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2.5  100‑HR‑3‑D Groundwater Interest Area
M. J. Hartman

This section describes groundwater flow and chemistry in the 100‑HR‑3‑D 
groundwater interest area (including the 100‑D Area located in the western portion 
of the 100‑HR‑3 Operable Unit). Figures 2.5‑1 and 2.5‑2 show facilities, wells, 
and shoreline monitoring sites in this region. Hexavalent chromium is the principal 
contaminant of concern in 100‑D Area groundwater. 

Groundwater beneath the 100‑D Area flows primarily to the north and west, 
toward the Columbia River (Figure 2.5‑3). Near the Columbia River, including the 
in situ reduction‑oxidation (redox) manipulation site, the average flow direction is 
toward the northwest. Farther inland, average flow is northward. Extraction and 
injection of groundwater from pump‑and‑treat systems affect flow locally in the 
100‑D Area.

East of the 100-D Area, groundwater flows to the northeast, turning eastward near 
the 100-H Area (Figure 2.1‑2). Thus, groundwater contaminants from the 100-D Area 
may migrate across the horn of the Hanford Site toward the 100-H Area.

Some of the main concepts associated with the 100‑HR‑3‑D groundwater interest 
area include the following.

Principal sources of groundwater contamination included liquid waste sites •	
(trenches, cribs, and retention basins). Leaks from pipelines and spills of 
sodium chromate solution also contributed to groundwater contamination. 
The waste sites have been remediated (shallow contaminated sediment has 
been excavated) and backfilled.
Recent drilling has not identified a deep vadose zone source of chromium. •	
However, high concentrations in groundwater indicate a vadose zone source 
remains.
Hexavalent chromium is the principal contaminant of concern in groundwater. •	
The area of the plume has remained stable over the past three years. 
New wells have helped define the core of the chromium plume, with •	
concentrations over 30,000 µg/L in some samples. 
The U.S. Department of Energy (DOE) continued characterizing the chromium •	
plume between the 100-D and 100-H Areas. Concentrations generally range 
from 20 to ~100 µg/L.
Nitrate and tritium contamination also is present in groundwater.•	
Two pump-and-treat systems continued to operate in the 100-D Area. The •	
original system removed 22.9 kg of chromium in  fiscal year (FY) 2008, and 
287 kg since 1997. The DR‑5 Pump‑and‑Treat System removed 50.6 kg in 
FY 2008 and 211 kg since 2004. A pilot-scale system removed an additional 
30 kg in the early 1990s. Concentrations in groundwater remained above the 
remedial action goal of 22 µg/L.
An in situ treatment system converts hexavalent chromium to a non-toxic, •	
immobile form within a portion of the aquifer. Concentration in some 
downgradient wells remained above the remedial action goal of 20 µg/L. The 
DOE is investigating a method of repairing the treatment system by injecting 
zero-valent iron.
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contaminant of 
concern in the 
100‑D Area.
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The DOE is testing a remediation method that stimulates bacteria in the •	
aquifer to reduce hexavalent chromium to a non-toxic form.
All but one of the monitoring wells are screened at the top of the unconfined •	
aquifer, which is 3 to 9 m thick in the 100-D Area. One well is screened in 
the Ringold upper mud unit, and it does not detect any contamination.

The groundwater in the 100‑D Area is monitored for the objectives of the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) and the Atomic Energy Act of 1954 (AEA). Section 2.5.1 describes 
contaminant plumes and concentrations. Section 2.5.2 summarizes operable unit 
activities, which include interim action groundwater remediation, chromium 
characterization, and testing technologies for chromium remediation and treatment. 
There are no active waste disposal facilities or Resource Conservation and Recovery 
Act of 1976 sites in the 100‑D Area.

2.5.1  Groundwater Contaminants
Wells in the 100‑D Area are sampled for hexavalent chromium, which is the 

principal contaminant of concern, and co‑contaminants: strontium‑90, tritium, nitrate, 
sulfate, and gross beta. This section describes distribution and trends 
of those groundwater contaminants beneath the 100‑D Area.

2.5.1.1  Chromium
Hexavalent chromium is the principal contaminant of concern for 

the 100‑HR‑3 Operable Unit interim actions (EPA/ROD/R10‑99/039;  
EPA/AMD/R10‑00/122). The remedial action goal is 22 µg/L for the 
pump‑and‑treat systems and 20 µg/L for the redox system. 

Chromium contamination underlies most of the 100‑D Area in 
two plumes. The northern plume likely originated from cribs and 
trenches in the central 100‑D Area, and the southern plume has 
sources near the former chromate transfer station. 

Figure  2.5‑4 shows chromium in the entire horn of the Hanford Site, which 
includes the 100‑D and 100‑H Areas and the 600 Area between them. The plume 
extends from 100‑D Area to 100‑H Area at concentrations between 20 and ~100 µg/L. 
The contamination is believed to have migrated eastward from the 100‑D Area when 
there was a groundwater mound beneath the retention basins. Section 2.5.2.4 discusses 
the horn chromium investigation. Figure 2.5‑5 shows chromium distribution at the 
redox site in the southwestern 100‑D Area.

Aquifer tubes provide additional monitoring points along the 100‑D Area 
shoreline. Figure 2.5‑6 illustrates the depths of the aquifer tubes and screened intervals 
of wells near the shoreline. Chromium concentrations greater than ~100 µg/L are 
detected in tubes from 1 to 8 m below land surface. Figure 2.5‑7 shows the ranges of 
chromium concentrations in 100‑D Area aquifer tubes over the period of monitoring. 
At most sites, FY 2008 concentrations were in the lower end of the historical range. 
The following paragraphs discuss chromium trends in more detail.

Northern Plume. The ~100 µg/L contour of the northern chromium plume 
extends from cribs, trenches, and pipelines near the former D Reactor building 
toward the north and west. At concentrations between 20 and 100 µg/L, the plume 

Plume areas (square kilometers) in the 
100‑HR‑3‑D groundwater interest unit:
	 Chromium, 100 µg/L — 0.76
	 Chromium, 20 µg/L* — 2.9
	 Nitrate, 45 mg/L — 0.92
	 Tritium, 20,000 pCi/L — 0.03
*Includes chromium plume east 
to boundary with 100‑HR‑3‑H 
groundwater interest area.

At 100‑D Area, 
three remediation 

systems help reduce 
the amount of 

chromium reaching 
the Columbia River: 
two pump‑and‑treat 

systems in the 
north and an in situ 
remediation system 
in the southwest.
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extends eastward to the 100‑H Area. One well near the 100‑H Area (699-97-43B) 
had concentrations greater than 100 µg/L for several sampling events in FY 2008.

Well 199‑D5‑15 is monitored near the sources of the northern plume (Figure 2.5‑8). 
Concentrations were low in 1999 to 2003 because of dilution from nearby leaking 
water lines, which were repaired in 2004 (PNNL-15070). Concentrations began to 
increase in 2004 and reached a maximum of 2,450 µg/L in May 2007. Concentrations 
subsequently declined, and were ~1,000 µg/L in FY 2008. The cause of the recent 
spike in chromium concentrations is unknown. 

Chromium concentrations also increased in wells 199-D5-14 and 199-D5-16, 
located downgradient of well 199-D5-15 (Figure 2.5‑8). These increases may reflect 
movement of the FY 2007 chromium peak in well 199-D5-15.

In the northern 100‑D Area near the original pump‑and‑treat system, compliance 
wells continued to show variable chromium concentrations, with the lowest 
concentrations in the early summer when river stage was high (Figure 2.5‑9). The 
concentrations in compliance wells were below the 22 µg/L remedial action goal 
during summer 2008. The seasonal concentration peaks (fall and winter of each 
year) have declined since 2000. Section 2.5.2 contains more information about the 
pump‑and‑treat systems.

Chromium concentrations have decreased in extraction wells on the southwestern 
side of the northern plume (Figure 2.5‑10) since groundwater extraction began in July 
2004. Average FY 2008 concentrations in the three extraction wells were 235 µg/L 
in well 199-D5-20, 141 µg/L in well 199-D5-32, and 95 µg/L in well 199‑D5‑92. 
Concentrations continued declining in all three wells. In nearby monitoring well 
199‑D5‑41, chromium concentrations declined from more than 2,000 µg/L in 2005 
and 2006 to less than 20 µg/L in FY 2008 (Figure 2.5‑11). The decline was not 
accompanied by any change in specific conductance that would indicate dilution with 
clean water. The decline in chromium concentrations may be caused by migration 
of treated water from the DR‑5 Pump‑and‑Treat System, which is injected into well 
199‑D5‑42 (located upgradient of well 199‑D5‑41). 

Four of the five aquifer tube clusters monitoring the northern plume had at least 
one result exceeding the 10 µg/L aquatic standard in FY 2008 (Figure 2.5‑6). The 
highest concentration was 60 µg/L in AT‑36‑M. This was a decrease from the FY 2007 
concentration of more than 100 µg/L.

Well 199‑D8‑54B in the north 100‑D Area monitors a silty sand unit within the 
Ringold upper mud unit. In this deeper, confined unit, chromium concentrations are 
near the detection limit, while an adjacent shallow well has concentrations above 
the drinking water standard.

Southern Plume. This chromium plume lies south and southwest of the 
182‑D Reservoir and west of the 183‑DR Filter Plant, extending to the Columbia River 
(Figures 2.5‑4 and 2.5‑5). The core of the chromium plume, with concentrations 
exceeding 1,000 µg/L, is oriented west‑northwest. The redox barrier intersects the 
south chromium plume and terminates the highest‑concentration portion of the 
plume. 

In FY 2008, DOE installed four new wells to investigate chromium sources in 
the southern 100‑D Area. The new wells are 199‑D5‑119, 199‑D5‑120, 199‑D5‑121, 
and 199‑D5‑122 (Figure 2.5‑1). These wells supplement information from the seven 
chromium source investigation wells drilled in FY  2007. The highest levels of 

New wells in the 
southern 100‑D Area 

help characterize 
chromium sources 
there. Some of the 
new wells have the 
highest chromium 

concentrations 
ever measured 
in Hanford Site 
groundwater.
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chromium in groundwater were in wells 199‑D5‑99 and 199‑D5‑104 (Figure 2.5‑12). 
Well 199‑D5‑99 had a peak level of more than 30,000 µg/L in FY 2008. Section 
2.5.2.7 discusses this investigation further.

Compliance monitoring wells downgradient of the redox barrier show inconsistent 
chromium trends (Figure 2.5‑13). Northernmost well 199‑D4‑83 had levels exceeding 
50 µg/L in FY 2008, a slight increase from FY 2007, when levels were mostly below 
the remedial action goal. Also near the north end of the barrier, well 199‑D4‑39 
had much higher levels, ranging from 156 to 617 µg/L in FY 2008. However, the 
concentrations show an overall decline since 2004. Concentrations remained variable 
in well 199‑D4‑38, ranging from 59 to 255 µg/L. Nearby wells 199‑D4‑23 and 
199‑D4‑84 had lower and less variable concentrations (19 to 62 µg/L). Most FY 2008 
chromium concentrations were below the remedial action goal in the southernmost 
compliance wells 199‑D4‑85 and 199‑D4‑86.

Chromium concentrations remained above 100 µg/L in several wells within and 
downgradient of the redox barrier (Figure 2.5‑5). Chromium is migrating through the 
barrier in some locations, and the DOE is studying alternative methods to mitigate 
this problem (Section 2.5.2).

Chromium concentrations downgradient of the redox site have decreased since 
the late 1990s in most of the aquifer tubes (Figure 2.5‑14). However, concentrations 
increased sharply in some tubes in FY  2008 (e.g., Redox‑1‑6.0). The highest 
concentration in this region was 422 µg/L in tube Redox‑1‑3.3 (Figure 2.5‑6) in 
FY 2008. This aquifer tube is located downgradient of well 199-D4-39, which has 
the highest chromium concentrations downgradient of the redox barrier.

Chromium concentrations in the central 100‑D Area (e.g., wells 199‑D5‑33, 
199‑D5‑36, and 199‑D5‑44) are very low. These wells separate the southern and 
northern chromium plumes. The low concentrations were probably caused by 
infiltration of clean water from the 182‑D Reservoir, and injection of treated water 
into well 199‑D5‑42. Repairs and operational changes have reduced the amount 
of infiltration from the 182‑D Reservoir, but chromium concentrations have not 
responded. Specific conductance remains low (~220 µS/cm or less).

2.5.1.2  Strontium‑90
Two locations in the 100‑D Area (near the former retention basins in the north and 

near the D Reactor building) have a history of strontium‑90 detections in groundwater. 
Concentrations were below the 8 pCi/L drinking water standard in FY 2008.

Well 199‑D8‑68 (near the former retention basins) continued to have the highest 
strontium‑90 concentration in FY 2008. Duplicate samples in November 2007 had 
analytical results of 5.7 and 7.7 pCi/L. Concentrations ranged from 2 to 14 pCi/L 
in this well since 1998. 

Wells near the former D Reactor were not sampled for strontium‑90 in FY 2008. 
Previous detections in well 199‑D5‑15 were ~2 pCi/L. 

2.5.1.3  Tritium
Tritium concentrations remained below the 20,000 pCi/L drinking water standard 

in most wells in the 100‑D Area, but continued to exceed the standard in three wells 
(Figure 2.5‑15) and one aquifer tube (DD‑44‑4) near the southern part of the redox 
barrier. The tritium contamination is believed to have originated as part of the 
100‑N Area tritium plume to the south. A peak of contamination moved past well 

Tritium 
contamination in the 
southern 100‑D Area 
may have originated 
in the 100‑N Area.



100-HR-3-D Operable Unit           2.5-5

DOE/RL-2008-66, Rev. 0

199‑D3‑2 in the late 1990s. Concentrations in this well have increased again since 
2004, but remained below the drinking water standard in FY 2008.

2.5.1.4  Nitrate and Nitrite
Figure 2.5‑16 shows the distribution of nitrate in 100‑D Area groundwater. The 

plume has two major lobes. Nitrate concentrations continued to exceed the drinking 
water standard (45 mg/L) in both lobes, with a FY 2008 maximum concentration 
of 116 mg/L in well 199‑D2‑6 in the southern 100‑D Area. The southern portion 
of the nitrate plume is intercepted by the redox barrier, which chemically reduces 
the nitrate. Nitrate concentrations in 100‑D Area aquifer tubes were all below the 
drinking water standard.

Nitrite was detected in some of the wells monitoring the redox barrier in FY 2008. 
Only one analytical result exceeded the 3.3 mg/L drinking water standard: 5.4 mg/L 
in well 199‑D4‑36. 

2.5.1.5  Sulfate
Sulfate concentrations remained over 100 mg/L beneath much of the southern 

100‑D Area. Excluding wells influenced by the redox system, concentrations were 
below the secondary drinking water standard (250 mg/L) in FY 2008. Past injections 
of sodium dithionite solution at the redox site increased sulfate concentrations 
to levels above the standard in the barrier and in some downgradient wells and 
aquifer tubes. The highest FY 2008 concentration in a barrier well was 557 mg/L in 
well 199‑D4‑78. Concentrations have declined in this well from over 1,000 mg/L 
in 2003. Concentrations increased to a new maximum (549 mg/L ) in downgradient 
well  199‑D4‑84. The highest concentration in an aquifer tube was 558 mg/L in 
DD‑43‑3, also a new maximum.

2.5.1.6  Gross Beta
Samples from several of the wells in the redox barrier are analyzed for gross 

beta. A few wells continued to have concentrations exceeding the 50 pCi/L drinking 
water standard in FY  2008. Well 199‑D4‑19 had the highest value (152  pCi/L). 
Concentrations have been declining in this well since 2003. Analysis of a previous 
sample from a nearby well showed that the beta is caused by potassium‑40 naturally 
present in the injected solution (PNNL‑13116, Hanford Site Groundwater Monitoring 
for Fiscal Year 1999).

2.5.2  Operable Unit Activities
This section summarizes CERCLA activities in the 100‑D Area, including 

groundwater remedial actions. The DOE began work on several Environmental 
Management Technology (EM‑22) proposals in the 100‑D Area. The DOE also began 
characterizing a chromium plume between the 100‑D and 100‑H Areas.

The DOE installed eight new wells in the 100‑HR‑3‑D groundwater interest 
area in FY 2008: four (199‑D5‑119, 199‑D5‑120, 199‑D5‑121, and 199‑D5‑122) 
for a chromium source area investigation in the 100‑D Area, and four (699‑95‑51, 
699‑96‑52B, 699‑97‑48B, and 699‑98‑51) to define chromium distribution east of 
the 100‑D Area.
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2.5.2.1 Status of CERCLA Five‑Year Review Action Items 
The second CERCLA five‑year review was published in November 2006 

(DOE/  RL‑2006‑20). The review identified six actions pertaining to the 
100‑D Area.

Action 8‑1. Complete a field study to investigate additional sources of chromium 
groundwater contamination within the 100‑D Area. Complete additional geologic 
and geochemical investigations of the vadose zone in the 100‑D Area (March 2009). 
Progress is underway (Sections 2.5.2.7 and 2.5.2.8).

Action 9‑1. Perform additional characterization of the aquifer in the horn and 
evaluate the need to perform remedial action to meet the remedial action objectives 
of the 100‑D Area record of decision for interim action (September 2009). Progress 
is underway (Section 2.5.2.4). Figure 2.5‑4 illustrates chromium distribution across 
the horn.

Action 9‑2. Incorporate the horn into the 100‑HR‑3 interim action record of 
decision if Action 9‑1 indicates the horn contains a plume that needs immediate 
remediation (September 2009). This action depends on the outcome of Action 9‑1 
and will be incorporated into the systematic planning process and remedial process 
optimization for the 100‑HR‑3 Operable Unit.

Action 10‑1. Direct the operating contractor to further minimize leaks from the 
182‑D Reservoir (previously completed).

Action 11‑1. Initiate limited iron amendments to evaluate whether this enhances 
redox barrier performance (September 2007). Testing is ongoing, with results 
expected in FY 2009 (Section 2.5.2.5).

Action 11‑2. Expand groundwater pump‑and‑treat extraction within the 
100‑D Area by 378.5 L/min to enhance remediation of the chromium plume (no 
due date). The DOE and the lead regulatory agency have agreed that this action will 

be resolved through continuing improvements to 
the pump‑and‑treat system. Currently, the DOE 
is evaluating remedial process optimization of 
the pump‑and‑treat system and bioremediation 
technologies for the vadose zone. The DOE 
plans to install additional extraction and injection 
wells in FY 2009 as part of the remedial process 
optimization.

2.5.2.2  Pump‑and‑Treat Systems 
Two pump‑and‑treat systems continued to 

operate to remediate chromium contamination 
in the 100‑D Area in FY 2008. The DOE plans 
to expand and optimize the systems beginning 
FY 2009. 

A pump‑and‑treat system in the northern 
100‑D Area includes four extraction wells located 
near the former 116‑D‑7 and 116‑DR‑9 Retention 

Basins. The system began operating in July 1997 with two extraction wells (199‑D8‑53 
and 199‑D8‑54A). In May 2002, wells 199‑D8‑68 and 199‑D8‑72 were converted 
to additional extraction wells. 

The following are remedial action objectives of the 
100‑HR‑3 Operable Unit (EPA/ROD/R10‑99/039; 
EPA/ AMD/R10‑00/22).

Protect aquatic receptors in the river bottom from •	
contaminants in groundwater entering the Columbia 
River.

Protect human health by preventing exposure to •	
contaminants in the groundwater.

Provide information that will lead to the final remedy.•	

The contaminant of concern is hexavalent chromium. 
The records of decision specify an interim action goal 
of 22 µg/L at compliance wells for the pump‑and‑treat 
systems and 20 µg/L for the redox system.
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Extracted groundwater is transferred via pipeline to the 100‑H Area where it is 
treated and injected into the aquifer. Monitoring requirements for this system are 
included in DOE/ RL‑96‑90, Interim Action Monitoring Plan for the 100‑HR‑3 and 
100‑KR‑4 Operable Units (as modified by DOE/RL‑96‑84). Long‑term monitoring 
requirements in the 100‑D Area were derived from Tri‑Party Agreement Change 
Control Form 107. Appendix A lists wells, constituents, and sampling frequencies 
for interim action monitoring. For interim action monitoring, all wells were sampled 
as planned. For long-term operable unit monitoring, some monthly and quarterly 
samples were missed because of scheduling conflicts and some constituents were 
not scheduled for analysis. The monitoring plan for the 100-HR-3 Operable Unit is 
being revised.

A second pump‑and‑treat system (DR‑5) began operating at the end of July 2004 
to treat increasing hexavalent chromium concentrations in the wells southwest of the 
original pump‑and‑treat system. The system was modified in FY 2005 to increase the 
rate of remediation and enlarge the capture zone. From August 2005 to present, the 
extraction wells have been 199‑D5‑20, 199‑D5‑32, 199‑D5‑39, and 199‑D5‑92. The 
extracted water is treated in the 100‑D Area at the DR‑5 Treatment Facility, using 
an ion exchange system with onsite ion regeneration. The treated water is injected 
into well 199‑D5‑42.

As of September 30, 2008, the 100‑D Area Pump‑and‑Treat Systems had removed 
over 527 kg of hexavalent chromium from groundwater. Table 2.5‑1 lists the mass 
of chromium removed by each system. The total hexavalent chromium in the north 
plume has been estimated at 590 kg (DOE/RL-94-957, Hanford Sitewide Groundwater 
Remediation Strategy). That estimate did not include the chromium plume in the 
southern 100-D Area nor in the vadose zone.

Table 2.5‑1. Mass of Chromium Removed by 100‑D Area Pump‑and‑Treat 
Systems.

Original Pump‑and Treat 
System

DR‑5 Pump‑and‑Treat 
System

Pilot‑Scale 
Pump‑and‑Treat 

System
Total

FY 2008 Since 1997 FY 2008 Since 2004 1992 to 1994 FY 2008 Since 1992
Mass of chromium 

removed (kg) 22.9 286.6 50.6 210.7 30 73.5 527.3

In FY  2008, chromium concentrations remained elevated in 100‑D Area 
groundwater, although concentrations have declined since 2003 in compliance 
wells1  199‑D8‑69 and 199‑D8‑70 (Figure 2.5‑9). Chromium concentrations vary 
inversely with river stage and have remained above the 22 µg/L remedial action 
goal, with the exception of readings during summer months when river stage is high. 
Chromium in the vadose zone appears to be a continuing source of contamination 
on the inland portion of the plume.

DOE/RL‑2008‑05 presents results of operational monitoring and additional details 
about the pump‑and‑treat systems. Results for calendar year 2008 will be included 
in an upcoming report on the 100 Area Pump‑and‑Treat Systems.

1	 Certain monitoring wells are designated as “compliance wells” in the interim action record of 
decision. Chromium concentrations in samples from these wells are compared to the remediation 
goal (22 µg/L for the 100-D Area Pump-and-Treat Systems, and 20 µg/L for the redox system) to 
determine if the remedial action is effective.

During FY 2008, 
two pump‑and‑treat 

systems in the 
100‑D Area removed 
73.5 kg of hexavalent 

chromium from 
the aquifer. 
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2.5.2.3  In Situ Redox Manipulation System
This treatment system uses a change in redox potential to reduce dissolved 

hexavalent chromium in groundwater to trivalent chromium, a much less soluble 
and less toxic form. Objectives of the redox interim action are the same as for the 
100‑D Area Pump‑and‑Treat Systems, except that the remedial action goal for 
chromium at the redox site is 20 µg/L. Remedial action monitoring is described in 
DOE/RL‑99‑51, Remedial Design Report and Remedial Action Work Plan for the 
100‑HR‑3 Groundwater Operable Unit In Situ Redox Manipulation. Seven wells were 
sampled less frequently than planned in FY 2009 (Appendix A). Some monthly and 
quarterly samples were not collected because of conflicts in scheduling field staff. 

The redox treatment zone is ~680 m long, aligned parallel to the Columbia River, 
and ~100 to 200 m inland. The treatment zone is designed to reduce the concentration 
of hexavalent chromium in groundwater to no more than 20 µg/L at seven compliance 
wells situated between the treatment zone and Columbia River. The system has 
lowered chromium concentrations in the aquifer near the Columbia River, as shown 
in the chromium plume maps of Figures 2.5‑4 and 2.5‑5. In FY 2008, the 20 µg/L 
goal continued to be met2 at two of the seven compliance wells: 199‑D4‑85 and 
199‑D4‑86 (Figure 2.5‑13). Levels in wells 199‑D4‑23, 199‑D4‑83, and 199‑D4‑84 
are fairly stable in the tens of micrograms per liter. Chromium concentrations in 
compliance wells 199‑D4‑38 and 199‑D4‑39 continued to be variable in the hundreds 
of micrograms per liter. 

In FY  2008, chromium concentrations continued to be elevated and variable 
in some of the redox barrier wells. Figure 2.5‑17 shows the FY 2008 ranges of 
chromium concentration in the nine barrier performance‑monitoring wells. Most of 
the elevated concentrations are in the northeastern half of the barrier. Concentrations 
in August 2008 were near the bottom of the year’s range. The DOE is investigating 
methods to mitigate the chromium breakthrough using the remedial process 
optimization strategy (Sections 2.5.2.5 and 2.5.2.9).

Dissolved oxygen is monitored in samples from barrier wells, downgradient 
wells, and aquifer tubes. The lowest concentration in a well downgradient of the 
barrier was 0.82 mg/L in well 199-D4-84. Concentrations in this well have remained 
less than 4  mg/L since 2005. Most of the aquifer tubes have dissolved oxygen 
concentrations above 5 mg/L. The lowest concentration in FY 2008 was 3.6 mg/L 
in Redox-2-6.0.

Results of water-level monitoring within the 182‑D Reservoir showed no 
discernible leaks in FY 2008. Reservoir leaks were identified as an issue in the 
CERCLA five-year review (Section 2.5.2.1).

DOE/RL‑2008‑10, In Situ Redox Manipulation (ISRM) Annual Report for Fiscal 
Year 2007, provides results of operational monitoring. Results for FY 2008 will be 
presented in an upcoming report.

2.5.2.4  Chromium Investigation in the Horn
D.C. Weekes

The DOE continued a field study to characterize the extent, concentration, and 
movement of hexavalent chromium in groundwater underlying the horn of the 
Hanford Site, between the 100‑D and 100‑H Areas. SGW‑33224, Sampling and 

2	 The FY 2008 average of filtered, total chromium, and hexavalent chromium.

The redox system has 
reduced chromium 
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the aquifer near the 
Columbia River.
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the Hanford Site. 
Data from new 

wells confirm that 
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extends from the 
100‑D Area to the 

100‑H Area.
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Analysis Instructions for Investigating Chromium Groundwater Contamination in the 
600 Area Between 100‑D and 100‑H, provides the sampling and analysis instructions 
for the study.

In early FY 2008, the DOE installed fifteen wells and eighteen aquifer tubes in the horn 
area. A summary report (SGW‑36749, Borehole Summary Report for the Installation of 
Wells in the 600 Area Between 100‑D and 100‑H for the 100‑HR‑3 Groundwater Operable 
Unit, Fiscal Year 2007 and 2008) of the wells installed in FY 2007 and FY 2008 was 
issued in April 2008.

Hexavalent chromium analyses from the new wells indicate continuous contamination 
across the horn between the 100‑D and 100‑H Areas at levels above the 22 µg/L remedial 
action goal but below the drinking water standard (Section 2.5.1.1 and Figure 2.5‑4). 
Water samples collected from the semiconfined aquifer within the Ringold upper mud 
unit generally showed hexavalent chromium concentrations below the remedial action 
goal (Section 2.6.1.1). 

Results of the investigation will be published in FY 2009.

2.5.2.5  Zero‑Valent Iron Injection
S. W. Petersen

As part of the DOE’s EM‑22 program, nanometer‑size iron particles are being tested 
for the ability to be injected into the redox wells and react with groundwater to reduce 
chromium from the hexavalent to the trivalent form. Zero‑valent iron has been used 
to remediate groundwater contaminated with a wide range of chlorinated compounds 
(Wilkin et al., 2005, “Chromium-removal Processes during Groundwater Remediation by 
a Zerovalent Iron Permeable Reactive Barrier”) because it is a strong chemical reductant. 
For the redox barrier, zero‑valent iron is particularly advantageous because it is a much 
stronger reductant than the naturally‑occurring ferrous iron (valence of +2).

In August 2008, zero‑valent iron was injected into redox barrier well 199‑D4‑26. 
The purpose was to test the feasibility of augmenting iron in a portion of the barrier that 
had been losing its reductive capacity. Approximately 340,000 L of 1% zero‑valent iron 
solution was injected into the full thickness of the aquifer, permeating it more than 
3 m laterally from the injection well. Initial results showed that the treatment reduced 
hexavalent chromium to trivalent in the aquifer. Samples from the wells surrounding and 
downgradient from well 199‑D4‑26 are being collected monthly, and will be analyzed 
for field parameters, hexavalent chromium, metals, and anions. Results of the test will 
be published in FY 2009.

2.5.2.6  Electrocoagulation Tests
S. W. Petersen

As part of the DOE’s EM‑22 program, electrocoagulation testing was conducted 
as an alternative to ion exchange for treating chromium‑contaminated groundwater. 
Electrocoagulation is a water treatment process that has been used to remove a variety 
of suspended solids and dissolved contaminants from water by applying an electric field 
to steel plates. The electric field liberates iron and causes the contaminants to precipitate, 
forming a solid that can be removed and disposed. The test extracted water from 
wells 199‑D5‑13 and 199‑D5‑41, and injected it into wells 199‑D5‑106 or 199‑D5‑33 
after treatment. 

The DOE continued 
studying chromium 
contamination and 
remediation in the 

100‑HR‑3 Operable 
Unit. Some of the 

special studies 
included injecting 
zero‑valent iron, 
delineating the 

source area, and 
testing in situ 

biostimulation.
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The performance objective for the treatability study was to determine the 
effectiveness of hexavalent chromium removal from the groundwater, with a 
performance goal of no more than 20 µg/L in the effluent. Influent and effluent total 
chromium and hexavalent chromium data were collected frequently during the test. 
The system effectively treated water in one pass through the system, but it often had 
to be operated in recycle mode to achieve the performance goal. The treatability study 
data suggest that the electrocoagulation technology has the potential to meet the 
performance goal for groundwater treatment at the Hanford Site. However, system 
operation during the test was problematic and required constant surveillance. 

2.5.2.7  Chromium Source Area Investigation
S. W. Petersen

Chromium concentrations in both 100‑D Area plumes have not declined 
significantly, indicating that chromate is still present in the vadose zone. Chromium 
concentrations are above 1,500 µg/L in both plumes and have been above 12,000 µg/L 
in some areas. These high concentrations confirm that the source was not reactor 
cooling water, but a considerably more concentrated solution.

Two projects funded by the DOE’s EM‑22 program are helping delineate the 
source area of each plume. The southern plume investigation was completed in 
FY 2008, after installing new wells and monitoring groundwater for several months. 
The DOE plans to begin investigation of the northern plume in FY 2009.

The principal objective of the southern plume investigation has been to locate 
the source of hexavalent chromium in the southwestern contaminant plume of the 
100‑D Area. Drilling has been ineffective in locating a vadose zone source. While 
evidence of leaks or spills has been discovered within a few meters of ground surface, 
and many of these sites have been remediated, a deep vadose zone source for the 
groundwater plume has not been identified. 

During the chromium source investigation, no significant hexavalent chromium 
was found in the 147 vadose zone samples analyzed, but high concentrations were 
found in the groundwater. A groundwater sample from well 199‑D4‑99 yielded a 
hexavalent chromium concentration of 39,900 µg/L, the highest value detected in 
Hanford Site groundwater. This well was drilled near the sodium dichromate transfer 
facility, where highly concentrated sodium dichromate was pumped from rail cars 
into an underground transfer line for distribution to water treatment facilities. 

An automated water‑level monitoring system measured groundwater levels 
in selected wells every hour. These data were evaluated in conjunction with the 
chromium data to evaluate the movement of groundwater in the area. During 
one year, the groundwater flow direction varied by ~360° as indicated by particle 
tracking. The net movement was ~12 m/yr to the west‑northwest. This is consistent 
with chromium concentrations in the groundwater samples, which show that the 
peak‑measured concentration has moved, and has been found in wells 199‑D5‑99, 
199‑D5‑104, and 199‑D5‑122. 

The field data collected for this study do not reveal if a significant or active 
contaminant reservoir remains in the vadose zone, nor do the data reveal the surface or 
near‑surface location of an original leak or spill of sodium dichromate. Concentration 
data suggest that wells 199‑D5‑99, 199‑D5‑104, 199 D5‑122, and 199‑D5‑119 
represent the margins of the high concentration zone. Current information indicates 

Drilling has not 
identified a deep 

vadose zone source 
of chromium in the 

southern 100‑D Area.
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that these four wells define the location where hexavalent chromium entered or continues 
to enter the aquifer.

2.5.2.8  Chromium Vadose Zone Characterization and 
Geochemistry

In FY 2007 and FY 2008, a study of chromium geochemistry was conducted as 
part of the DOE’s EM‑22 program. The following information is summarized from 
PNNL‑17674, Geochemical Characterization of Chromate Contamination in the 
100 Area Vadose Zone at the Hanford Site. 

The primary objectives of the study were as follows.
Determine the leaching characteristics of hexavalent chromium from contaminated •	
sediments collected from 100 Area spill sites.
Identify mineral or chemical factors that may be responsible for chromium •	
retention in sediments.
From these data, construct a conceptual model of hexavalent chromium •	
geochemistry in the 100 Area vadose zone. 

A series of column experiments were conducted with contaminated and 
uncontaminated sediments from the 100‑B/C and 100‑D Areas. The study made the 
following conclusions.

Most of the hexavalent chromium traveled quickly through the sediments and •	
appeared as hexavalent chromium in the effluents. 
The hexavalent chromium concentration remained above the drinking water •	
standard (100 µg/L) for many pore volumes. The significance of this for 
groundwater concentrations would depend on the amount of recharge to the 
water table.
Adsorption of hexavalent chromium to sediments was low. Very little retardation •	
occurred. 
With a strong reductant such as calcium polysulfide solutions, hexavalent •	
chromium reduced only partially to trivalent. However, a significant amount of 
the hexavalent chromium was mobilized ahead of the polysulfide solution. The 
experiments suggest that a remedial measure using infiltration of liquid reductant 
in the vadose zone would be difficult to design without increasing transport of 
hexavalent chromium toward the water table.
The microscopic characterization results were consistent with the column •	
studies. Hexavalent chromium coated sediment grain surfaces. Small, higher 
concentration chromium sites were associated with certain types of mineral 
inclusions. Hexavalent chromium was reduced to trivalent chromium in 
association with iron oxides.
Results indicated that at least four leaching behaviors are present in the tested •	
contaminated sediments.

The first type contained over 95% of the hexavalent chromium. It was ºº
in a highly mobile form that was easily removed from the contaminated 
sediments in the first pore volumes of leaching experiments.
The second type represents hexavalent chromium material held in ºº
physical and mineralogical sites that provide a longer‑term source.

Over 95% of 
the hexavalent 

chromium in the 
vadose zone is highly 

mobile. 
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The third type consists of reduced trivalent chromium, most likely by ºº
redox reactions with iron‑bearing soil minerals. This type does not 
contribute to the transport of chromium through sediments.
The fourth type consists of hexavalent chromium (in the form of ºº
barium chromate) that most likely precipitated out of the oversaturated 
soil solution. Under the tested conditions, this type does not contribute 
to the overall transport of hexavalent chromium.

2.5.2.9  In Situ Biostimulation Test
M. J. Truex, V. R. Vermeul, and J. S. Fruchter

An EM‑22 study of in situ biostimulation is being conducted in the 100‑D Area. 
Biostimulation involves adding nutrients to groundwater to stimulate existing bacteria 
capable of reducing contaminants. In situ biostimulation is intended to provide 
supplemental treatment upgradient of the redox barrier by reducing the concentration 
of nitrate, dissolved oxygen, and chromium. The intent is to increase the longevity 
of the redox barrier and help diminish the chromium plume. 

The treatability study is examining two commercially available approaches, one 
using a soluble substrate (molasses) and the other using an immiscible substrate 
(emulsified vegetable oil). The results summarized here describe the first year of a 
planned two‑year treatability test.

A solution of water, molasses, ammonium chloride, and potassium bromide were 
injected into well 199‑D5‑107. (The test wells are not shown on Figure 2.5‑1, but are 
located just downgradient of well 199‑D5‑40.) Total injection volume was 594,000 L. 
Adjacent monitoring wells were sampled during and after injection. 

The following is a brief, interim summary of the field test results with respect to 
the field test objectives. These results will be updated to evaluate the longevity of 
the treatment zone.

Determine the effective radius of injection. An injection radius of about 15 m •	
from the injection well for a labile substrate is obtainable. However, rapid 
biomass buildup near the injection well would need to be addressed for longer 
duration substrate injection.
Evaluate the uniformity of substrate distribution. Uniformity of substrate •	
injection was dependent on aquifer heterogeneities. However, the field test 
injection was able to distribute substrate to all of the monitoring locations, 
though at different concentrations. Microbial activity and maintenance of 
reducing conditions have been observed at all monitoring locations for at 
least one year. 
Induce fermentation reactions and reducing conditions and grow biomass. •	
Process monitoring data showed that fermentation reactions and associated 
reducing conditions occurred at all of the monitoring locations and persisted 
for up to 10 months. 
Quantify the ability to obtain and maintain low chromium, oxygen, and •	
nitrate/nitrite concentrations and determine longevity of treatment. Chromium 
concentrations have been maintained below 40 µg/L during the first year 
of monitoring. Low oxygen, nitrate, and nitrite concentrations have been 
maintained.

In recent 
biostimulation test, a 
solution of molasses 
was injected into the 
aquifer to stimulate 
bacterial growth and 

reduce hexavalent 
chromium.
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Groundwater monitoring in the 100‑HR‑3‑D groundwater interest area includes the 
following monitoring activities.

CERCLA and AEA Monitoring (Appendix A)
Ten wells are scheduled for quarterly to semiannual sampling for the pump‑and‑treat •	
systems. The wells were sampled as planned.
Thirty‑one wells are scheduled for monthly or quarterly sampling for the redox system. •	
Seven wells were sampled less frequently than planned in FY 2008.
Forty‑one wells are scheduled for monthly to biennial sampling throughout the •	
100‑D Area. Eleven wells were sampled less frequently than planned in FY 2008.
Thirty‑two wells are scheduled for quarterly to biennial sampling in the horn area •	
between 100‑D and 100‑H Areas. The wells were sampled as planned.
The DOE installed four new wells in FY 2008 to investigate chromium sources in the •	
southern 100‑D Area.
The DOE installed 15 new wells and 18 new aquifer tubes to monitor contaminants in •	
the horn.

In summary, treatability test results to date have demonstrated that the soluble 
substrate process is an effective means for developing an in situ treatment barrier in 
the 100‑D Area. Reduced conditions and treatment of nitrate and chromium have been 
maintained over a one‑year period with indications that these conditions will continue. 
Additional monitoring of the treatability test will be conducted to quantify the longevity 
of treatment.
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Figure 2.5‑1. Facilities and Groundwater Monitoring Wells in the 100‑D Area.
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Figure 2.5‑2. Facilities and Groundwater Monitoring Wells near the Redox Site, 100‑D Area.
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Figure 2.5‑3. 100‑D Area Water‑Table Map, March 2008.
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Figure 2.5‑4. Average Chromium Concentrations in the 100‑D and 100‑H Areas, Upper Part of Unconfined Aquifer.
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Figure 2.5‑5. Hexavalent Chromium Concentrations near Redox Site, 100‑D Area, August 2008, Upper Part of Unconfined Aquifer.
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Figure 2.5‑6. Cross‑Section of Chromium Concentrations and Screen Elevations in Wells and 
Aquifer Tubes in the 100‑D Area.
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Figure 2.5‑7. Hexavalent Chromium Concentrations at Selected Aquifer Tube Sites in 100‑D Area.
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Figure 2.5‑8. Chromium Concentrations in Wells near the D Reactor.
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Figure 2.5‑9. Hexavalent Chromium Concentrations in Compliance Wells for the 
100‑HR‑3 Pump‑and‑Treat System at 100‑D Area.

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

Jan-05 Jan-06 Jan-07 Jan-08 Jan-09
Collection Date

H
ex

av
al

en
t C

hr
om

iu
m

, u
g/

L

199-D5-20
199-D5-32
199-D5-92
DWS
Remedial Action Goal

gwf08151

Replicate data averaged
Open symbols used for 
non-detect values

Figure 2.5‑10. Hexavalent Chromium Concentrations in Central 100‑D Area Extraction Wells.
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Figure 2.5‑11. Hexavalent Chromium Concentrations in Well 199‑D5‑41, Central 100‑D Area.
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Figure 2.5‑12. Hexavalent Chromium Concentrations in South‑Central 100‑D Area.
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Figure 2.5‑13. Hexavalent Chromium Concentrations in Compliance Wells Downgradient 
of the Redox Barrier.
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Figure 2.5‑14. Hexavalent Chromium Concentrations in Aquifer Tubes Downgradient 
of the Redox Barrier.
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Figure 2.5‑15. Tritium Concentrations in Southern 100‑D Area.
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Figure 2.5‑16. Average Nitrate Concentrations in the 100‑D Area, Upper Part of Unconfined Aquifer.
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Figure 2.5‑17. Chromium Concentrations in Redox Barrier Performance Wells.
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