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E1 Introduction 

The tasks outlined in the main body of this document and the related Sampling and Analysis Plan for the 
100-BC-1, 100-BC-2, and 100-BC-5 Operable Units Remedial Investigation/Feasibility Study (hereafter 
referred to as the Remedial Investigation Sampling and Analysis Plan [RI SAP]) (DOE/RL-2009-44), 
were designed to fill data gaps related to the nature and extent of contamination and its fate and transport 
in the environment. Recent developments have revealed additional uncertainties and a need to collect 
additional data before making a decision about remediation. 

In 2012, deep excavation of soil at the 100-C-7:1 waste site to just above the water table identified that 
some hexavalent chromium (Cr[VI]) contamination was still present at the bottom of the excavation. 
In addition, Cr(VI) concentrations in a downgradient well (199-B4-14) had started increasing 
significantly, from 40 µg/L in October 2011 to 179 µg/L in April 2012. In order to address this emerging 
condition and clarify the potential extent of groundwater contamination in the area, additional 
investigation of this Cr(VI) contamination was initiated under a Hanford Federal Facility Agreement 
and Consent Order (TPA) Change Notice modifying Chapter 4 of the main text of this document 
(TPA-CN-543). That additional investigation was described in the Sampling Instruction: Investigation 
of Hexavalent Chromium Flux to Groundwater at the 100-C-7:1 Excavation Site (PNNL-21393). 
The results of the investigation are provided in Investigation of Hexavalent Chromium Flux to 
Groundwater at the 100-C-7:1 Excavation Site (PNNL-21845). 

Additional studies are needed to reduce uncertainties relating to the following: 

 Upcoming completion of vadose zone (waste site) remediation 

 Short-term changes in groundwater contaminant concentrations related to waste site 
remediation activities 

 Modeling results that show it will likely take a long time for the large, low-concentration Cr(VI) 
plume to attenuate 

 Variable contaminant concentrations in Columbia River pore water, creating uncertainties about the 
level of risk 

The U.S. Department of Energy (DOE) and the U.S. Environmental Protection Agency (EPA) have 
agreed that additional studies are needed before remedial action alternatives for groundwater can be 
evaluated. This appendix describes the objective of the planned studies, the work plan rationale, and 
tasks. Details of the work are described in a revision to the RI SAP (DOE/RL-2009-44). 

E1.1 Scope 

This appendix addresses additional data needs identified subsequent to completion of RI studies 
performed under the main text (Chapter 4) of this document. These additional data needs pertain to 
(1) the shallow hyporheic zone of the Columbia River adjacent to the 100-BC-5 Groundwater Operable 
Unit (OU), and (2) groundwater in the unconfined aquifer in the 100-BC-5 OU. 

The hyporheic zone is a region beneath and alongside a stream where shallow groundwater mixes with 
surface water. The thickness of this zone varies with physical conditions such as sediment type and 
hydraulic head. The biologically active zone covers the sediment depth where the species critical to the 
function, diversity, and integrity of the benthic community are located (WAC 173-204, “Sediment 
Management Standards”). The shallow hyporheic zone has strong impact upon aquatic communities, 
so for the purposes of this study, it is defined as the portion of the streambed where aquatic communities 
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may be present. This may be as little as 10 cm (4 in.) for some species or as much as 0.5 m (1.6 ft) for 
salmon redds (i.e., depressions in gravel where salmon lay eggs during spawning season). As described 
in Appendix A (SAP) of the Remedial Investigation Work Plan for Hanford Site Releases to the 
Columbia River (DOE/RL-2008-11), pore water samples for the Columbia River risk assessment were 
collected from 15 to 30 cm (6 to 12 in.) below the riverbed. As acknowledged in the Columbia River 
Component Risk Assessment, Volume 1: Ecological Risk Assessment (hereafter referred to as the CRC) 
(DOE/RL-2010-117), pore water at this depth is below the zone inhabited by most (but not all) benthic 
invertebrates (Aquatic Insect Ecology: Biology and Habitat [Ward, 1992]). For this study, the hyporheic 
zone that will be evaluated is the upper 0.5 m (1.6 ft) of the river bed.1 The 10 µg/L Cr(VI) chronic water 
quality standard for surface waters in the state of Washington (Table 240[3] of WAC 173-201A-240, 
“Water Quality Standards for Surface Waters of the State of Washington”) is assumed here to apply to 
water in the shallow hyporheic zone as described above, as well as to surface water in the 
Columbia River. 

Section E1.2 provides a brief summary of previous RI studies that relate to groundwater and the 
hyporheic zone. Those studies, as described in Chapter 4 of the main text of this document and in 
a related SAP (DOE/RL-2009-44), included installing and sampling groundwater monitoring wells, 
defining hydrogeologic units and groundwater flow, and determining the nature and extent of 
groundwater contamination. The resulting data were used to create a conceptual site model.  

The additional studies outlined in this appendix will be used to refine the conceptual site model and 
form the basis for recommending a remedial action alternative. The studies were developed using EPA’s 
Guidance on Systematic Planning Using the Data Quality Objectives Process (EPA/240/B-06-001). 
The seven steps of that process are outlined in Section E1.3, and the resulting studies are summarized in 
Section E.2. 

E1.2 Draft Remedial Investigation Results 

DOE completed the work plan tasks outlined in Chapter 4 of this document in 2010 and 2011. The results 
were evaluated and interpreted to fill the data gaps identified in the work plan. Staff began compiling 
those results and interpretations into a RI/feasibility study (FS) report. Before the report was finalized, 
DOE and EPA recognized the need for additional studies. While not complete, that draft report contains 
a wealth of information about the 100-BC Area and is being published in draft form as the Remedial 
Investigation/Feasibility Study Report for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units 
(DOE/RL-2010-96, Working Draft A). This section briefly summarizes main points that pertain to 
groundwater and the hyporheic zone. 

E1.2.1 Physical Setting 
The vadose zone comprises unconsolidated gravel and sand of the Hanford formation. This formation in 
the 100-BC-5 OU is characterized by cobble- to boulder-size gravels that include discrete sand lenses 
with very little silt and clay material. The vadose zone is up to 30 m (98 ft) thick in inland portions 
of 100-BC-5.  

The RI activities provided data that helped characterize the uppermost aquifer and aquitard. 
The uppermost aquifer is unconfined and comprises primarily the sands and gravels of Ringold Formation 
unit E. Beneath most of the area, the bottom portion of the Hanford formation is also saturated. 
The saturated thickness of the Hanford formation generally increases to the south, ranging up to 6 m 
                                                      
1 This depth is selected to minimize river water infiltration and, thereby, be more reflective of the 100-BC-5 
Groundwater OU source than the river. In addition, samples from this depth will be characteristic of potential 
exposure in salmon redds, should they be established in the area of upwelling. 
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(20 ft). The Ringold upper mud, a low-permeability geologic unit, forms the bottom of the unconfined 
aquifer. RI data showed that this unit is continuous in the 100-BC-5 OU and slopes toward the west. 
Aquifer thickness ranges from 29 to 47 m (95 to 154 ft), increasing to the west. 

Slug tests were performed for the RI to determine horizontal hydraulic conductivity. The two wells 
screened in the Ringold upper mud unit had the lowest hydraulic conductivity, approximately 1 m/d 
(3 ft/d). Wells screened in Ringold unit E had hydraulic conductivity ranging from 2.5 to 16 m/d (8.2 to 
52 ft/d). Wells screened in the Hanford formation had the highest hydraulic conductivity, beyond the 
range suitable for determining with slug tests. A subsequent study determined this unit has a hydraulic 
conductivity of 6,100 m/d (20,000 ft/d) (PNNL-21845). 

The water table lies at a depth of 0 m (0 ft) adjacent to the river to 30 m (98 ft) inland. The water table is 
nearly flat in southern 100-BC-5 and steepens toward the Columbia River. In the southern 100-BC-5, 
water-level data and tracer tests showed that the gradient dips to the northeast, and flow rates may be as 
high as 7 m/d (23 ft/d) (PNNL-21845). In the northern 100-BC-5, the aquifer is in the Ringold unit E, 
where hydraulic conductivity is lower and the hydraulic gradient is steeper. Groundwater flow rates range 
from 0.03 to 0.29 m/d (0.1 to 1 ft/d) toward the north, except when river stage is very high and the 
gradient is reversed. 

Groundwater discharges via springs and areas of upwelling through the river bed. Recent studies of the 
river created maps of these areas of upwelling (DOE/RL-2007-21, River Corridor Baseline Risk 
Assessment, Volume 1: Ecological Risk Assessment [RCBRA]; DOE/RL-2010-117 [Volume 1 of the 
CRC]; WCH-380, Rev. 1, Field Summary Report for Remedial Investigation of the Hanford Site Releases 
to the Columbia River, Hanford Site, Washington; WCH-398, Data Summary Report for the Remedial 
Investigation of Hanford Site Releases to the Columbia River, Hanford Site, Washington; and 
SGW-49368, Columbia River Pore Water Sampling in 100-BC Area, November 2010). 

E1.2.2 Nature and Extent of Contamination 
Data collected for the RI helped to characterize the extent of contaminant concentrations in the 
groundwater and the hyporheic zone of the Columbia River. 

E1.2.2.1 Groundwater 
Contaminants of potential concern in 100-BC-5 groundwater include Cr(VI), strontium-90, and tritium. 
Data from 10 wells installed for the RI helped define the extent of these contaminants horizontally and 
vertically. Key elements of the nature and extent of groundwater contamination include the following. 

 Cr(VI) exceeds 10 µg/L in much of the 100-BC-5 OU (Figure E-1). Three wells had concentrations 
above the groundwater cleanup standards (WAC 173-340-720, “Model Toxics Control Act–
Cleanup,” “Groundwater Cleanup Standards”) of 48 µg/L at least once in 2010 through early 2012. 
The extent of the 10 µg/L plume contour remains uncertain. 

 Groundwater data collected during the RI indicated that Cr(VI) concentrations decrease with depth in 
the eastern 100-BC-5. In the western 100-BC-5, concentrations are the highest at the top and bottom 
of the aquifer, and lower in between. Uncertainties remain in some areas. 

 Strontium-90 exceeds the 8 pCi/L drinking water standard (DWS) in a plume in northeastern 
100-BC-5. Concentrations decline with depth in the aquifer. All concentrations in groundwater are 
below the biota concentration guide (BCG) of 278 pCi/L (DOE STD-1153-2002). 
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Figure E-1. Hexavalent Chromium in the Upper Unconfined Aquifer at 100-BC-5, 2011 
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 Tritium concentrations exceed the 20,000 pCi/L DWS in a narrow plume in northern 100-BC-5 and 
a larger, less-defined plume in southern 100-BC-5. Concentrations generally decline with depth. 
Current concentrations in groundwater are below the 265,000 pCi/L BCG (DOE-STD-1153-2002, 
A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota). 

 Trends in Cr(VI) and tritium concentrations indicate that the plumes are migrating from the southern 
portion of 100-BC-5 toward the northeast. 

 Groundwater contamination is limited to the unconfined aquifer. Wells screened in a confined aquifer 
of the Ringold Formation are uncontaminated. 

E1.2.2.2 Hyporheic Zone 
As groundwater approaches the Columbia River, it enters a zone of interaction with river water. 
The water in the zone of interaction is a mixture of groundwater and river water, as evidenced by lower 
specific conductance. Mixing continues in the pore water of shallow river sediments. Recent studies 
show that specific conductance of pore water rapidly declines as the river rises.  

Groundwater from the unconfined aquifer in 100-BC-5 eventually discharges to the Columbia River near 
the shoreline and farther out in the channel. Columbia River pore water was sampled during periods of 
low river flow three times (WCH-380, WCH-398, SGW-49368). The results of the three pore water 
sampling campaigns included the following: 

 Cr(VI) concentrations in the first campaign ranged from below detection limits to a maximum 
of 112 µg/L.  

 During the second campaign, Cr(VI) concentrations were lower (maximum of 46 µg/L). 
Concentrations of tritium and strontium-90 were below applicable standards in pore water. 
All contaminant concentrations, including Cr(VI), were below standards in river water. This was 
the only campaign that included analyses for co-contaminants. 

 Cr(VI) concentrations were lower still in the third pore water sampling campaign (maximum of 
13.6 µg/L), but 3 of 11 samples remained slightly above 10 µg/L.  

All three pore water sampling campaigns were conducted during times of low river stage and specifically 
investigated zones of demonstrated groundwater upwelling. Thus, these studies were designed to reflect 
a worst-case scenario for pore water contamination. When the river level rises, less groundwater 
discharges to the river. Thus, Cr(VI) concentrations during periods of higher river stage are expected to 
be lower than concentrations during low river stage. Seasonal variability is an area of uncertainty that 
will be investigated by the additional tasks outlined in Section E2.1. 

E1.2.3 Contaminant Fate and Transport 
Understanding contaminant fate and transport in the environment is an important part of the RI/FS 
process. Projections of future contaminant behavior and concentrations at points of exposure are needed 
to assess potential threats to human health and the environment. The results support decisions about 
cleanup of waste sites and groundwater. Final decisions for 100-BC have not yet been made, but some of 
the highlights of initial fate and transport evaluations (DOE/RL-2010-96) are as follows: 

 Eighty-one previously remediated waste sites were evaluated to assess the potential for groundwater 
and surface water quality impacts under native vegetation and irrigation conditions. A few of 
those waste sites may pose a threat to groundwater or surface water quality and require 
further consideration. 
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 Contaminant transport simulations indicate that Cr(VI) concentrations in groundwater along the river 
shoreline may persist at concentrations above 10 µg/L (the standard applicable where groundwater 
discharges to surface water) for more than 100 years, and above the 48 µg/L groundwater cleanup 
level (the standard applicable inland) for up to 11 years. The persistence of Cr(VI) in 100-BC-5 
groundwater is attributed to slow transport and degradation rates. However, it is likely that results of 
the model will change, based on updated input parameters. 

 The computer simulations estimated that tritium will decay to concentrations below the DWS in 
5 to 15 years, and strontium-90 within 50 to 75 years. 

E1.3 Data Quality Objectives 

The data quality objective (DQO) process is a series of logical steps that guide managers or staff to a plan 
for the resource-effective acquisition of environmental data (EPA/240/B-06-001). The seven-step DQO 
process was applied to the two major areas of uncertainty: (1) the shallow hyporheic zone, and 
(2) groundwater. 

E1.3.1 Shallow Hyporheic Zone 
The first page of Table E-1 summarizes the DQO results for investigating the shallow hyporheic zone. 

 Step 1, Problem Statement: There are detectable levels of Cr(VI) in the shallow hyporheic zone 
adjacent to 100-BC-5, but it is uncertain what type of remedial action is warranted. 

Three rounds of sampling the shallow hyporheic zone found Cr(VI) concentrations in some zones of 
groundwater upwelling exceeded 10 µg/L (WCH-380, WCH-398, SGW-49368). Concentrations were 
not consistent among the three rounds of sampling at many of the locations, and it is not known how 
the concentrations vary seasonally. Spatial and temporal trends analysis of a well-designed sampling 
regime could help to identify whether the previously observed concentrations warrant remedial 
action. Likewise, the analysis could help to discern what type of remedial action is needed, such as 
active groundwater treatment or monitored natural attenuation.  

 Step 2, Study Goals: (1) Characterize the risk to aquatic receptors posed by Cr(VI) in pore water 
within the shallow hyporheic zone potentially impacted by releases from 100-BC-5 groundwater, 
and (2) obtain data to support selecting a preferred alternative for the 100-BC-5 RI/FS. 

The goal of all of the RI studies is to obtain the data needed to make an informed, defensible decision 
about the appropriate CERCLA response for the vadose zone and groundwater in 100-BC. 
The additional studies described in this section relate specifically to the shallow hyporheic zone 
and will support the recommendation of a preferred alternative for groundwater remediation. 

 Step 3, Study Input: What are the kinds of information needed to formulate and investigate 
the problem? 

Input to this phase of the investigation includes the conceptual site model, as described in the draft 
RI report (DOE/RL-2010-96). The conceptual site model was based on groundwater studies and 
sampling of river water, pore water, and sediment in the Columbia River near 100-BC-5 (WCH-380, 
WCH-398, SGW-49368). Other input includes scientific literature regarding the fate, transport, and 
potential toxicity of chromium and Cr(VI) to aquatic and benthic organisms in the environment, 
measurements of geochemical parameters that influence chromium speciation and bioavailability, 
and historic site-specific community survey and toxicological data. 
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Table E-1. DQOs for Additional Shallow Hyporheic Zone and Groundwater Monitoring 

Shallow Hyporheic Zone 

Problem Statement (Step 1): There are detectable levels of Cr(VI) in the shallow hyporheic zone adjacent to 100-BC-5 but it is uncertain what type of remedial action is warranted. 

Study Goals (Step 2): (1) Characterize the risk to aquatic receptors posed by Cr(VI) in pore water within the shallow hyporheic zone potentially impacted by releases from 100-BC-5, and (2) obtain data to support selecting a preferred alternative for the RI/FS for 
100-BC-5 groundwater. 

Study Input (Step 3) Study Boundaries (Step 4) Data Evaluation Approach (Step 5) Performance and Acceptance Criteria (Step 6) 

1. Conceptual site model 

2. Scientific literature regarding the fate and transport of 
chromium in the environment 

3. Measured concentrations of Cr(VI) and other chemicals in 
groundwater, surface water, pore water, and sediment 

4. Measurements of geochemical parameters that influence 
chromium speciation and bioavailability 

5. Delineation of groundwater upwelling areas 

6. Delineation of surface water column 

7. Geophysical survey results (bathymetry and 
sub-bottom profiling) 

8. Toxicological data supporting the surface water 
quality standards  

9. Geologic data 

10. Water-level data 

11. Historical site-specific community survey and 
toxicological data 

1. Lateral:  

a. Study area extends from the 100-BC Area shoreline 
(high watermark) to a point past the low watermark 
where river depth is approximately 1 m. 

2. Vertical: 

a. The shallow hyporheic zone (approximately 0.5 m). 

3. Temporal:  

a. Seasonal variations in river stage 

b. Daily 24-hour cycles at low flow and other periods 

c. Collect two additional years of sampling data 

d. All sampling must be completed by the end of fall 2015 

4. Chemical:  

a. Cr(VI) and total chromium 

b. Tritium and strontium-90 periodically for a reduced 
lateral extent 

Analytical data will be reviewed to assess the magnitude and 
spatial and temporal patterns of Cr(VI) concentrations by 
answering the following questions with respect to Cr(VI) in the 
hyporheic zone of the Columbia River in the vicinity of 100-BC: 

1. Is upwelling groundwater a potential source of Cr(VI) 
concentrations in pore water that are continuing to exceed 
the water quality criteria, by how much, and if so are there 
decreasing trends in measured concentrations over the two 
year study period? 

2. What is the spatial distribution of measured concentrations 
in the shallow hyporheic zone that are above the surface 
water quality standards? 

3. What type of remedial actions does the data analysis support 
in specific areas?  

See text for additional detail. 

 Required detection limit must be at or below 5 µg/L.  

 Samples will be collected and analyzed via procedures 
specified in the project quality assurance project plan found 
in the remedial investigation sampling and analysis plan 
(DOE/RL-2009-44).  

 The data will be collected in a manner and frequency to 
support the calculation of both a 1-hour average and 4-day 
running arithmetic mean concentration of Cr(VI). 

Plan for Obtaining the Data (Step 7):  

1. Establish new shallow aquifer tube stations: three upstream stations, eight stations within the plume (paired with existing aquifer tubes), and three downstream stations (Figure E-2). 

2. On a monthly basis, sample in-stream shallow hyporheic zone pore water at all new locations. 

3. Sample in-stream shallow hyporheic zone pore water at eight stations, every 6 hours over a 96-hour period, once per month. 

4. Sample in-stream shallow hyporheic zone pore water at eight stations hourly for a 24-hour period once per month. 

5. Collect overlying river water with pore water samples to understand conductivity and temperature. 

6. Analyze samples from new stations for the following parameters: total chromium, Cr(VI), geochemical parameters (dissolved oxygen, pH, temperature, conductivity, reduction-oxidation, dissolved organic carbon, Fe[I], and Mn[II]). 

7. Analyze all or a subset of samples from new stations for tritium and strontium-90 during low-flow conditions. 
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Table E-1. DQOs for Additional Shallow Hyporheic Zone and Groundwater Monitoring 

Groundwater 

Step 1 Problem Statement: Remediation of waste sites (secondary contaminant sources) in 100-BC is virtually complete, and groundwater contaminant concentrations are expected to change in response. Uncertainties in the hydrogeologic information (nature and 
extent vertically and laterally; natural attenuation processes in aquifer and approaching river; hydrogeologic layers; and hydraulic head) need to be resolved prior to the selection of a preferred alternative. 

Step 2 Goal of the Study: Obtain data to support selecting a preferred alternative for the RI/FS for 100-BC-5 groundwater. 

Study Input (Step 3) Study Boundaries (Step 4) Data Evaluation Approach (Step 5) 
Performance and Acceptance Criteria 

(Decision Rules) (Step 6) 

1. Conceptual site model 

2. Scientific literature regarding the fate and transport of 
chromium in the environment 

3. Measured concentrations of Cr(VI) and other chemicals 
in groundwater 

4. Measurements of geochemical parameters that influence 
chromium speciation 

5. Geologic data 

6. Water-level data 

7. RI/FS groundwater model 

8. Removal of Cr(VI) sources at 100-C-7 and 100-C-7:1 

9. Pacific Northwest National Laboratory test results 
at 100-C-7:1 

1. Lateral: general 100-BC Area. 

2. Vertical: unconfined aquifer. 

3. Temporal:  

a. Collect two additional years of sampling data. 

b. Additional sampling must be completed by the end of fall 
2015. 

1. Nature and extent of Cr(VI):  

a. Concentrations of Cr(VI) in groundwater will be 
compared with the MTCA standard (48 µg/L) and the 
chronic surface water quality standards (10 µg/L). If the 
extent exceeding the standards is delineated, then the 
extent of contamination will be defined.   

b. If the extent of contamination is not delineated, then 
consider extending the study boundaries. 

2. Groundwater model: If hydrogeologic conditions are 
significantly different from the previous conceptual site 
model, then update the groundwater model. 

3. Determine natural attenuation processes for Cr(VI) in the 
unconfined aquifer in the 100-BC-5 Operable Unit. 

a. Is the plume is stable or shrinking? 

b. Are concentrations along flow path declining? 

c. Are reduction, dispersion, and/or dilution driving the 
contaminant reduction? 

1. Nature and extent: If the horizontal and vertical extent of 
Cr(VI) contamination has been determined and is sufficient 
to select the preferred alternative, then goal is achieved. 

2. If hydrogeologic conditions have been determined and are 
sufficient to update the model, then the goal is achieved. 

3. If sufficient data have been collected to determine if 
attenuation is occurring based on plume stability, 
concentration trends, and natural processes, then evaluate 
monitored natural attenuation as an alternative. 

Plan for Obtaining the Data (Step 7):  

1. Install shallow and deep monitoring wells (see Figure E-3). 

2. Sample groundwater during drilling to obtain Cr(VI) profiles with depth through the unconfined aquifer. 

3. Perform geologic sampling during drilling to identify contacts between the Hanford formation and Ringold Formation unit E, and the Ringold unit E and Ringold upper mud. 

4. Equip selected wells with pressure transducers and data loggers for hydraulic head. 

5. Sample monitoring well network for Cr(VI) and reduction-oxidation-affecting parameters. 

6. Install aquifer tubes at various depths in the shallow hyporheic zone and monitor reduction-oxidation-affecting parameters to determine if chemical reduction is occurring. 

MTCA =  Model Toxics Control Act 

RI/FS =  remedial investigation/feasibility study 

 

 

TPA-CN-558, p. 16 of 30



 
 

 

D
O

E
/R

L-2008-46-A
D

D
3, R

E
V

. 0 

E
-9 

 

Figure E-2. Proposed Locations of Shallow Hyporheic Zone Sampling Stations (Aquifer Tubes) 

TPA-CN-558, p. 17 of 30



DOE/RL-2008-46-ADD3, REV. 0 

E-10 

 
Figure E-3. Proposed Groundwater Monitoring Wells 
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 Step 4, Study Boundaries: Define the target population, the geographic and temporal boundaries, 
and examine any practical constraints to collecting data. 

EPA/240/B-06-001 defines the “target population” as “the total collection… of sampling units to be 
studied... When the target population consists of continuous media, such as air, water, or soil, the 
sampling unit must be defined as some area, volume, or mass that may be selected from the target 
population.” For this study, the target population comprises all possible samples of water from the 
Columbia River hyporheic zone in 100-BC. Previous studies (WCH-398, DOE/RL-2007-21, 
DOE/RL-2010-117) have shown that water from the river itself meets water quality standards.  

Lateral boundaries extend along the shoreline from the ordinary high water mark to a point past the 
low water mark where river depth is approximately 1 m (3 ft). Although upwelling has been found to 
occur in deeper portions of the river (WCH-380), practical constraints limit the use of ongoing 
sampling at those locations. Results from near-shore monitoring will be applicable to the entire 
hyporheic zone. It is also recognized that in the previous three rounds of shallow hyporheic zone 
sampling, sampling sites with Cr(VI) concentrations persistently above 10 µg/L were located in areas 
where the water depth was 1 m (3 ft) or less during low river stage (SGW-49368). 

It is desirable to locate new shallow hyporheic zone sampling points near existing groundwater 
sampling points to study the interaction of groundwater and surface water. The shoreline at 100-BC-5 
currently has shallow groundwater sampling points (aquifer tubes) that are sampled to monitor 
groundwater approaching the river. Because the screens on these tubes are 2 to 8 m (6.6 to 26 ft) 
deep, they do not monitor the shallow hyporheic zone; however, they provide useful information on 
the zone of groundwater and surface water interaction. The existing aquifer tubes, which are spaced 
approximately 100 m (330 ft) apart, are available for continued monitoring.  

Vertical boundaries include the shallow hyporheic zone (upper approximately 0.5 m [1.6 ft]) of the 
riverbed. Most aquatic life is expected to reside in the upper few inches. However, sampling that zone 
is constrained by the likelihood that when the aquifer tubes are pumped, river water would be drawn 
into the sample. Therefore, it is more conservative to sample deeper in the riverbed. 

Temporal boundaries are defined by TPA Change M-15-12-03 and were developed based on the need 
to monitor daily and seasonal variations in river stage. The milestone specifies that aquifer tubes be 
installed no later than November 30, 2013. The initial round of aquifer tube sampling must be 
conducted at time of low water in 2013. Two years of sampling will include two seasonal cycles of 
river stage changes. Sampling must be completed by the end of fall 2015 so the results can be 
evaluated for a revised RI/FS report in 2016. 

Chemical boundaries focus on Cr(VI), which was the only contaminant of potential concern that 
exceeded a water quality standard in the hyporheic zone during previous sampling. Total chromium, 
tritium, and strontium-90 will be monitored periodically to determine their lateral extent, but they are 
not the primary focus of this investigation. 

Practical constraints include the following: 

 River stage: Typically varies more than 4 m (13 ft) over the year; aquifer tubes need to be 
extended above the high water mark for sampling during periods of high river stage. 

 Water depth: To access sample locations that are submerged at all times of the year, aquifer 
tubes need to be installed through the water column.  
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 Durability: Aquifer tubes need to withstand river currents that shift rocks and carry vegetation, 
and need to be protected from wildlife. 

 Pumping rates: Pumping rates from the aquifer tubes must be low to avoid drawing river water 
into the tubes. 

 Substrate conditions: In most locations in the study area, the riverbed is made up of cobble- to 
boulder-size gravel. Installation procedures must take this into account. 

 Weather conditions: Weather conditions may prevent obtaining samples (e.g., water frozen in 
aquifer tubes). 

 Step 5, Data Evaluation Approach: What approach will be used to draw conclusions from the 
study results? 

Analytical data will be reviewed to assess the magnitude, spatial, and temporal patterns of Cr(VI) 
concentrations relative to the surface water quality standard. For significant risk to aquatic 
communities to exist in the shallow hyporheic zone, there must be exposure to a source of 
a contaminant at a level (magnitude) that will result in an adverse effect (i.e., must be above the 
surface water quality standard). This exposure must be for a period of time (temporal pattern) great 
enough to affect the organisms. Finally, the area over which the upwelling of elevated concentrations 
of significant duration is occurring (spatial pattern) must be large enough to result in an impact to the 
aquatic community or local populations of sensitive organisms.  

The analysis will address the following questions: 

1. Is upwelling groundwater a potential source of Cr(VI) concentrations in pore water that are 
continuing to exceed the surface water quality standards, by how much, and if so are there 
decreasing trends in measured concentrations over the two year study period? 

2. What is the spatial distribution of measured concentrations in the shallow hyporheic zone that 
are above the surface water quality standards? 

3. What type of remedial actions does the data analysis support in specific areas?  

Magnitude: Evaluations of the magnitude of Cr(VI) in the shallow hyporheic zone will focus on how 
concentrations compare to the 10 µg/L surface water quality standard. As such, the data to compare to 
the standard will be compiled as described in the state of Washington standard (Table 240[3] of 
WAC 173-201A-240) as 4-day averages compared to the 10 µg/L standard for chronic exposures and 
a 1-hour average compared to the 15 µg/L standard for acute exposures. An exceedance of these 
standards could be indicative of adverse effects to aquatic communities (e.g., benthic organisms, fish, 
aquatic plants, etc.). Therefore, when an exceedance is observed, further analysis of spatial and 
temporal trends of the source should be conducted to understand the likelihood of an adverse 
effect occurring. 

Temporal: Evaluations of the temporal trends in the shallow hyporheic zone will focus on whether 
concentrations of Cr(VI) are above the surface water quality standards and whether there are any 
decreasing trends in measured concentrations over the 2-year study period. 

Spatial: With aquifer tube monitoring stations spaced approximately 100 m (330 ft) apart, each 
station represents approximately 100 m (330 ft) of shoreline. The spatial analysis will consider the 
proximity of any exceedances of the surface water quality standards. The spatial analysis will be 

TPA-CN-558, p. 20 of 30



DOE/RL-2008-46-ADD3, REV. 0 

E-13 

combined with a temporal analysis to note any repeated trends of spatial patterns and help ascertain if 
spatial patterns warrant further evaluation.  

Support to selecting a preferred alternative for the 100-BC-5 RI/FS: The evaluation of the 
magnitude, temporal, and spatial trends of Cr(VI) concentrations in the areas of upwelling from 
100-BC-5 groundwater will be used within the ecological risk assessment presented in the RI to help 
inform the risk management decision. The results of the magnitude, spatial, and temporal analyses 
will help with developing the FS, selecting a preferred alternative (e.g., monitoring actions versus 
active remedies), focusing where to implement the alternative, and establishing performance criteria. 

 Step 6, Performance and Acceptance Criteria: Specify decision rules. 

The following performance criteria for the data are required to support the decisions specified in 
Step 5: 

 Required detection limit for Cr(VI) must be at or below 5 µg/L.  

 Samples will be collected and analyzed via procedures specified in the project quality assurance 
project plan, found in Appendix B of the RI SAP (DOE/RL-2009-44).  

 The data will be collected in a manner and a frequency to support the calculation of a 1-hour 
average and 4-day running arithmetic mean concentration of Cr(VI). 

 Step 7, Plan for Obtaining the Data: Compile all information and outputs generated in Steps 1 
through 6. Use this information to identify sampling and analysis designs. 

Table E-1 lists the tasks designed to gather the data necessary to meet the project’s goal (Step 2) and 
resolve the problem (Step 1). These tasks involve installing and sampling aquifer tubes screened in 
the shallow hyporheic zone. Section E.2.1 summarizes the scope of work. An appendix to the RI SAP 
(DOE/RL-2009-44) will provide details. 

E1.3.2 Groundwater 
The second page of Table E-1 summarizes the DQO results for investigating groundwater in the 
100-BC-5 OU.  

 Step 1, Problem Statement: Remediation of waste sites (secondary contaminant sources) in 100-BC 
is virtually complete, and groundwater contaminant concentrations are expected to change in 
response. Uncertainties in the hydrogeologic information (nature and extent, vertically and laterally; 
natural attenuation processes in the aquifer and approaching the river; hydrogeologic layers; and 
hydraulic head) need to be resolved prior to the selection of a preferred alternative. 

Contamination from the 100-C-7 and 100-C-7:1 waste sites moves rapidly through the upper portion 
of the aquifer, which is in the highly permeable Hanford formation. The effects of the remediation are 
not yet evident in the deeper part of the aquifer in Ringold unit E. Concentrations downgradient of the 
sites are elevated but stable in this deeper portion of the aquifer. 

When remediation of the 100-C-7:1 waste site is complete, there will be no more known secondary 
sources of contamination. The effects of remediation will begin to influence conditions in the aquifer 
and contamination will begin to attenuate. Additional data are needed to track the effects of the 
remediation and answer the following questions to determine if natural attenuation is occurring. 
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1. Is the plume stable or shrinking?  

2. Are concentrations along the flow path declining? 

3. Are reduction, dispersion, and/or dilution driving the decreasing contaminant concentrations?  

To determine if natural attenuation is a viable remedial alternative, the Cr(VI) plume needs to be 
defined more accurately, concentrations monitored, and the processes contributing to attenuation 
need to be identified. 

 Step 2, Goal of the Study: Obtain data to support selecting a preferred alternative for the RI/FS for 
100-BC-5 groundwater. 

The goal of all of the 100-BC RI studies is to obtain the data needed to make an informed, defensible 
decision about CERCLA actions for the vadose zone and groundwater. The additional studies 
described in this section relate specifically to groundwater and will support the recommendation of 
a preferred alternative for groundwater remediation. 

 Step 3, Study Input: What are the kinds of information needed to formulate and investigate 
the problem? 

Much is already known about the 100-BC-5 Groundwater OU. Entering the next phase of the 
investigation, input includes the conceptual site model to date, as described in the draft RI report 
(DOE/RL-2010-96). The conceptual site model incorporates geologic data, water levels, and 
hydrogeologic properties. The draft RI report also includes computer simulations of contaminant 
plume migration and attenuation. Additional groundwater monitoring data continued to be collected 
after completing the RI tasks, including Cr(VI) trends in wells downgradient of the active remediation 
waste sites 100-C-7 and 100-C-7:1. Other input includes scientific literature regarding the fate and 
transport of chromium in the environment, and measurements of geochemical parameters that 
influence chromium speciation. 

 Step 4, Study Boundaries: Define the target population, the geographic and temporal boundaries, 
and examine any practical constraints to collecting data. 

The target population comprises all possible samples of groundwater from the unconfined aquifer in 
the 100-BC-5 OU. 

The lateral boundaries are the general 100-BC Area. Vertically, the study includes the unconfined 
aquifer. There is no need to collect additional data on water-bearing units in the Ringold upper mud 
unit, which is uncontaminated (DOE/RL-2010-96). 

Practical constraints include access to groundwater samples (i.e., practical limits on the number of 
monitoring wells and sampling events) and sampling priorities of the overall Hanford Site 
groundwater monitoring program. 

A significant practical constraint to sample collection during drilling is the potential to chemically 
reduce the groundwater, which results in lower concentrations of Cr(VI) in samples than are actually 
present in the groundwater. The drilling process exposes fresh iron surfaces in the aquifer, which 
affect reduction-oxidation-sensitive metals such as chromium and manganese. The effects can be 
minimized by adequate purging of the borehole until dissolved oxygen levels recover. 

Constraints related to sampling aquifer tubes include weather (tubes are likely to be plugged when 
temperature is below freezing) and limits on pumping rates. 
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Temporal boundaries are defined by TPA Change M-15-12-03. Two additional years of well 
sampling data are needed for evaluation, and sampling must be completed by the end of fall 2015 
so the results can be evaluated to support an RI report in 2016. 

Chemical boundaries focus the study on Cr(VI) because computer models show this contaminant is 
the slowest to attenuate, and because Cr(VI) discharges to the Columbia River at levels above 
10 µg/L. Tritium and strontium-90 may be monitored to determine their lateral and vertical extent, 
but they are not the primary focus of this investigation. 

 Step 5, Data Evaluation Approach: What approach will be used to draw conclusions from the 
study results? 

The approach has three broad areas of investigation: 

1. To define the nature and extent of Cr(VI), concentrations in groundwater will be compared 
with the groundwater cleanup standard (48 µg/L) and the chronic surface water quality standard 
(10 µg/L) in areas where groundwater discharges to surface water. If the extent exceeding the 
standards is delineated, then the extent of contamination will be adequately defined. If the extent 
of contamination at these levels is not delineated, then consider extending the study boundaries. 

2. For the groundwater model, if hydrogeologic conditions are significantly different from the 
previous conceptual site model, then update the groundwater model. It is almost certain that the 
model will be updated because refining geologic contacts and updating the groundwater 
monitoring data set will, at a minimum, be input to the model. 

3. The following questions will be asked to determine natural attenuation processes for Cr(VI) 
in the unconfined aquifer in 100-BC-5.  

a. Is the plume stable or shrinking? Uncertainties about the plume’s dimensions will be reduced 
by installing additional monitoring wells and characterizing the plume with depth in the 
aquifer. The size of the plume will be monitored over time to determine if it is stable, 
shrinking, or growing. 

b. Are concentrations along the flow path declining? As groundwater flows from former source 
areas toward the Columbia River, Cr(VI) concentrations should decline due to natural 
processes. The recent remediation activities at the 100-C-7 and 100-C-7:1 waste sites 
mobilized Cr(VI), so it is expected that concentrations will temporarily increase in 
downgradient wells as the pulse of Cr(VI) moves through the subsurface. After passage of 
that pulse, however, decreasing concentrations along the flow paths will indicate 
natural attenuation. 

c. Are reduction, dispersion, and/or dilution driving the decreasing contaminant concentrations? 
Natural attenuation processes applicable to Cr(VI) include chemical reduction to trivalent 
chromium, dispersion (spreading), and dilution (mixing with cleaner groundwater). By 
measuring parameters relating to reduction-oxidation conditions, the importance of chemical 
reduction can be evaluated. In the absence of reducing conditions, dispersion and dilution 
would be presumed to be the applicable processes. 

If the plume is not stable or shrinking, concentrations along the flow path are not declining, and 
reduction, dispersion, and dilution are not occurring, then natural attenuation is not occurring or 
unidentified, continuing sources may be present.  
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 Step 6, Performance and Acceptance Criteria: Specify decision rules.  

In many DQO evaluations, this step includes developing decision rules with statistical tests and 
associated limits on decision errors. That approach is not taken in the present case because the 
outcome of the tasks described in this appendix will not stand alone in the decision-making process 
for 100-BC-5 groundwater. Additional factors will be discussed and weighed in the RI/FS report to 
develop with a preferred alternative for a groundwater remedy. Hence the decision rules are more 
general in nature: 

1. Nature and extent: If the horizontal and vertical extent of Cr(VI) contamination has been 
determined and knowledge is sufficient to select the preferred alternative, then the goal 
is achieved. 

2. Groundwater model: If hydrogeologic conditions have been determined and knowledge is 
sufficient to update the groundwater model, then the goal is achieved. 

3. Natural attenuation: If sufficient data have been collected to determine if attenuation is 
occurring based on plume stability, concentration trends, and natural processes, then evaluate 
monitored natural attenuation as an alternative. 

 Step 7: Develop the Plan for Obtaining the Data: Compile all information and outputs generated in 
Steps 1 through 6. Use this information to identify sampling and analysis designs. 

Table E-1 lists tasks for gathering the data necessary to meet the project’s goal (Step 2) and resolve 
the problem (Step 1). The tasks are divided into three parts: (1) nature and extent, (2) groundwater 
model refinement, and (3) natural attenuation processes. Section E.2.2 summarizes the scope of work. 
Appendix B of the RI SAP (DOE/RL-2009-44) provides details. 

E2 Work Plan Tasks 

This section summarizes the tasks that will be performed to gather the data needed to support 
remedial action decisions. Details of these studies will be described in a revision of the RI SAP 
(DOE/RL-2009-44). 

E2.1 Shallow Hyporheic Zone 

The tasks for the shallow hyporheic zone investigation include shallow hyporheic zone sampling 
and analysis: 

1. Establish new, shallow aquifer tube stations (Figure E-2), including three stations upstream, eight 
stations within the Cr(VI) plume, and three downstream stations. The new tubes will be located near 
the existing, deeper aquifer tubes. Four of the stations will also include mid-depth aquifer tubes to 
support the groundwater portion of this investigation (Section E2.2). 

2. Perform sampling at frequencies that meet the needs of the decision rules outlined in the previous 
section. Details of sampling will be provided in a revision of the RI SAP (DOE/RL-2009-44). 

3. Analyze samples from new stations and nearby river water for the following field parameters: Cr(VI), 
dissolved oxygen, pH, temperature, specific conductance, and reduction-oxidation potential. 

4. During periods of low river stage, analyze all or a subset of samples from new stations for supporting 
parameters that may include total chromium, dissolved organic carbon, ferrous iron, manganese, 
tritium, and strontium-90. 
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E2.2 Groundwater  

The tasks for the groundwater portion of this investigation are divided into three general parts. These 
parts overlap, and the data will support more than one part: 

1. Nature and Extent: 

a. Install shallow and deep monitoring wells (Figure E-3). The exact number of wells and their 
screened depths will depend on results of groundwater sampling during drilling. Table E-2 
explains the intended purpose of each well. 

b. Sample groundwater during drilling to obtain Cr(VI) profiles with depth through the unconfined 
aquifer. Results will help define vertical contaminant distribution and will determine the 
placement of well screens and contingent wells (Table E-2). 

2. Groundwater model: 

a. Perform geologic sampling during drilling to identify geologic contacts between the Hanford 
formation, Ringold unit E, and the Ringold upper mud. These contacts are important in defining 
the layers of the groundwater model because they have different hydraulic properties. 

b. Equip selected wells with pressure transducers and data loggers for hydraulic head. Water levels 
at the top of the aquifer are well known, but the head at depth in the aquifer is currently measured 
in only a few wells. The existing transducer network will be modified by equipping some of the 
new, deep wells with transducers. The data will be used to refine groundwater flow directions in 
the model. 

3. Natural attenuation processes: 

a. Sample the monitoring well network for Cr(VI) and reduction-oxidation-affecting parameters. 
These parameters may include dissolved oxygen, dissolved organic carbon, sulfide, and ferrous 
iron. Compound-specific isotope analysis will be used on selected samples to provide direct 
evidence of biological or abiotic degradation of Cr(VI). 

b. Install aquifer tubes at various depths in the hyporheic zone and monitor reduction-oxidation-
affecting parameters to determine if chemical reduction is occurring in the last few meters before 
the groundwater discharges to the river. This sampling will be integrated with the hyporheic zone 
investigations outlined in Section E.2.1. 

Details of these tasks will be included in a revision to the RI SAP (DOE/RL-2009-44). 
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Table E-2. Proposed Monitoring Wells 

Numbera Location Approach and Objectives 

E1, E2b 
Northeast of 
100-C-7:1 
(near site) 

Drill and sample through entire unconfined aquifer. If Cr(VI) concentrations 
decline with depth or if there is no significant contamination, screen at water 
table only. Otherwise screen at depth of contamination and consider installing 
a second well at the water table. No characterization sampling required during 
drilling of second well. 

1. Monitor Cr(VI) concentrations and trends downgradient of former source in 
Hanford formation and at bottom of aquifer. 

2. Define Cr(VI) distribution with depth. 

E3, E4b 
Northeast of 
100-C-7 
(mid-distance) 

Drill and sample through entire unconfined aquifer. If Cr(VI) concentrations 
decline with depth or if there is no significant contamination, screen at water 
table only. Otherwise screen at depth of contamination and consider installing 
a second well at the water table. No characterization sampling required during 
drilling of second well. 

1. Monitor Cr(VI) concentrations and trends downgradient of former source in 
Hanford formation and at bottom of aquifer. 

2. Define Cr(VI) distribution with depth. 

E5 
Partner with 
199-B5-1  

Drill and sample through unconfined aquifer. Screen in lower part of aquifer. 

1. Define extent of Cr(VI) and trends in Ringold unit E in southern 100-BC-5 
(recent decrease to <10 µg/L in shallow well). 

2. Monitor hydraulic head at depth. 

3. Define geologic contacts. 

E6, E7b Eastern 100-BC-5 

Drill and sample through entire unconfined aquifer. If Cr(VI) concentrations 
decline with depth or if there is no significant contamination, screen at water 
table only. Otherwise screen at depth of contamination and consider installing 
a second well at the water table. No characterization sampling required during 
drilling of second well. 

1. Define horizontal and vertical extent of Cr(VI) in eastern 100-BC-5. 

2. Monitor trends in Cr(VI) in direction of migration from southern 100-BC-5. 

3. Define geologic contacts. 

E8, E9b 
Western 
100-BC-5 

Drill and sample through entire unconfined aquifer. If Cr(VI) concentrations 
decline with depth or if there is no significant contamination, screen at water 
table only. Otherwise screen at depth of contamination and consider installing 
a second well at the water table. No characterization sampling required during 
drilling of second well. 

1. Define horizontal and vertical extent of Cr(VI) in western 100-BC-5. 

2. Define geologic contacts in area of high uncertainty. 

3. Monitor hydraulic head in western part of 100-BC-5.  
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Table E-2. Proposed Monitoring Wells 

Numbera Location Approach and Objectives 

E10 
Partner with 
199-B4-7  

Drill and sample through unconfined aquifer. Screen in lower part of aquifer. 

1. Define horizontal and vertical extent of Cr(VI) in Ringold unit E in the 
southern 100-BC-5. 

2. Monitor trends downgradient of 100-C-7 (trends increasing in 
shallow well). 

3. Monitor hydraulic head at depth. 

4. Define geologic contacts. 

E11 
Between 
199-B2-16 and 
199-B2-13 

Drill and sample through entire aquifer thickness. Screen at depth of Cr(VI) 
contamination, if any. Otherwise screen at water table. 

1. Define horizontal and vertical extent of Cr(VI) in northwestern 100-BC-5 
(formerly elevated in well 199-B2-13). 

2. Define geologic contacts in area of high uncertainty. 

a. Temporary well number for identification in this appendix. 

b. Installation is contingent on characterization results from another well; may not be installed.  
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