanford Site Groundwater Background, Rev. 0A, U.S. Department of Energy, 

Richland Operations Office, Richland, Washington. Available at: 

https://pdw.hanford.gov/document/D196102655. 

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

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

https://pdw.hanford.gov/document/D197226378. 

 DOE/RL-2010-95, 2014, Remedial Investigation/Feasibility Study for the 100-DR-1, 100-DR-2, 100-HR-

1, 100-HR-2, and 100-HR-3 Operable Units, Rev. 0, U.S. Department of Energy, Richland 

Operations Office, Richland, Washington. Available at: 

https://pdw.hanford.gov/document/0083383H.  

https://pdw.hanford.gov/document/0083382H.  

https://pdw.hanford.gov/document/0083381H.  

https://pdw.hanford.gov/document/0083380H.  

 Appendix M, “Data from New Characterization Boreholes and Wells and Development of 

Geologic Cross Sections.” Available at: https://pdw.hanford.gov/document/0083323H. 

DOE/RL-2013-49, 2018, 100-HR-3 Pump and Treat System Operations and Maintenance Plan, Rev. 1, 

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

https://pdw.hanford.gov/document/0063943H. 

DOE/RL-2018-67, 2019, Calendar Year 2018 Annual Summary Report for the 100-HR-3 and 100-KR-4 

Pump and Treat Operations, and 100-NR-2 Groundwater, Rev. 0, U.S. Department of Energy, 

Richland Operations Office, Richland, Washington. Available at: 

https://pdw.hanford.gov/document/AR-03039. 

DOE/RW-0164, 1988, Site Characterization Plan: Reference Repository Location, Hanford Site, 

Washington, 9 vols., Consultation Draft, U.S. Department of Energy, Washington, D.C. 

Available at: https://pdw.hanford.gov/document/D196007701. 

https://pdw.hanford.gov/document/D196007769. 

https://pdw.hanford.gov/document/D196007788. 

https://pdw.hanford.gov/document/D196007871. 

https://pdw.hanford.gov/document/D196007870. 

https://pdw.hanford.gov/document/D196007876. 

https://pdw.hanford.gov/document/D196007901. 

https://pdw.hanford.gov/document/D196007935. 

https://pdw.hanford.gov/document/D196027182. 

ECF-100HR-19-0105, Ion Balance Calculations for Groundwater at the 100-HR-3 Operable Unit, Rev. 0 

pending, CH2M HILL Plateau Remediation Company, Richland, Washington. 

Hounslow, A.W, 1995, Water Quality Data: Analysis and Interpretation, Lewis Publishers, Boca Raton, 

Florida. 

Kehew, A.E., 2001, Applied Chemical Hydrogeology, Prentice-Hall, Inc., Upper Saddle River, New 

Jersey. 

Lloyd, J.W., and J.A. Heathcote, 1985, Natural Inorganic Hydrochemistry in Relation to Groundwater, 

Clarendon Press, Oxford. 



SGW-64254, REV. 0 

54 

Piper, A.M., 1944, “A graphic procedure in the geochemical interpretation of water-analyses,” AGU 

Trans., 25, 914-923. Available at: 

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/TR025i006p00914. 

PNL-10817, 1995, Hydrochemistry and Hydrogeologic Conditions Within the Hanford Site Upper Basalt 

Confined Aquifer System, Pacific Northwest Laboratory, Richland, Washington. Available at: 

http://www.osti.gov/scitech/servlets/purl/111944. 

PNNL-13349, 2000, 100-D Area In Situ Redox Treatability Test for Chromate-Contaminated 

Groundwater, Pacific Northwest National Laboratory, Richland, Washington. Available at: 

https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-13349.pdf. 

PNNL-13674, 2001, Zone of Interaction Between Hanford Site Groundwater and Adjacent Columbia 

River, Pacific Northwest National Laboratory, Richland, Washington. Available at: 

http://www.pnl.gov/main/publications/external/technical_reports/pnnl-13674.pdf. 

RHO-BWI-ST-5, 1979, Hydrologic Studies within the Columbia Plateau, Washington: An Integration of 

Current Knowledge, Rockwell Hanford Operations, Richland, Washington. Available at: 

https://pdw.hanford.gov/document/D196007122. 

https://pdw.hanford.gov/document/D196007123. 

https://pdw.hanford.gov/document/D196007124. 

https://pdw.hanford.gov/document/D196007125. 

https://pdw.hanford.gov/document/D196007126. 

SGW-47776, 2010, Aquifer Testing and Rebound Study in Support of the 100-H Deep Chromium 

Investigation, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. 

Available at: https://pdw.hanford.gov/document/0081274H. 

SGW-60571, 2017, Aquifer Testing of the First Water-Bearing Unit in the RUM at 100-H, Rev. 0, CH2M 

HILL Plateau Remediation Company, Richland, Washington. Available at: 

https://pdw.hanford.gov/document/0066064H. 

UNI-3880, 1986, UNC Nuclear Industries Reactor and Fuels Production Facilities 1985 Effluent Release 

Report, UNC Nuclear Industries, Richland, Washington. Available at: 

https://pdw.hanford.gov/document/AR-03496. 

 



SGW-64254, REV. 0 

A-i 

Appendix A 

Ringold Formation Upper Mud Aquifer Radial Diagrams  
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Figure A-1. Radial Diagram for Wells 199-D5-134 and 199-D5-141 
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Figure A-2. Radial Diagram for Wells 199-D8-54B and 199-H1-50 
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Figure A-3. Radial Diagram for Wells 199-H2-1 and 199-H3-2C 
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Figure A-4. Radial Diagram for Wells 199-H3-9 and 199-H3-10 
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Figure A-5. Radial Diagram for Wells 199-H3-12 and 199-H3-13 
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Figure A-6. Radial Diagram for Wells 199-H3-22 and 199-H3-28 
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Figure A-7. Radial Diagram for Wells 199-H3-29 and 199-H3-30 
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Figure A-8. Radial Diagram for Wells 199-H3-32 and 199-H4-12C 
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Figure A-9. Radial Diagram for Wells 199-H4-15CS and 199-H4-90 
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Figure A-10. Radial Diagram for Wells 199-H4-91 and 199-H7-1 
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Figure A-11. Radial Diagram for Wells 699-95-45C and 699-97-43C 
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Figure A-12. Radial Diagram for Wells 699-97-45B and 699-97-48C 
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Figure A-13. Radial Diagram for Wells 699-97-60 and 699-97-61 
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Figure B-1. Radial Diagram for Wells 199-D3-5 and 199-D4-102 
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Figure B-2. Radial Diagram for Wells 199-D4-103 and 199-D5-152 
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Figure B-3. Radial Diagram for Wells 199-D5-160 and 199-D6-3 
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Figure B-4. Radial Diagram for Wells 199-D8-101 and 199-D8-102 
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Figure B-5. Radial Diagram for Wells 199-H1-7 and 199-H1-46 
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Figure B-6. Radial Diagram for Wells 199-H1-47 and 199-H1-49 
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Figure B-7. Radial Diagram for Wells 199-H3-6 and 199-H3-7 
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Figure B-8. Radial Diagram for Wells 199-H3-21 and 199-H4-5 
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Figure B-9. Radial Diagram for Wells 199-H4-10 and 199-H4-12A 
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Figure B-10. Radial Diagram for Wells 199-H4-13 and 199-H4-45 
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Figure B-11. Radial Diagram for Wells 199-H4-46 and 199-H4-84 
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Figure B-12. Radial Diagram for Wells 199-H4-85 and 199-H4-86 
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Figure B-13. Radial Diagram for Wells 199-H4-87 and 199-H4-88 

0.0

1.0

2.0

3.0

4.0

5.0
Ca

Cl+NO3

SO4

HCO3

Na+K

Mg

Well 199-H4-87
11/1/2018

0.0

1.0

2.0

3.0

4.0

5.0
Ca

Cl+NO3

SO4

HCO3

Na+K

Mg

Well 199-H4-88
5/1/2019



SGW-64254, REV. 0 
 

B-14 

 

 
Figure B-14. Radial Diagram for Wells 199-H4-89 and 199-H4-92 
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Figure B-15. Radial Diagram for Wells 199-H6-1 and 199-H6-7 
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Figure B-16. Radial Diagram for Wells 199-H6-8 and 699-88-41A 
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Figure B-17. Radial Diagram for Wells 699-95-45 and 699-95-48 
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Figure B-18. Radial Diagram for Wells 699-95-51 and 699-96-43 
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Figure B-19. Radial Diagram for Wells 699-96-52B and 699-97-41  
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Figure B-20. Radial Diagram for Wells 699-97-45 and 699-97-51A 

0.0

1.0

2.0

3.0

4.0

5.0
Ca

Cl+NO3

SO4

HCO3

Na+K

Mg

Well 699-97-45
10/28/2015

0.0

1.0

2.0

3.0

4.0

5.0
Ca

Cl+NO3

SO4

HCO3

Na+K

Mg

Well 699-97-51A
11/4/2015



SGW-64254, REV. 0 
 

B-21 

 

 
Figure B-21. Radial Diagram for Wells 699-98-43 and 699-98-46 
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Figure B-22. Radial Diagram for Well 699-98-51 
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Table C-1. RUM Aquifer Analytical Data 

RUM Aquifer 

Well Name 

Sample 

Date Ca2+ Mg2+ K+ Na+ Cl- NO3
- SO4

2- 

HCO3
- 

(as CaCO3) 

SC 

(µS/cm) 

199-D5-134 10/28/2015 35.3 11.2 6.3 30.4 7.0 0.4 40.0 173 371 

199-D5-141 10/26/2017 15.0 3.3 6.1 33.6 9.6 0.1 45.0 75.8 249 

199-D8-54B 11/17/2004 40.0 15.3 9.2 32.2 4.6 2.1 63.2 200 461 

199-H1-50 6/14/2019 22.8 7.6 4.5 7.7 1.0 1.2 11.0 129 214 

199-H2-1 11/16/2016 32.7 7.7 4.4 20.1 10.0 2.6 33.0 141 323 

199-H3-2C 12/11/2018 32.4 12.2 5.0 13.2 5.6 8.9 40.0 132 320 

199-H3-9 9/13/2018 24.3 9.0 3.7 6.1 1.9 4.9 18.0 120 223 

199-H3-10 11/8/2015 22.7 6.9 6.4 26.0 1.5 2.1 21.0 149 267 

199-H3-12 3/6/2019 35.6 14.0 4.5 5.1 3.9 11.1 29.5 152 322 

199-H3-13 3/7/2019 39.4 14.3 4.3 4.5 2.2 60.6 23.7 123 376 

199-H3-22 2/20/2019 41.6 15.1 5.0 6.0 4.1 48.7 29.0 139 373 

199-H3-28 6/19/2019 38.0 14.0 5.1 9.4 9.6 15.2 45.0 132 370 

199-H3-29 6/26/2019 53.5 19.6 5.5 5.7 4.8 100 31.9 126 486 

199-H3-30 4/9/2019 29.3 9.9 3.8 5.8 3.8 3.5 34.6 120 281 

199-H3-32 5/20/2019 48.8 12.2 5.0 23.3 9.7 13.3 71.7 151 463 

199-H4-12C 9/13/2018 29.6 10.7 4.2 5.9 2.8 20.4 24.0 114 267 

199-H4-15CS 10/20/2017 28.2 10.0 4.2* 4.8 2.9 5.8 19.6 124 256 

199-H4-90 12/8/2015 41.0 13.0 5.2 12.0 17.0 18.1 44.0 122 371 

199-H4-91 12/8/2015 35.7 11.0 4.8 9.1 11.0 17.3 38.0 113 326 

199-H7-1 6/21/2019 33.5 9.8 4.1 20.5 26.2 5.3 39.5 101 340 

699-95-45C 5/1/2019 27.1 10.5 4.8 18.3 1.2 1.7 24.1 150 291 

699-97-43C 11/9/2016 24.3 8.1 4.3* 4.8 4.4 3.7 15.0 107 224 

699-97-45B 11/8/2016 24.0 9.2 3.7 3.3 5.0 2.8 12.0 105 212 

699-97-48C 11/8/2016 31.7 10.6 4.1 3.4 6.1 3.7 37.0 115 279 

699-97-60 5/15/2019 25.8 11.6 4.9* 13.3 5.2 2.2 44.0 101 248 

699-97-61 5/23/2019 29.0 11.0 4.0 4.0 4.9 4.4 31.0 122 269 

Note: All values are recorded in mg/L. 

*Detected at less than the analyzing laboratory’s estimated quantitation limit but greater than the method detection limit. 

RUM  =  Ringold Formation upper mud (unit) 

SC  =  specific conductance 
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Table C-2. Unconfined Aquifer Analytical Data 

Unconfined 

Aquifer 

Well Name 

Sample 

Date Ca2+ Mg2+ K+ Na+ Cl- NO3
- SO4

2- 

HCO3
- 

(as CaCO3) 

SC 

(µS/cm) 

199-D3-5 10/30/2015 73.0 13.0 4.5* 14.8 20.0 35.4 97.0 134 508 

199-D4-102 5/17/2019 74.0 18.0 4.8 13.2 14.1 1.1 165 146 594 

199-D4-103 5/17/2019 83.0 16.7 4.9 19.3 15.0 10.6 160 149 634 

199-D5-152 8/10/2017 82.0 19.0 5.4 31.0 14.7 23.7 183 154 747 

199-D5-160 5/10/2019 71.6 22.0 5.3 17.0 17.0 31.4 150 117 617 

199-D6-3 11/8/2015 68.2 19.1 6.6 39.5 16.0 25.2 190 119 629 

199-D8-101 10/28/2015 89.9 13.8 5.7 30.9 17.0 26.6 200 154 679 

199-D8-102 10/11/2016 91.0 22.4 6.6 18.9 18.0 20.8 190 173 704 

199-H1-7 12/1/2015 56.4 11.6 5.8 28.3 9.0 23.5 110 139 630 

199-H1-46 12/11/2018 47.0 10.0 4.2 13.0 8.9 20.4 51.0 146 389 

199-H1-47 6/19/2019 40.3 9.5 4.3 15.8 9.6 14.2 49.5 133 387 

199-H1-49 6/19/2019 39.5 9.6 4.6 15.8 8.2 14.4 46.0 133 381 

199-H3-6 5/11/2016 60.0 7.9 3.5 21.0 8.3 13.7 95.0 139 454 

199-H3-7 11/5/2015 47.4 11.1 5.6 30.9 11.0 14.2 94.0 140 470 

199-H3-21 5/20/2019 53.0 9.3 3.9 21.0 10.0 26.3 57.9 141 452 

199-H4-5 12/1/2015 60.2 11.8 5.1 13.1 8.0 13.7 94.0 138 451 

199-H4-10 12/1/2015 23.9 5.7 3.0 5.8 1.1 1.2 13.0 94.2 183 

199-H4-12A 5/3/2017 22.3 4.4 2.5 3.8 1.7 4.5 10.8 85.8 170 

199-H4-13 12/3/2015 54.5 8.9 3.0 24.9 8.6 14.6 93.0 145 459 

199-H4-45 12/8/2015 55.6 7.7 3.7 26.5 8.6 15.1 92.0 137 459 

199-H4-46 11/10/2015 51.3 11.6 5.8 31.4 10.0 14.6 96.0 149 474 

199-H4-84 9/12/2018 85.4 15.7 6.1 36.9 7.8 57.5 86.0 274 679 

199-H4-85 2/10/2016 51.6 9.4 4.4 25.5 6.5 20.8 86.0 143 456 

199-H4-86 5/11/2016 69.0 14.0 5.9 25.0 10.0 19.5 110 180 572 

199-H4-87 11/1/2018 74.2 15.6 5.6 21.8 24.0 39.0 110 177 618 

199-H4-88 5/1/2019 92.9 19.2 7.0 29.3 25.6 47.8 116 229 743 

199-H4-89 11/10/2017 129 22.2 7.1 19.2 8.9 48.7 80.0 380 817 

199-H4-92 4/16/2019 44.0 15.0 5.5 25.0 9.5 15.9 81.1 146 478 

199-H6-1 11/13/2015 61.9 10.9 3.7 23.6 11.0 22.6 120 137 502 
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Table C-2. Unconfined Aquifer Analytical Data 

Unconfined 

Aquifer 

Well Name 

Sample 

Date Ca2+ Mg2+ K+ Na+ Cl- NO3
- SO4

2- 

HCO3
- 

(as CaCO3) 

SC 

(µS/cm) 

199-H6-7 6/26/2015 45.0 15.5 5.6 25.3 18.4 20.9 59.1 166 459 

199-H6-8 6/26/2015 71.5 17.1 6.4 24.4 31.4 23.5 126 151 606 

699-88-41A 11/30/2018 46.5 17.0 5.7 30.1 21.0 21.7 73.0 154 497 

699-95-45 11/4/2015 51.6 14.0 5.4 27.7 8.8 13.1 110 137 489 

699-95-48 11/5/2015 49.4 13.1 5.5 24.2 15.0 15.5 77.0 132 431 

699-95-51 11/5/2015 86.3 18.0 6.4 22.5 16.0 25.2 190 124 652 

699-96-43 10/29/2015 55.0 13.3 5.6 24.0 19.0 22.1 69.0 151 465 

699-96-52B 11/30/2015 91.3 14.4 6.0 17.9 14.5 23.0 193 119 702 

699-97-41 11/4/2015 49.4 12.1 5.2 20.8 16.0 21.7 65.0 139 443 

699-97-45 10/28/2015 47.1 11.5 4.4 22.3 15.0 20.4 66.0 138 455 

699-97-51A 11/4/2015 78.4 17.0 4.3 15.9 14.1 22.0 174 112 612 

699-98-43 10/30/2015 51.4 10.3 4.9* 17.1 12.0 20.8 55.0 137 384 

699-98-46 11/1/2015 49.6 11.2 4.2 16.4 15.0 21.2 70.0 127 421 

699-98-51 11/1/2015 74.1 18.3 3.4 17.0 13.7 21.6 180 104 593 

Note: All values are recorded in mg/L. 

*Detected at less than the analyzing laboratory’s estimated quantitation limit but greater than the method detection limit. 

 

Table C-3. Columbia River Sample Analytical Data 

Sampling 

Location 

Name 

Sample 

Date Ca2+ Mg2+ K+ Na+ Cl- NO3
- SO4

2- 

HCO3
-  

(as CaCO3) 

SC 

(µS/cm) 

Columbia 

River (100-N) 
9/28/2005 19.0 4.6 0.7 2.0 0.9 0.3 8.1 73.2 133 

Spring 152-2 9/27/2018 21.7 4.5 1.2 2.9 2.6 2.2 11.0 82.7 165 

RCBRA CR5 1/29/2006 21.0 4.7 0.8 2.2 1.0 0.7 10.3 78.3 -- 

RCBRA CR7 2/01/2006 21.5 4.9 0.9 2.1 1.0 0.5 10.1 75.5 -- 

RCBRA CR10 2/01/2006 21.6 4.9 0.7 2.2 1.0 0.6 10.3 80.6 -- 

RCBRA =  River Corridor Baseline Risk Assessment 
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Appendix D 

 Analytical Data for Well Clusters  
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Table D-1. Well Cluster Analytical Data 

Well Name 

Sample 

Date Ca2+ Mg2+ K+ Na+ Cl- NO3
- SO4

2- 

HCO3
-  

(as CaCO3) 

SC 

(µS/cm) 

199-H3-2A 11/28/2007 46.1 9.5 4.2 10.8 19.0 20.8 40.7 134 375 

199-H3-2B 9/2/2009 51.2 10.5 4.5 11.5 22.6 24.0 49.1 117 384 

199-H3-2C 11/28/2007 34.6 8.5 4.0 12.9 12.8 14.7 32.6 122 316 

199-H3-2C 11/26/2012 30.5 11.5 5.4 13.0 5.7 9.2 27.8 122 304 

199-H3-2C 12/9/2015 33.0 12.0 5.0 13.0 6.9 11.1 39.0 129 313 

199-H3-2C 12/11/2018 32.4 12.2 5.0 13.2 5.6 8.9 40.0 132 320 

199-H4-12A 4/17/1990 59.2 9.2 5.1 17.1 5.5 45.8 54.3 152 459 

199-H4-12A 12/29/2010 63.3 11.1 5.6 22.4 27.6 37.2 62.6 146 513 

199-H4-12A 10/25/2013 71.3 12.1 5.3 18.1 10.0 36.1 103 146 531 

199-H4-12A 5/3/2017 21.4 4.4 2.5 3.8 1.7 4.5 10.8 85.8 170 

199-H4-12B 4/17/1990 61.1 10.1 5.1 13.7 8.2 39.7 58.5 163 449 

199-H4-12B 1/11/2010 54.5 9.8 4.8 13.3 22.6 26.4 59.0 134 450 

199-H4-12C 4/17/1990 31.4 10.7 4.8 4.2 2.5 6.6 24.3 126 290 

199-H4-12C 12/16/2010 29.0 10.2 4.5 4.7 2.3 4.8 21.8 118 247 

199-H4-12C 11/19/2013 29.1 10.7 4.9 5.7 3.7 11.6 25.5 110 471 

199-H4-12C 11/14/2017 30.5 11.2 4.4 5.7 2.8 21.2 23.0 122 385 

199-H4-15A 4/18/1990 51.6 10.8 5.3 11.6 6.7 29.6 54.0 149 414 

199-H4-15A 6/20/1995 41.0 8.4 4.8 10.0 5.4 15.0 36.0 134 339 

199-H4-15A 11/14/2000 50.8 11.0 6.2 13.5 13.4 32.8 51.8 132 438 

199-H4-15A 11/2/2004 47.1 10.2 6.8 13.5 17.5 22.1 43.4 122 406 

199-H4-15A 1/11/2010 59.0 12.2 5.3 9.7 32.3 28.1 72.8 109 499 

199-H4-15B 4/18/1990 46.1 10.7 5.1 9.7 6.2 23.3 46.4 144 377 

199-H4-15B 6/20/1995 43.0 9.7 4.7 9.6 6.0 16.0 39.0 134 359 

199-H4-15B 1/11/2010 54.4 11.9 5.0 9.4 27.1 23.8 67.7 111 449 

199-H4-15CS 11/10/1998 30.7 11.6 6.5 9.0 3.0 5.5 22.9 141 277 

199-H4-15CS 11/3/2004 28.2 10.6 5.4 6.2 2.8 4.4 18.2 124 261 

199-H4-15CS 1/24/2011 34.1 12.1 4.8 4.8 2.8 5.8 21.7 134 270 

199-H4-15CS 10/20/2017 28.2 10.0 4.2 4.8 2.9 5.8 19.6 124 256 

699-95-45 3/18/2010 47.0 11.8 5.1 24.6 16.0 14.9 52.9 158 430 
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Table D-1. Well Cluster Analytical Data 

Well Name 

Sample 

Date Ca2+ Mg2+ K+ Na+ Cl- NO3
- SO4

2- 

HCO3
-  

(as CaCO3) 

SC 

(µS/cm) 

699-95-45 11/3/2014 53.1 13.7 5.0 26.1 9.1 14.7 123 139 517 

699-95-45C 5/1/2019 27.1 10.5 4.8 18.3 1.2 1.7 24.1 150 291 

699-97-45 10/28/2015 47.1 11.5 4.4 22.3 15.0 20.4 66.0 138 455 

699-97-45B 10/28/2015 24.4 8.8 4.9 3.9 4.6 3.1 11.0 102 218 

699-97-48B 10/9/2009 47.4 10.2 4.3 15.6 13.7 15.2 56.6 122 408 

699-97-48B 10/24/2014 53.7 12.4 4.3 16.2 20.7 21.2 98.2 114 465 

699-97-48C 10/24/2014 32.2 11.2 4.6 4.4 7.0 4.9 34.0 105 281 
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