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16.0 100‑HR‑3 Operable Unit
J. L. Smoot and M. J. Tonkin

This chapter describes groundwater flow and chemistry of the 100‑HR‑3 Groundwater 
Operable Unit (OU), which includes the groundwater beneath the 100‑D Area, 
100‑H Area, and the region between known as the “Horn” area.  Figures 16‑1, 16‑2, 
and 16‑3 show the facilities, wells, and shoreline monitoring sites in the 100‑D, 
100‑H, and Horn areas, respectively.

The groundwater in the 100‑D and 100‑H Areas is monitored 
to meet the requirements of the Comprehensive Environmental 
Response, Compensation, and Liability Act of 1980 (CERCLA); 
the Atomic Energy Act of 1954; and the Resource Conservation 
and Recovery Act of 1976 (RCRA) at the 116‑H‑6 (183‑H) 
solar evaporation basins (a RCRA unit).  No RCRA sites 
are located in the 100‑D Area, and no active waste disposal 
facilities are located in either the 100‑D or 100‑H Areas.  
Section 16.1 summarizes the conceptual model for groundwater 
flow, and Section 16.2 describes the contaminant plumes and 
concentrations.  Section 16.3 summarizes the activities at the OU, 
which include interim action groundwater remediation, chromium 
characterization, and testing technologies for chromium 
remediation and treatment.  Section 16.4 discusses RCRA 
groundwater monitoring for the 183‑H solar evaporation basins.  
Conclusions and recommendations are provided in Section 16.5.

Three CERCLA interim action remedies are currently 
operating in the 100‑HR‑3 OU.  These include the original 
100‑HR‑3 pump‑and‑treat system in the 100‑H Area (which treats 
groundwater from both the 100‑D and 100‑H Areas), the DR‑5 
pump‑and‑treat system in the 100‑D Area, and the In Situ Redox 
Manipulation (ISRM) barrier also in the 100‑D Area.

Information in this chapter covers the period from October 1, 2008, through 
December 31, 2009.  As a result of this change, the following date conventions are 
used throughout this report:
• Fiscal year (FY) 2009:  Refers to the fiscal year named (i.e., October 1, 2008, to 

September 30, 2009).
• Calendar year (CY) 2009:  Refers to the calendar year named (i.e., January 1, 

2009, to December 31, 2009).
• Reporting period:  Refers to the entire 15‑month reporting period covered in this 

report (i.e., October 1, 2008, to December 31, 2009).

16.1 Conceptual Model
This section provides a brief summary of the site conceptual model for the 

100‑HR‑3 OU.  For additional details, see the Integrated 100 Area Remedial 
Investigation/Feasibility Study Work Plan, Addendum 1:  100‑DR‑1, 100‑DR‑2, 
100‑HR‑1, 100‑HR‑2, and 100‑HR‑3 Operable Units (DOE/RL‑2008‑46‑ADD1).

The 100‑D and 100‑H Areas are geographically connected by the intervening 
Horn area.  On the northern border of the Horn area, the Columbia River turns from 
a northeastern path and flows to the southeast.
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Generally, groundwater enters the 100‑HR‑3 OU from the south, with most 
of the flow moving toward the low elevation in the vicinity of the 100‑H Area.  A 
much smaller portion of the regional flow moves directly toward the 100‑D Area.  
Figure 16‑4 presents a groundwater contour map of the area, which was developed 
using data from March 2009.  Within the 100‑D Area, groundwater flow is generally 
toward the Columbia River.  Inland from the Columbia River and in eastern portions 
of the 100‑D Area, flow direction changes to a northeasterly direction.  Northeast of 
the 100‑D Area, groundwater flow becomes easterly across the Horn area and toward 
the 100‑H Area.  Groundwater from the 100‑D Area discharges to the Columbia 
River, as does the groundwater within and northeast of the 100‑H Area. 

Groundwater flow in the 100‑D and 100‑H Areas is also influenced by the stages 
of the Columbia River.  The river water elevation changes regularly in seasonal and 
shorter cycles (e.g., daily river stage change) due to a combination of natural and 
anthropogenic influences.  During the latter portion of the year when river stage is 
relatively low (e.g., fall), natural groundwater flow is toward the river; when river 
stage is high (e.g., spring), groundwater can flow away from the river.  High river 
stages can be more than 3 meters higher than low river stages.  The river stage also 
can fluctuate several feet over short periods (i.e., hours to days) based on operations 
at the upstream Priest Rapids Dam.  Changing river stage can influence groundwater 
elevations over 1 kilometer inland from the river in the 100‑HR‑3 OU.  In addition, 
because the hydraulic head is lower downgradient at the 100‑H Area, regional flow 
from the south tends to flow toward the 100‑H Area.

A significant factor affecting flow is the regional variability of the unconfined 
aquifer properties, including variations in hydraulic conductivity and aquifer 
thickness.  Figure 16‑5 shows a cross‑section of the 100‑D and 100‑H Areas.  At 
the 100‑D Area, the unconfined aquifer is in Unit 5 of the Ringold Formation; to the 
east of the 100‑D Area, the aquifer is in the higher permeability Hanford formation.  
The different hydrologic properties of these units influence regional flow directions.  
West of the interface in the 100‑D Area Ringold Unit 5, flow in the Ringold Unit 5 
tends to deviate from the northeastward direction and curve around in a northward 
or northwestward direction.  In the 100‑H Area, where the unconfined aquifer lies 
in the Hanford formation, flow is generally eastward toward the Columbia River.

In the 100‑HR‑3 OU, the groundwater system comprises several hydrostratigraphic 
units.  From shallowest to deepest, the units include the following:
• Vadose (unsaturated) zone; predominantly Hanford formation gravels; 2 to 

30 meters thick beneath the 100‑D and 100‑H Areas
• Unconfined aquifer; predominantly Ringold Unit 5 gravels in the 100‑D Area, 

predominantly Hanford formation across the Horn area and 100‑H Area
• Uppermost aquitard; Ringold upper mud unit (clay and silt)
• Confined and semiconfined aquifers in the Ringold Formation (Units 6, 7, and 9), 

separated by fine‑grained deposits (overbank and paleosol)
• Confined aquitards and aquifers in basalt beneath the Ringold Formation.

Other local influences on groundwater flow are leakage from the 182‑D reservoir 
and the groundwater extraction and injection from the pump‑and‑treat systems.  The 
zone of uncontaminated groundwater near the 182‑D facility suggests a long‑term 
contaminant dilution and diversion of contaminated groundwater from the mounding 
caused by the reservoir leaks.  In response to the reservoir leakage information, 

Groundwater flow is 
influenced by the stage 
of the Columbia River.



100-HR-3 Operable Unit        16.0-3

DOE/RL-2010-11, Rev. 1
 

Chapter 16.0
Vol. 2 - River Corridor

a specific issue (Action 10‑1) was included in The Second CERCLA Five‑Year Review 
Report for the Hanford Site (DOE/RL‑2006‑20) (see discussion in Section 16.3.1) for 
the U.S. Department of Energy (DOE) to provide direction to its operating contractor 
to conduct changes to the operation of the reservoir to minimize leakage.  Those 
actions were completed and documented in the closeout of the 5‑year review issue.  
These leaks and their impact on groundwater flow have significantly diminished 
since the reduction of storage volume in the reservoir in 2004, to the point that 
influences on groundwater flow from reservoir leakage are indistinguishable from 
those created by nearby pump‑and‑treat activities (PNNL‑SA‑50369, Project Work 
Plan Hanford 100‑D Area Treatability Demonstration:  Accelerated Bioremediation 
Through Polylactate Injection).

The primary sources of contamination in the 100‑HR‑3 OU were the support 
systems for the three water‑cooled nuclear reactors (D, DR, and H Reactors) and 
the structures and processes associated with reactor operations.  These operations 
generated large quantities of liquid and solid waste contaminated with radionuclides, 
hazardous chemicals, or both.  Waste released to the environment created secondary 
sources of contamination beneath ponds, ditches, cribs, burial grounds, and unplanned 
release sites where contaminants could be retained in the subsurface (vadose zone) 
and released to the aquifer over long periods of time.

Remediation and characterization of the waste sites in 100‑D and 100‑H Areas 
began in 1996 under the authority provided by the interim action Records of Decision 
and RCRA closure and monitoring plans and continues to the present.  Remediation 
consists mainly of removal, segregation, storage, transportation, and disposal of soil, 
debris, and waste material and then backfilling remediated waste sites.  Waste site 
remediation is ongoing in the 100‑HR‑3 OU.  A portion of the waste sites in the 100‑D 
and 100‑H Areas have been remediated and dispositioned, which includes trenches, 
pits, and burial grounds.  Additional waste sites are being remediated by current interim 
actions.  The remediation status is described in detail in the DOE/RL‑2009‑46‑ADD1.  
A number of key waste sites have been targeted for additional characterization to better 
define the nature and extent of contaminants and potential remaining sources.  Sites 
planned for investigation include the following:  100‑D‑12 french drain associated 
with the sodium dichromate/acid railcar and truck unload station (where highly 
concentrated sodium dichromate solutions may have been drained during rail car 
unloading operations), 116‑D‑1A Trench, 116‑D‑1B Trench, 116‑D‑7 retention basin, 
116‑DR‑1&2 Trench, 116‑DR‑9 retention basin, 116‑H‑1 Trench, 116‑H‑4 pluto 
crib, 183‑H solar evaporation basins, 116‑H‑7 retention basin, 116‑D‑6:3 reactor 
fuel storage basin, and 116‑H‑6:3 reactor fuel storage basin.

Hydrologic processes and anthropogenic activities have influenced contaminant 
distribution in the subsurface.  The effects of natural processes on contaminant 
migration are ongoing, while the effects of anthropogenic activities have diminished 
over time with cessation of reactor operations.  However, some residual effects 
have not completely dissipated and continue to influence contaminant migration.  
The contaminants of greatest significance in the groundwater in the 100‑D and 
100‑H Areas are hexavalent chromium, strontium‑90, technetium‑99, tritium, 
uranium, and nitrate. 
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16.2 Groundwater Contaminants
Hexavalent chromium is the principal contaminant of concern in 

groundwater in the 100‑D and 100‑H Areas.  The co‑contaminants are 
strontium‑90, technetium‑99, tritium, uranium, and nitrate.  Wells in the 
100‑D and 100‑H Areas are sampled for chromium, co‑contaminants, and 
additional auxiliary constituents.  This section describes the distribution 
and trends of these groundwater contaminants beneath the 100‑D and 
100‑H Areas. 

16.2.1 Chromium
Chromium contamination, in the form of hexavalent chromium, underlies much 

of the 100‑D Area as two distinct plumes.  The northern plume likely originates from 
cribs and trenches in the central 100‑D Area, while the southern plume originates 
near the former sodium dichromate transfer station.  Figures 16‑6 and 16‑7 show 
the location of hexavalent chromium in 100‑HR‑3 OU groundwater during the 
spring and fall of 2009.  The remedial action goals for hexavalent chromium for the 
100‑HR‑3 OU groundwater interim actions is 20 µg/L for the pump‑and‑treat systems 
and the ISRM barrier system, as determined by the following:
• EPA/ROD/R10‑99/039, Interim Action Record of Decision for the 100‑BC‑1, 

100‑BC‑2, 100‑DR‑1, 100‑DR‑2, 100‑FR‑1, 100‑FR‑2, 100‑HR‑1, 100‑HR‑2, 
100‑KR‑1, 100‑KR‑2, 100‑IU‑2, 100‑IU‑6, and 200‑CW‑3 Operable Units, 
Hanford Site, Benton County, Washington

• EPA/AMD/R10‑00/122, Interim Remedial Action Record of Decision Amendment 
for the 100‑HR‑3 Operable Unit, Hanford Site, Benton County, Washington

• Explanation of Significant Differences for the 100‑HR‑3 and 100‑KR‑4 Operable 
Units Interim Action Record of Decision:  Hanford Site Benton County, 
Washington (EPA et al. 2009).

This section discusses the results of five quarterly sampling events:  the final 
quarter sampling event of CY 2008 and the four quarterly sampling events in CY 2009.  
Details of chromium contamination during the reporting period are discussed in the 
following subsections, which are divided by geographic area.

16.2.1.1 Horn Area Plume
The Horn area is located in the northern portion of the Hanford Site, south of 

the Columbia River, and encompasses the area of the 100‑HR‑3 OU between the 
100‑D and 100‑H Areas.  Groundwater generally flows toward the northeast across 
the entire Horn area.

Hexavalent chromium is widespread in the 100‑HR‑3 OU, but levels above 
20 μg/L outside the Horn area have been diminishing in recent years in response to 
treatment and attenuation.  Chromium in the Horn area was not well characterized 
prior to FY 2007; however, the Horn area was studied extensively in FY 2007 and 
FY 2008 to characterize chromium groundwater contamination and possible deep 
chromium contamination.  The study involved installing 21 groundwater monitoring 
wells and 18 aquifer tubes (Figure 16‑3).

The Horn area plume is believed to have originated in the 100‑D Area and 
subsequently moved across the Horn area.  Recent sampling results for the new 
wells and other nearby wells show continuous hexavalent chromium in the Horn area 
between the 100‑D and 100‑H Areas.  High concentrations of hexavalent chromium 
are restricted to the area immediately adjacent to the 100‑D Area, and the majority 

Hexavalent chromium 
is the principal 
contaminant of 
concern in the 
100‑D Area.

Plume Areas (square kilometers) in 
the 100‑HR‑3 Operable Unit:
 Chromium, 100 µg/L — 0.716
 Chromium, 20 µg/L — 6.97
 Nitrate, 45 mg/L — 0.85
 Tritium, 20,000 pCi/L — 0.023
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of the plume forms a broad saddle across the Horn area, with a wide central area of 
concentrations up to 90 μg/L.  Injection wells in the 100‑H Area create a hydrologic 
barrier on the northeastern side of the plume that prevents the plume from extending 
eastward into the north part of 100‑H Area as illustrated in Figure 16‑6.  In 2009, the 
plume appeared largely unchanged from FY 2008.  The central core of the Horn area 
plume had chromium concentrations between 50 and 90 μg/L in wells 699‑98‑46, 
699‑97‑45, 699‑97‑43B, and 699‑95‑45 during the reporting period.  The outer Horn 
area includes wells 699‑97‑51A, 699‑95‑51, 699‑95‑48, and 699‑94‑43 which reported 
concentrations between 20 and 50 µg/L.  Chromium concentrations in these wells 
were largely unchanged between the FY 2008 and the FY 2009 reporting periods.

The investigation in 2007 and 2008 of the Horn area (DOE/RL‑2008‑42, 
Hydrogeological Summary Report for the 600 Area Between 100‑D and 100‑H for the 
100‑HR‑3 Groundwater Operable Unit) also examined the Ringold upper mud unit.  
The DOE installed three wells in the Horn area to monitor the Ringold upper mud unit:  
699‑97‑43C, 699‑97‑45B, and 699‑97‑48C.  Wells 699‑97‑43C and 699‑97‑45B were 
sampled during 2009 with no detections of hexavalent chromium.  Well 699‑97‑48C 
reported a high of 29 µg/L hexavalent chromium in November 2009; however, this 
is relatively unchanged from the previous reporting period.

16.2.1.2 Southern 100‑D Area Plume
The southern plume of the 100‑D Area lies south and southwest of the 

182‑D reservoir and west of the 183‑DR filter plant (Figure 16‑8).  The source of this 
plume underlies an area near the 100‑D‑12 waste site, where concentrated sodium 
dichromate solutions were delivered by railcar and unloaded for mixing into the 
cooling water system.  The 100‑D‑12 french drain was presumably used to drain 
and rinse transfer hoses, with the effluent discharged directly into the vadose zone.  
The high chromium concentrations in the southern plume may be the result of these 
actions.  Other waste sites that may have contributed to this plume include 100‑D‑30, 
100‑D‑56, 100‑D‑77, 100‑D‑100, and 100‑D‑104.  The core of the groundwater plume 
contains hexavalent chromium concentrations of nearly 60,000 µg/L.

Among the wells in the southern chromium plume, the highest levels of 
hexavalent chromium in unfiltered/filtered groundwater were found in wells 
199‑D5‑99 and 199‑D5‑122, with concentrations as high as 49,300 and 59,600 µg/L, 
respectively.  These wells are located in or near the center of the chromium hot spot, 
and concentrations in well 199‑D5‑122 increased throughout the reporting period 
(Figure 16‑8).

The ISRM barrier (Figure 16‑9) intersects the southern chromium plume and 
has largely cut off the highest concentration portion of the plume and prevented it 
from extending to the Columbia River.  Figure 16‑10(a through d) shows hexavalent 
chromium concentrations in the ISRM barrier for each quarter of FY 2009.  These 
histograms show that hexavalent chromium concentrations are lowest in the third 
quarter.  In the first and second quarter (samples taken in November and February), 
fewer barrier wells were below the remedial action objective of 20 µg/L primarily 
because groundwater flow is predominately toward the river and the hydraulic gradient 
was the highest.  This leaves less time for groundwater to react with reduced sediments 
in the ISRM barrier.  Conversely, when the river is high and groundwater gradients 
are reversed (i.e., groundwater flow is inland from the river), water has a longer 
residence time in the barrier, so more hexavalent chromium is reduced to trivalent 
chromium.  The northeastern half of the barrier continues to have the greatest number 
of wells with concentrations greater than 20 µg/L.  Overall, the barrier performance 
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in FY 2009 was slightly less effective than observed in FY 2008.  During FY 2009, 
58% of the barrier monitoring wells consistently contained less than 20 µg/L of 
hexavalent chromium compared to 64% for FY 2008.

In 100‑D Area aquifer tubes, concentrations of hexavalent chromium in 2009 were 
at the lower end of the historical range (Figure 16‑11).  Chromium concentrations 
downgradient of the ISRM barrier have decreased since the late 1990s downgradient 
of the ISRM barrier but remained above the cleanup standard in 2009.  Figure 16‑12 
shows the fall 2009 chromium concentrations with depth in a cross‑section through 
downgradient aquifer tubes and near‑river wells in the 100‑D Area.  Concentrations 
of chromium in 2009 were the highest and most variable in shallow aquifer tube 
Redox‑1, with a maximum of 384 µg/L.  Appendix D provides additional information 
on 100‑D Area aquifer tube sampling.

Chromium concentrations in the central 100‑D Area (e.g., wells 199‑D5‑33, 
199‑D5‑36, and 199‑D5‑44) remain very low, with values at near or less‑than‑detectable 
levels.  These wells monitor the zone between the southern and northern chromium 
plumes.  The low concentrations were likely enhanced 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; however, chromium concentrations have not rebounded.

16.2.1.3 Northern 100‑D Area Plume
The 100 µg/L contour of the northern plume extends north and west from cribs 

and trenches near the former D Reactor.  The northern plume is located in the vicinity 
of the D Reactor building and extends north to the Columbia River.  Operationally, 
the northern plume is located underneath the downstream end of the sodium 
dichromate distribution system with generally less concentrated solutions.  A number 
of waste sites in the vicinity of the northern plume are under investigation for the 
remedial investigation/feasibility study (DOE/RL‑2008‑46‑ADD1), including the 
116‑D‑1A and 116‑D‑1B Trenches, 116‑D‑7 retention basin, 116‑DR‑1&2 Trench, 
116‑DR‑9 retention basin, and 118‑D‑6 fuel storage basin.  In addition, several wells 
will be drilled to investigate vadose contamination and the chromium plume.  At 
lower concentrations, the plume extends eastward to the 100‑H Area.

Between October 2008 and December 2009, the DOE installed two additional 
wells to investigate chromium in the northern 100‑D Area plume:  199‑D5‑123 and 
199‑D5‑126 (see Section 16.3.5).  These wells also provide supplemental information 
to the existing well network.

Among the wells in the northern chromium plume, the highest levels of hexavalent 
chromium in the groundwater were found in wells 199‑D5‑125 and 199‑D5‑126, with 
concentrations as high as 2,350 µg/L and 1,970 µg/L, respectively (Figure 16‑8).  
These wells were added in the first quarter of FY 2009 and are located right in the 
center of the chromium plume.  Hexavalent chromium concentrations in these wells 
remained steady during the reporting period.

Well 199‑D5‑15 monitors groundwater near the source of the northern plume 
(Figure 16‑8).  Concentrations were low from 1999 through 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 in this well subsequently declined to ~1,000 µg/L 
in FY 2008 and remained between ~700 and 1,100 µg/L during the reporting 
period.  Hexavalent chromium concentrations in wells 199‑D5‑14 and 199‑D5‑16 
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(downgradient of well 199‑D5‑15) increased in FY 2008 but have been steadily 
decreasing during the reporting period. 

In 2008, a small area of chromium exceeded 50 μg/L across the eastern boundary of 
the 100‑D Area.  The zone appeared to have a north‑south axis, with wells 199‑D8‑69 
and 199‑D8‑70 located in the portion of the zone with chromium concentrations 
between 50 and 100 μg/L in 2008.  The compliance wells continued to show variable 
chromium concentrations, with the lowest chromium concentrations in the early 
summer when the river stage was high (Figure 16‑8).  Most concentrations in these 
compliance wells exceeded the 20 µg/L remedial action goal but were less than the 
100 µg/L drinking water standard (DWS) during 2009, which is unchanged from 
the previous reporting period.  The seasonal concentration peaks (fall and winter of 
each year) have declined since 2000.

Well 199‑D8‑54B in the northern 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 cleanup standard and one result above the DWS. 

Chromium concentrations have decreased in extraction wells on the southwestern 
side of the northern plume since groundwater extraction began in July 2004, and this 
trend continued during the reporting period (Figure 16‑8).  Average concentrations 
in the three extraction wells were 164 μg/L in well 199‑D5‑20, 51 μg/L in well 
199‑D5‑32, and 84 μg/L in well 199‑D5‑92.  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 and the current reporting period (Figure 16‑8).  Section 16.3.2 
includes additional information on the effects of the pump‑and‑treat systems.

Chromium concentrations in aquifer tubes downgradient of the northern plume 
have declined since the late 1990s (Figure 16‑11).  Four of the five aquifer tube 
clusters used to monitor the northern plume had at least one result exceeding the 
10 µg/L aquatic standard during the reporting period; however, the only aquifer tube 
sites with 2009 concentrations above 20 µg/L were sites 36 and DD‑17.  The highest 
chromium concentration was 93 µg/L in aquifer tube 36‑D, which is an increase 
from the 60 µg/L detected in FY 2008.  Figures 16‑12 and 16‑13 show the fall 2009 
chromium concentrations with depth in a cross‑section through downgradient aquifer 
tubes and near‑river wells in the 100‑D Area.

16.2.1.4 100‑H Area Plume
The principal sources of groundwater contamination in the 100‑H Area are  

former liquid waste disposal sites (i.e., trenches, cribs, and basins).  Many of these 
sites have been remediated and the shallow, contaminated sediments have been 
removed.  Pump‑and‑treat operations in the 100‑H Area have reduced chromium 
concentrations in groundwater from near the reactor building toward the Columbia 
River and to the south.  However, a number of sites are being investigated for the 
remedial investigation/feasibility study (DOE/RL‑2008‑46‑ADD1), including the 
116‑H‑1 Trench, 116‑H‑4 pluto crib, 183‑H solar evaporation basins, 116‑H‑7 retention 
basin, and the 118‑H‑6 reactor fuel storage basin.  Additional surface remediation 
near the 183‑H solar evaporation basins is scheduled under the interim actions.  
Groundwater flow has also carried contaminants originating in the 100‑D Area across 
the Horn area to the 100‑H Area.  Groundwater in the 100‑H Area predominantly 
contains less than 20 µg/L chromium.

The portion of the chromium plume in the 100‑H Area, where concentrations 
exceed the remedial action goal of 20 μg/L, has diminished substantially in recent years 
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(Figure 16‑14).  Concentrations of dissolved chromium in the shallow monitoring 
wells have been below the 100 μg/L DWS since 2001.  Only well 199‑H4‑18, located 
near the 183‑H solar evaporation basins, had a peak value of 215 μg/L total chromium 
in an unfiltered sample in October 2009.  Well 199‑H4‑12C also showed total 
chromium concentration above the 100 µg/L but was the result of a series of aquifer 
tests, which are described below.

Wells 199‑H3‑3, 199‑H3‑4, and 199‑H3‑5 are former injection wells located in 
the southern 100‑H Area where chromium concentrations have increased in recent 
years (Figure 16‑14).  Chromium in well 199‑H3‑5 reached a maximum concentration 
of 82 µg/L in August 2009, an increase over the FY 2008 maximum concentration 
of 72 μg/L.  Similarly, values in wells 199‑H3‑3 and 199‑H3‑4 increased to 46 µ/L 
and 52 µg/L, respectively, in October 2009.  Injection of treated water into the wells 
ceased in 2005, and the chromium present in this area appears to be encroaching 
from the Horn area since injection ceased.

Well 199‑H4‑3 has been used as an extraction well for the pump‑and‑treat 
system since August 2005.  Prior to FY 2008, the highest 100‑H Area chromium 
concentrations were in well 199‑H4‑3, which is downgradient of the 183‑H solar 
evaporation basins.  In 2009, chromium concentrations in this well ranged from 
less than 2 to 18.5 µg/L (Figure 16‑14).  This represents a decrease from FY 2008 
values that varied between 10 and 35 μg/L.  Chromium peaks during the summers 
of 2006, 2007, and 2008 followed periods of elevated river stage, but the trend was 
not evident in the information collected during the reporting period.

Chromium concentrations in the other five extraction wells are also plotted in 
Figure 16‑14.  Most of the results for the reporting period were below the 20 μg/L 
remedial action goal.  Values greater than 20 µg/L were restricted to wells 199‑H4‑15A 
and 199‑H4‑64, with one detection in well 199‑H4‑12A.

Several wells upgradient of the 100‑H Area continued to have chromium 
concentrations near the DWS.  The highest hexavalent chromium concentration for 
the reporting period was 91.5 μg/L (unfiltered) in well 699‑97‑43B in November 2008.  
This well also had the maximum concentration in FY 2008.  Concentrations in well 
699‑97‑43B remained constant throughout the reporting period.  Contamination 
likely originated in the 100‑D Area when a water table mound was present 
(WHC‑SD‑EN‑TI‑023, Hydrogeologic Information Summary for the Northern 
Hanford Site).  This plume is the subject of an ongoing investigation in the Horn area.  
An upcoming report will include a hydrogeological summary of the area.

Figures 16‑15 and 16‑16 show the fall 2009 chromium concentrations with depth 
in a cross‑section through aquifer tubes and near‑river wells from the east side of the 
Horn area and through the 100‑H Area.  Chromium concentrations in aquifer tubes 
in the main 100‑H Area were below 20 μg/L.  Concentrations greater than 20 μg/L 
were observed along the Horn area, reflecting the plume as it intercepts the Columbia 
River.  The highest concentration upstream of 100‑H Area was 54 μg/L in aquifer 
tube C5676.  Only one aquifer tube, 51‑D (downstream of the 100‑H Area), had a 
concentration greater than 20 μg/L.  Appendix D provides additional information 
on 100‑H Area aquifer tube sampling.

Three wells monitoring a water‑bearing layer within the Ringold upper mud unit 
continued to show elevated chromium concentrations (Figure 16‑14).  These wells 
(199‑H3‑2C, 199‑H4‑12C, and 199‑H4‑15CS) were used for a series of aquifer tests 
in CY 2009 to gather data on the presence of deep chromium in the Ringold upper 
mud unit.  Preliminary observations from the tests are summarized in Section 16.3.6.

Chromium 
concentrations in 
100‑H Area have 
declined due to 

remediation and 
natural processes.
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• Well 199‑H3‑2C is located on the western side of the 100‑H Area, upgradient 
of the 100‑H Area waste sites.  Chromium concentrations in this well increased 
over the last several years, to ~50 μg/L in FY 2007 and FY 2008.  The well 
was sampled 21 times during the aquifer test (between September 16, 2009, 
and October 23, 2009).  Most of the unfiltered sample values were between 
10 and 35 µg/L.  The two highest values (94 and 112 µg/L) were observed in 
two sampling events.  Adjacent well 199‑H3‑2A, completed at the water table, 
had much lower hexavalent chromium concentrations (less than 12 μg/L for 
fourteen determinations).

• Well 199‑H4‑12C is located near the Columbia River, downgradient of the 
183‑H solar evaporation basins and adjacent to extraction well 199‑H4‑12A.  
Well 199‑H4‑12C showed declining chromium concentrations during FY 2008, 
decreasing to ~80 µg/L.  During 2009, hexavalent chromium concentrations 
were between 80 and 100 µg/L until early November 2009, when concentrations 
increased to a maximum of 121 µg/L as a result of the aquifer tests.

• Piezometer 199‑H4‑15CS is adjacent to an extraction well.  Chromium 
concentrations in this piezometer were steady at levels near the DWS until 
November 2009, when the concentration increased to 115 µg/L in an unfiltered 
sample as a result of aquifer testing (Section 16.3.6).  The three deeper 
piezometers (199‑H4‑15CR, 199‑H4‑15CQ, and 199‑H4‑15CP), constructed in 
the lower Ringold upper mud unit and basalt, showed lower chromium levels.  
The maximum hexavalent chromium concentration observed in the deepest 
piezometers 199‑H4‑15CP (screened in the basalt) during 2009 was 8.7 µg/L in 
an unfiltered sample.  Concentrations of other contaminants that would indicate 
the influence of the 183‑H solar evaporation basins (e.g., nitrate, technetium‑99, 
and uranium) are all low in the deeper wells.  The deep chromium contamination 
is being investigated in response to a 5‑year review action item (Section 16.3.6).

16.2.2 Strontium‑90
16.2.2.1 100‑D Area

The highest concentration of strontium‑90 detected in the 100‑D Area during 
the reporting period was in well 199‑D5‑20, which has historically been low 
and, therefore, had not been sampled for strontium‑90 since August 1997.  The 
strontium‑90 concentration for this well was 6.4 pCi/L in May 2009, which is below 
the DWS of 8 pCi/L.

The areas near the former retention basins in the north and near the D Reactor 
in the central 100‑D Area have a history of strontium‑90 detected in groundwater.  
Well 199‑D8‑68, near the former retention basins, has had concentrations ranging 
from 2 to 14 pCi/L since 1998.  Concentrations were 4.7 pCi/L in November 2008 
and 5 pCi/L in June 2009.  Wells near the former D Reactor were not sampled for 
strontium‑90 in CY 2009.  Previous detections in well 199‑D5‑15 were ~2 pCi/L.  
Strontium‑90 was detected in only aquifer tube DD‑17‑3 in the 100‑D Area in 2009.  
The highest concentration was 3.5 pCi/L, but a duplicate result was a non‑detect.

16.2.2.2 100‑H Area
The distribution of strontium‑90 in the 100‑H Area has not significantly changed in 

recent years, and concentrations continued to exceed the 8 pCi/L DWS in several wells.  
The highest concentration detected was 110 pCi/L in well 199‑H4‑13.  However, this 
result, along with multiple samples collected on the same day (October 27, 2009), are 

Strontium‑90 
concentrations were 

below the DWS in the 
100‑D Area.
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uncommonly high and are under review.  The outcome of this review will determine 
the distribution and concentration of strontium‑90 across the 100‑H Area. 

In 2009, eight aquifer tubes were sampled for strontium‑90 in the 100‑H Area.  
Positive detections were found in only one aquifer tube (tube 47‑D at 9.8 pCi/L).  
These results are consistent with the historical distribution of this contaminant in 
groundwater.

16.2.3 Technetium‑99 and Uranium
16.2.3.1 100‑D Area

Only two positive detections for technetium‑99 were found in samples analyzed 
in 2009 for the 100‑D Area (in wells 199‑D4‑99 and 199‑D4‑95).  However, the two 
detections were near the minimum detectable activity level and were “B” flagged.

During the reporting period, 102 uranium analyses were performed in the 
100‑D Area wells.  All of these analyses were for unfiltered samples, and all of 
the results were above detection limits.  The highest result was 4.29 µg/L in well 
199‑D4‑14 in November 2009.  A duplicate sample was collected at the same time 
and with a uranium concentration of 3.63 µg/L.  The values for well 199‑D4‑14 
are higher than in November 2008, but both values are less than the Hanford Site 
background for uranium of 14.4 µg/L or the DWS of 30 µg/L.

16.2.3.2 100‑H Area
In the 100‑H Area, both technetium‑99 and uranium were detected in groundwater 

downgradient of the former 183‑H solar evaporation basins.  Concentrations of the 
constituents were less than the DWSs of 900 pCi/L and 30 μg/L, respectively.

During 2009, the highest technetium‑99 values were again detected from 
well 199‑H4‑3, with 35 pCi/L in November 2009 and 55 pCi/L in December 2009.  
This is somewhat higher than the results from the previous reporting period.  
Technetium‑99 was positively detected in at least one sample from sixteen other 
wells in the 100‑H Area, but the results were all less than 24 pCi/L. 

During 2009, uranium was positively detected in all samples analyzed from the 
100‑H Area.  All of the uranium results were for unfiltered samples.  The highest 
result was 14.4 µg/L in well 199‑H4‑3 in December 2009.  This is an increase from 
FY 2008 results but remains less than the DWS.

In 2009, three aquifer tubes (AT‑H‑1‑D, AT‑H‑2‑D, and AT‑H‑3‑D) were sampled 
for technetium‑99 and uranium in the 100‑H Area.  Technetium‑99 was not positively 
detected in any sample.  Uranium was detected at low levels in all three aquifer tubes, 
with the maximum of 1.67 µg/L in aquifer tube AT‑H‑3‑D.

16.2.4 Tritium
16.2.4.1 100‑D Area

Tritium concentrations remained below the 20,000 pCi/L DWS in most wells 
in the 100‑D Area.  Two wells, 199‑D4‑78 and 199‑D4‑85, exceeded the DWS.  
Well 199‑D4‑78 exceeded in November 2008 and 2009 (25,000 pCi/L for both sample 
events).  Well 199‑D4‑85 had one sample slightly above the DWS, at 21,000 pCi/L, 
during the reporting period.  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 199‑D3‑2 in the late 1990s, but concentrations in this well remained steady 
and below the DWS for the reporting period.  Tritium concentrations are elevated in 
aquifer tubes in the southern portion of the 100‑D Area shoreline.  The highest tritium 
concentration in 2009 was 19,000 pCi/L in aquifer tube DD‑44‑4, downgradient 

Technetium‑99 
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from well 199‑D4‑85.  In general, tritium concentrations are declining.  The source 
of this contaminant also is believed to be from the 100‑N Area.

16.2.4.2 100‑H Area
Tritium concentrations do not exceed concentrations of 5,000 pCi/L in most of 

the 100‑H Area wells.  The highest concentration for the previous five quarters was 
11,000 pCi/L in well 199‑H3‑3 (in the southern 100‑H Area).  Wells in the Horn area, 
upgradient of the 100‑H Area, have tritium concentrations greater than 2,000 pCi/L, 
with a maximum of 4,900 pCi/L in well 699‑95‑45.  All of these concentrations are 
less than the DWS.

16.2.5 Nitrate and Nitrite
16.2.5.1 100‑D Area

Figure 16‑17 shows the distribution of nitrate in 100‑D Area groundwater.  The 
plume has two lobes with nitrate concentrations continuing to exceed the DWS 
(45 mg/L) in both lobes.  During CY 2009, a maximum concentration of 95 mg/L 
was detected in well 199‑D2‑6 in the southern 100‑D Area.  The southern portion of 
the nitrate plume is intercepted by the ISRM barrier, which chemically reduces the 
nitrate.  Nitrate concentrations in 100‑D Area aquifer tubes were all below the DWS.

Nitrite was detected in some of the wells monitoring the ISRM barrier in late 2008.  
Only one analytical result exceeded the 3.3 mg/L DWS (3.8 mg/L in well 199‑D4‑62) 
at that time.

16.2.5.2 100‑H Area
Nitrate concentrations exceeded the 45 mg/L DWS in only one monitoring well 

in the 100‑H Area.  The highest concentration was 47.8 mg/L (well 199‑H4‑46 in 
the southern 100‑H Area) in a September 2009 sample.  This is an increase from 
the previous sampling event in November 2008 when a concentration of 37.3 mg/L 
was measured.  Aquifer tubes in the southern portion of the 100‑H Area and farther 
downstream have had nitrate levels near or above the 45 mg/L DWS in recent years.  
The highest value in 2009 was 46 mg/L in aquifer tube 51‑D.  The aquifer tubes in 
this region are likely affected by a nitrate plume observed in groundwater monitoring 
wells in the southeastern 100‑H Area.

16.2.6 Sulfate
Sulfate concentrations remained greater than 100 mg/L beneath much of the 

southern 100‑D Area.  Excluding those wells influenced by the ISRM barrier, 
concentrations were below the secondary DWS (250 mg/L) in CY 2009, with a 
maximum concentration of 205 mg/L in well 199‑D5‑102.  Previous injections of 
sodium dithionite solution at the barrier increased sulfate concentrations to levels 
above the DWS in the ISRM barrier and in some downgradient wells and aquifer 
tubes.  Overall, the concentrations are declining.

Sulfate concentrations in 100‑D Area aquifer tubes are generally low, except 
downgradient of the ISRM barrier.  As a result, the latter tubes are affected by residual 
chemicals injected into the aquifer and have elevated sulfate concentrations.  The 
highest concentration in 2009 was 584 mg/L in aquifer tube DD‑42‑4, which is the 
highest sulfate concentration ever detected in an aquifer tube.  Aquifer tube DD‑43‑3 
also had results above the 250 mg/L secondary DWS in 2009.

Tritium concentrations 
were below the DWS in 

the 100‑H Area.
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16.2.7 Gross Beta
16.2.7.1 100‑D Area

Samples from several wells in the ISRM barrier are analyzed for gross beta, 
and a few wells continued to have concentrations exceeding the 50 pCi/L DWS 
during the reporting period.  Well 199‑D4‑19 had the highest value (140 pCi/L) 
in November 2009.  Concentrations have been declining in this well since 2003.  
Analysis of a previous sample from a nearby well showed that the gross beta is due 
to naturally present potassium‑40 in the injected solution (PNNL‑13116, Hanford 
Site Groundwater Monitoring for Fiscal Year 1999).

16.2.7.2 100‑H Area
The strontium‑90 contamination causes gross‑beta concentrations to exceed 

the 50 pCi/L DWS in the 100‑H Area.  The highest gross‑beta concentration was 
in November 2008 of 74 pCi/L in well 199‑H4‑13 but has since declined, with a 
concentration of 58 pCi/L in October 2009.

16.3 CERCLA Groundwater Activities
This section summarizes the CERCLA activities in the 100‑D and 100‑H Areas, 

including groundwater remedial actions.  The DOE began work on several 
Environmental Management Technology proposals in the 100‑D Area (discussed 
in Sections 16.3.7 and 16.3.8).  The DOE also began characterizing the chromium 
plume between the 100‑D and 100‑H Areas.

16.3.1   CERCLA Decision Documents
An interim remedial action Record of Decision 

for the 100‑HR‑3 groundwater OU was issued in 
April 1996 (EPA/ROD/R10‑96/134, Declaration 
of the Record of Decision for the 100‑HR‑3 
and 100‑KR‑4 Operable Units, Benton County, 
Richland, Washington) pursuant to the Hanford 
Site’s 1989 listing on the National Priorities List 
for CERCLA.  The goal of the resulting interim 
remedial action is to prevent discharge of hexavalent 
chromium to the Columbia River.

The interim action goal was changed from 
22 µg/L to 20 µg/L in August 2009 by the explanation 
of significant differences for the 100‑HR‑3 and 
100‑KR‑4 OUs (EPA et al. 2009).  The explanation 

of significant differences sets a 20 µg/L threshold at onshore, near‑river monitoring 
locations to achieve the ambient water quality criterion of 10 µg/L.  As indicated in 
the Record of Decision, a dilution factor of 1:1 is expected before the groundwater 
would reach the aquatic receptor point of concern within the river substrate, ensuring 
that the ambient water quality criterion of 10 μg/L in the river substrate will be met.

In 2009, a draft remedial investigation/feasibility study work plan addendum for 
the 100‑D and 100‑H Area (DOE/RL‑2008‑46‑ADD1) and the sampling and analysis 
plan (DOE/RL‑2009‑40, Sampling and Analysis Plan for the 100‑DR‑1, 100‑DR‑2, 
100‑HR‑1, 100‑HR‑2, and 100‑HR‑3 Operable Units Remedial Investigation/
Feasibility Study) were in the final stages of preparation and were being reviewed by 
the Washington State Department of Ecology (Ecology).  The documents identify the 

The remedial action objectives for the 100‑HR‑3 OU 
are as follows (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. 
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data to be collected to support selection of final remedies under CERCLA using an 
approach that integrates data needs for waste sites and groundwater.  The draft work 
plan addendum and a sampling and analysis plan for the 100‑D and 100‑H Areas were 
revised in response to Ecology’s comments and will be implemented in 2010.  A total 
of ten boreholes, fifteen groundwater wells, five test pits, and six aquifer tubes are 
proposed for installation in 2010 under the work plan.  In addition, 53 groundwater 
wells will be sampled for three sampling rounds.  The results of the first round are 
included in this reporting period.  The data and results will be reported in a remedial 
investigation/feasibility study report, which will lead to the selection of alternatives 
for final cleanup action.

The second CERCLA 5‑year review (DOE/RL‑2006‑20) was published in 
November 2006.  The review identified six actions pertaining to the 100‑D Area and 
one action pertaining to the 100‑H 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 on this action (Section 16.3.5).
• Action 9‑1.  Perform additional characterization of the aquifer in the Horn area 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 on this action.  Figures 16‑6 and 16‑7 illustrate chromium 
distribution across the Horn area.

• Action 9‑2.  Incorporate the Horn area into the 100‑HR‑3 OU interim Record 
of Decision (EPA/ROD/R10‑99/039) if Action 9‑1 indicates that the Horn area 
contains a plume requiring immediate remediation (September 2009).

 The DOE is currently evaluating remedial process optimization of the 
pump‑and‑treat system.  The DOE installed additional extraction and injection 
wells throughout the Horn area in FY 2009 as part of remedial process 
optimization (Section 16.3.2.1).

• Action 10‑1.  Direct the operating contractor to further minimize leaks from the 
182‑D reservoir.

 This action was previously completed.
• Action 11‑1.  Initiate limited iron amendments to evaluate whether this enhances 

ISRM barrier performance (September 2007).
 Section 16.3.7 provides a summary of the results for this action.
• Action 11‑2.  Expand groundwater pump‑and‑treat extraction within the 

100‑D Area by 378.5 liters per minute 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.  The 
DOE is currently evaluating remedial process optimization of the pump‑and‑treat 
system and alternative remedial technologies (e.g., bioremediation) for the vadose 
zone.  The DOE installed additional extraction and injection wells in FY 2009 
as part of remedial process optimization (Section 16.3.2.1).

• Action 12‑1.  Perform additional characterization of the 100‑H Area aquifer 
below the initial aquitard (September 2009).
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 The DOE installed three wells in the Horn area screened in the Ringold upper 
mud unit and continued to monitor three wells in the 100‑H Area.

 Section 16.3.6 presents the summary of the aquifer tests performed in CY 2009 
to gather data to provide additional information on the deep chromium 
contamination in the 100‑H Area.  Future work will be incorporated into the 
systematic planning process for the 100‑HR‑3 OU.

 Five wells (three in the 100‑H Area and two in the 100‑D Area) will be installed 
as part of the remedial investigation/feasibility study work plan which will be 
drilled through the Ringold upper mud unit.

16.3.2 100‑HR‑3 Pump‑and‑Treat System
During the reporting period, two pump‑and‑treat systems operated for remediation 

of chromium contamination, one each in the 100‑D and 100‑H Areas.  The 
100‑HR‑3 pump‑and‑treat system was the initial system and extracted water from 
both the 100‑D and 100‑H Areas.  The DR‑5 system supplements the 100‑HR‑3 
pump‑and‑treat system and improves chromium control in the 100‑D Area.  The 
100‑HR‑3 pump‑and‑treat system and its performance during the reporting period 
are discussed in this section.  The DR‑5 pump‑and‑treat system and its performance 
during the reporting period are discussed in Section 16.3.3.

The 100‑HR‑3 pump‑and‑treat system was specified as an interim action for the 
100‑HR‑3 OU to protect the Columbia River and groundwater (EPA/ROD/R10‑96/134, 
Declaration of the Record of Decision for the 100‑HR‑3 and 100‑KR‑4 Operable 
Units).  The system initially consisted of two extraction wells in the 100‑D Area 
and six extraction wells in the 100‑H Area, but the extraction system has been 
reconfigured several times.  Water from both the 100‑D and 100‑H Areas has been 
treated and injected in the 100‑H Area.  Some of the upgrades currently in progress 
for the treatment system will add water treatment capabilities within the 100‑D Area.

16.3.2.1 Changes in 2009
The DOE began to expand and optimize the 100‑HR‑3 treatment system 

during the reporting period.  Remedial process optimization is being conducted 
for the 100‑HR‑3 OU to provide additional treatment capacity and enhanced 
remediation.  A new facility will expand the treatment capacity in the 100‑D Area 
and the southwest area of the Horn area to 2,271 liters per minute (referred to as 
the DX facility), while a new facility will expand the treatment capacity in the 
100‑H Area and the northeast area of the Horn to 2,650 liters per minute (referred 
to as the HX facility) and will be optimized to improve remedial efficiency.  The 
new pump‑and‑treat facilities will expand the capture zone and increase the rate 
of remediation of 100‑HR‑3 OU groundwater.  Structural steel was erected for the 
DX groundwater treatment facility during the reporting period, and other process 
facilities were under construction.  Work was progressing ahead of schedule at the 
end of the reporting period.  As an outcome of the remedial process optimization 
seventy new extraction and injection wells will be drilled in the area.

Water from the 100‑D Area portion of the 100‑HR‑3 system continued to be piped 
to the 100‑H Area for treatment.  As an outcome of the remedial process optimization, 
the DOE will begin to consolidate extraction, treatment, and injection within the 
two areas to reduce water movement across the Horn area (DOE/RL‑2009‑09, 
Sampling and Analysis Plan for Installation of 100‑HR‑3 Groundwater Operable 
Unit Remedial Process Optimization Wells).

The DOE will expand 
and optimize the 
pump‑and‑treat 
systems in the 

100‑HR‑3 OU to 
enhance treatment 
of the hexavalent 
chromium plume 
in the 100‑D and 

100‑H Areas.
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16.3.2.2 Treatment System Performance
The 100‑HR‑3 pump‑and‑treat system extracted ~177.3 million liters of 

groundwater from the 100‑D and 100‑H Areas during CY 2009.  Figure 16‑18(a) 
shows the influent and effluent concentrations for the treatment systems and (b) 
shows removal efficiency for the treatment system.  Figure 16‑19 shows the system 
availability for the reporting period.  The system removed ~15.9 kilograms of 
hexavalent chromium during CY 2009, bringing the total removal to 361.9 kilograms 
since 1997, in addition to the 30 kilograms removed by a pilot‑scale system in the 
early 1990s.

Figure 16‑20 summarizes the pumping rates for the 100‑H Area groundwater 
pump‑and‑treat system and clearly indicates three distinct periods of system shutdown.  
These periods lasted 3 to 6 weeks and occurred in early to late May, late August to 
mid‑September, and early November to December.  These shutdowns were due to 
scheduled and unscheduled maintenance, freezing weather, and the aquifer testing 
conducted in the 100‑H Area.  All the extracted water from the D8 wells is piped 
to the 100‑HR‑3 treatment facility and is reinjected in the 100‑H Area.  Excluding 
times when the entire system was shut down, the data suggest two general periods of 
operation.  During Period 1 (January to mid‑July), wells 199‑H4‑12A, 199‑H4‑64, 
199‑H4‑15A, 199‑H4‑4, and 199‑H4‑63 were operational, although rates varied 
and most wells experienced intermittent shutdowns lasting 1 to 8 weeks.  During 
Period 2 (mid‑July to early November), wells 199‑H4‑12A and 199‑H4‑64 operated 
at slightly increased rates, and wells 199‑H4‑15A, 199‑H4‑4, and 199‑H4‑63 were 
usually not operational.

16.3.2.3 Capture Zone Analysis
The two methods used to estimate the extent of hydraulic capture developed 

by pump‑and‑treat remedies during CY 2009 included water‑level mapping and 
groundwater modeling.  These methods are described in detail in Section 14.3.6 and 
results are presented in the following discussion.

Figure 16‑21 shows water‑level contours for the 100‑H Area prepared using 
the water‑level mapping method.  Multiple maps analogous to that presented in 
Figure 16‑21, constructed using weekly averaged water levels obtained throughout 
CY 2009 with transducers and the corresponding pumping rates, were used to develop 
an estimate of the extent of capture developed by the 100‑H Area pump‑and‑treat 
system.  These maps were used to estimate the extents of hydraulic capture for 
the 100‑H Area system for periods in which all wells were active.  The estimates 
of hydraulic capture for the 100‑H Area systems obtained using the mapping 
technique are supplemented by estimates of capture calculated using the 100 Areas 
groundwater model. 

Figure 16‑22(a) depicts the extent of hydraulic capture developed by the 
100‑H Area pump‑and‑treat system using a capture efficiency map calculated using 
the groundwater model.  Figure 16‑22(a) represents the combination of twelve 
instantaneous capture zone estimates calculated using the groundwater model, 
simulating monthly averaged river stages and pumping rates.  Figure 16‑22(b) depicts 
the extent of hydraulic capture developed by the 100‑H Area system using a capture 
frequency map calculated using the mapping approach.  Figure 16‑22(b) represents 
the combination of 25 water‑level and capture maps, generated using weekly averaged 
water levels and pumping rates obtained for periods when all of the wells were 
operating.  Figure 16‑23(a and b) depicts the same estimated extents of hydraulic 

The 100‑HR‑3 
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capture developed by the 100‑H system as shown in Figure 16‑22(a and b), overlaid 
with contours that illustrate the extent of hexavalent chromium in groundwater during 
the spring of 2009. 

Figure 16‑22(a and b) suggests that the approximate extents of capture calculated 
using the mapping method and the groundwater model for the 100‑H Area system 
are similar in appearance, although there are some areas that differ.  The overlays 
of these capture efficiency and capture frequency maps with the contoured extents 
of hexavalent chromium (Figure 16‑23[a and b]) identify areas where capture is 
satisfactory and where capture is unsatisfactory.  Noting that the capture efficiency 
map calculated using the model (Figure 16‑22[a] and Figure 16‑23[a]) depicts 
capture throughout CY 2009, while the capture frequency maps calculated using the 
mapping method represent only those periods when all of the wells were operating 
(Figure 16‑22[b] and Figure 16‑23[b]), the following is evident:
• The capture efficiency map and capture frequency map provide for a reasonably 

consistent interpretation of the extent of capture developed by the 100‑H Area 
pump‑and‑treat system, throughout the contoured extent of hexavalent chromium, 
when all of the wells are operating.

• Both methods consistently suggest that the capture is incomplete in the 
following areas:
– Upgradient of the current 100‑H Area extraction wells
– Downgradient of wells 199‑H‑64, 199‑H4‑12A, 199‑H4‑4, although the 

concentrations generally exhibit concentrations below the DWS of 100 µg/L, 
typically between 20 and 50 µg/L.

16.3.2.4 Compliance Monitoring
The monitoring requirements for the 100‑HR‑3 pump‑and‑treat system are specified 

in the Interim Action Monitoring Plan for the 100‑HR‑3 and 100‑KR‑4 Operable 
Units (DOE/RL‑96‑90).  Long‑term monitoring requirements in the 100‑H Area are 
derived from the Hanford Federal Facility Agreement and Consent Order (Tri‑Party 
Agreement) (Ecology et al. 1989) Change Control Form 107.  The sampling 
frequencies and constituents are listed in Appendix A.  Appendix A, Table A‑8 lists 
the deviations from required sampling.  Tables 16‑1 and 16‑2 compare the baseline 
concentrations to the 2009 concentrations for chromium and other co‑contaminants 
in the 100‑HR‑3 pump‑and‑treat system.  The results from operational monitoring 
and additional details about the pump‑and‑treat system for CY 2008 are provided 
in Calendar Year 2008 Annual Summary Report for the 100‑HR‑3, 100‑KR‑4, and 
100‑NR‑2 Pump‑and‑Treat Operations (DOE/RL‑2009‑15).

Performance wells 199‑D8‑54B and 199‑D8‑71 are specified compliance points 
for the 100‑HR‑3 pump‑and‑treat system in the 100‑D Area, and both wells are 
specified for semiannual sampling.  Well 199‑D8‑54B was sampled twice during the 
reporting period.  All results had either “U” or “B” data qualifiers, indicating that 
the results are less than the detection limits or the concentrations are estimates that 
are less than the contract‑required detection limit, respectively.  The highest result 
for hexavalent chromium was 4 µg/L(B).  Well 199‑D8‑71 was sampled three times 
during the reporting period, and the results showed the expected variation based on 
river stages.  Relatively high values were found in two November sampling events 
(157 µg/L in November 2008 and 136 µg/L in November 2009).  Lower values were 
detected in May 2009 at concentrations of up to 117 µg/L.



100-HR-3 Operable Unit        16.0-17

DOE/RL-2010-11, Rev. 1
 

Chapter 16.0
Vol. 2 - River Corridor

In the 100‑H Area, fifteen performance wells are specified for sampling of the 
100‑HR‑3 system.  These wells are also scheduled for semiannual sampling.  A total of 
205 samples from these wells were analyzed for hexavalent or total chromium during 
the reporting period.  Fifteen of the analyses had detections equal to or greater than 
100 µg/L.  All of the exceedances were in either well 199‑H4‑12C or 199‑H4‑15C.  
These wells are located northeast of the 183‑H solar evaporation basins near the 
Columbia River and are screened in the Ringold upper mud unit.

In the 100‑H Area, one compliance well (199‑H4‑5) is specified for the 100‑HR‑3 
system.  This well was specified for monthly sampling, and 51 samples from the well 
were analyzed for hexavalent or total chromium during the reporting period.  Only 
one sample collected in September 2009 exceeded the 20 µg/L remedial action goal 
for total chromium (Figure 16‑14).

Four additional wells in the 100‑H Area are designated as dual‑purpose wells.  
Well 199‑H4‑3 is designated as an extraction/performance well, and wells 199‑H4‑4, 
199‑H4‑63, and 199‑H4‑64 are designated as extraction/compliance wells.  These 
wells were sampled 54 times during the reporting period, with none of the results 
exceeding 100 µg/L.  Most of the 2009 values were below the remedial action goal 
of 20 µg/L (Figure 16‑14), with the exception of well 199‑H4‑64, which measured 
a maximum concentration of 61 µg/L in March 2009.

16.3.3 DR‑5 Pump‑and‑Treat System
A second pump‑and‑treat system (DR‑5) began operating at the end of July 2004 

to treat increasing hexavalent chromium concentrations in the 100‑D Area wells 
southwest of the original pump‑and‑treat system.  The system was modified in 
FY 2005 to increase the rate of remediation and widen the capture zone.  From 
August 2005 through December 2009, the extraction wells in use have included 
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 a metal anion‑exchange 
system with onsite regeneration and the treated groundwater is then injected into 
well 199‑D5‑42.

16.3.3.1 Changes in 2009
The U.S. Environmental Protection Agency, Ecology, and DOE agreed on the 

DR‑5 pump‑and‑treat waste acceptance criteria early in the reporting period.  The 
agreement required (1) cessation of regenerate stream discharge that was routed 
to the ISRM pond, and (2) interim stabilization of ISRM pond sediments through 
evaporation of residual water from the pond and application of a fixative to sediments.

A resin test at DR‑5 was completed on August 31, 2009.  The third series of resin 
tests at DR‑5 used ResinTech1 SIR‑700 and showed continued chromium removal 
from March 10, 2009 (more than 40,000 bed volumes) through August 20, 2009.  
The SIR‑700 resin was therefore recommended for operations in the new DX 
treatment system.

Construction of well realignment at DR‑5 to support hot spot pumping and the 
connection of a new injection well began in September 2009.  Conversions of two 
existing monitoring wells are planned; well 199‑D5‑41 will become an injection well, 
and well 199‑D5‑104 will become an extraction well (replacing well 199‑D5‑39).

1 ResinTech® is a registered trademark of ResinTech, Inc., West Berlin, New Jersey.
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16.3.3.2 Treatment System Performance
The DR‑5 pump‑and‑treat system removed 44.2 kilograms of hexavalent chromium 

in CY 2009 (a total of 251.3 kilograms since 2004).  This involved pumping and 
treating ~48.6 million liters of water.  In the two panels of Figure 16‑24(a) depicts the 
influent and effluent concentrations, and Figure 16‑24(b) shows the removal efficiency 
for the treatment system.  Figure 16‑25 depicts system availability for the reporting 
period.  System downtime includes scheduled downtime for maintenance and other 
operations and also unscheduled downtime.  The concentrations of chromium in 
extraction wells showed mixed results.  Well 199‑D5‑20 had a gradual decrease 
in chromium over time, with ~180 µg/L in October 2008 to less than 150 µg/L 
at the end of the reporting period.  Well 199‑D5‑32 showed a gradual decrease in 
chromium with superimposed seasonal variation.  Concentrations decreased, with 
initial values of 70 to 75 µg/L to final values of 20 to 30 µg/L.  However, well 
199‑D5‑39 had increased chromium concentrations throughout the reporting period, 
with initial concentrations between 1,500 and 2,000 µg/L and final concentrations 
between 2,000 and 2,500 µg/L.  Well 199‑D5‑92 showed a gradual decrease in 
chromium concentrations, from ~90 µg/L to less than 70 µg/L.

Figures 16‑26 and 16‑27 summarize the pumping rates in the two 100‑D Area 
groundwater pump‑and‑treat systems (“D5” wells from the DR‑5 system and the 
“D8” wells from the 100‑HR‑3 system), respectively, and indicate two distinct periods 
of operation.  During Period 1 (January to mid‑September), all D5 wells operated 
at relatively constant rates.  During Period 2 (mid‑September to December), wells 
199‑D5‑39 and 199‑D5‑92 continued to operate at similar rates, but wells 199‑D5‑20 
and 199‑D5‑32 were not operational.  The D8 wells show somewhat variable pumping 
rates throughout CY 2009, with three periods of significantly reduced pumping 
rates or shutdowns lasting 2 to 4 weeks; these periods occur in early to mid‑May, 
late August, and mid‑October to early November.  These shutdowns were due to 
scheduled and unscheduled maintenance, freezing weather, and aquifer testing.  All 
extracted water from the D8 wells is piped to the 100‑HR‑3 treatment facility and 
is reinjected in the 100‑H Area.

16.3.3.3 Capture Zone Analysis
The capture zone and efficiency in the 100‑D Area were calculated using the 

“D5” wells from the DR‑5 system and the “D8” wells from the 100‑HR‑3 system.  
Figure 16‑28 depicts water‑level contours for the 100‑D Area prepared using the 
water‑level mapping method; multiple analogous maps are presented in Figure 16‑28, 
constructed using weekly averaged water levels obtained throughout CY 2009 with 
transducers and corresponding pumping rates, were used to develop an ensemble 
estimate of the extent of capture developed by the 100‑D Area systems.  These 
maps were used to estimate the extents of hydraulic capture for the combined 
100‑D Area systems for periods in which all of the wells were active.  The estimates 
of hydraulic capture for the 100‑D Area systems obtained using the mapping 
technique are supplemented by estimates of capture calculated using the 100 Areas 
groundwater model.

Figure 16‑29(a) depicts the extent of hydraulic capture developed by the combined 
100‑D Area pump‑and‑treat systems using a capture efficiency map, calculated 
using the groundwater model.  Figure 16‑29(a) represents the combination of twelve 
instantaneous capture zone estimates calculated using the groundwater model 
simulating monthly averaged river stages and pumping rates.  Figure 16‑29(b) depicts 

During the reporting 
period, the DR‑5 

pump‑and‑treat system 
removed 44.2 kg of 

hexavalent chromium 
from the aquifer.
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the extent of hydraulic capture developed by the combined 100‑D Area systems using 
a capture frequency map, calculated using the mapping approach.  Figure 16‑29(b) 
represents the combination of sixteen water‑level and capture maps, generated using 
weekly averaged water levels and pumping rates obtained for periods when both of 
the 100‑D Area systems were operating.  Figure 16‑30(a and b) depicts the same 
estimated extents of hydraulic capture developed by the 100‑D Area systems as 
Figure 16‑29(a and b), overlaid with contours that illustrate the extent of hexavalent 
chromium in groundwater during the spring of 2009. 

Figure 16‑29(a and b) suggests that the approximate extents of capture calculated 
using the mapping method and the groundwater model for the combined 100‑D Area 
pump‑and‑treat systems are broadly similar in appearance, although there are 
some areas that are noticeably different, which are discussed below.  The overlays 
of these capture efficiency and capture frequency maps with the contoured extents 
of hexavalent chromium (Figure 16‑30[a and b]) identify areas where capture is 
satisfactory and where capture is unsatisfactory.  Noting that the capture efficiency 
map calculated using the model (Figure 16‑29[a] and Figure 16‑30[a]) depicts 
capture throughout CY 2009, while the capture frequency maps calculated using the 
mapping method only represent periods when both D5 and D8 wells were operating 
(Figure 16‑29[b] and Figure 16‑30[b]), the following is evident:
• The capture efficiency and capture frequency maps provide for a reasonably 

consistent interpretation of the extent of capture developed by the 100‑D Area 
pump‑and‑treat systems, throughout the contoured extent of hexavalent 
chromium, when both D5 and D8 are operating.

• When the 100‑D Area pump‑and‑treat systems are operating, the capture 
frequencies calculated using the mapping method, and capture efficiencies 
calculated using the model, encompass the majority of the contoured extent of 
hexavalent chromium.

• The two notable exceptions to this conclusion are as follows:
– Hexavalent chromium downgradient of well 199‑D5‑39and that is partially 

remediated by the ISRM barrier.
– Hexavalent chromium downgradient of well 199‑D5‑32, which is depicted as 

mostly not captured in the model capture efficiency map, and mostly captured 
in the mapped capture frequency map.  In this case, the difference is likely a 
combination of (1) the capture frequency map representing only periods when 
both systems are operating and, thus, does not represent periods when capture 
frequency is effectively zero (systems not operating); and (2) differences in 
the methods compounded by the relatively small number of monitoring wells 
in this area to condition and provide consistency between the two methods.

16.3.3.4 Compliance Monitoring
There are currently no compliance wells for the DR‑5 pump‑and‑treat system; 

however, the system is monitored on a regular basis.  Tables 16‑3 and 16‑4 compare 
the baseline concentrations to the 2009 concentrations for chromium and other 
co‑contaminants of the DR‑5 pump‑and‑treat system.  DOE/RL‑2009‑15 presents 
the results of operational monitoring and provides additional information about the 
DR‑5 pump‑and‑treat systems for CY 2008.
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16.3.4 In Situ Redox Manipulation System
The ISRM barrier was installed to chemically reduce dissolved hexavalent 

chromium in groundwater to trivalent chromium, which is a much less soluble and less 
toxic species.  The objectives of the reduction‑oxidation interim action are the same 
as those for the 100‑D Area pump‑and‑treat systems.  Remedial action monitoring 
is described in the Remedial Design Report and Remedial Action Work Plan for the 
100‑HR‑3 Groundwater Operable Unit In Situ Redox Manipulation (DOE/RL‑99‑51).

The reduction‑oxidation treatment zone is ~680 meters long (aligned parallel to the 
Columbia River) and ~100 to 200 meters inland (Figure 16‑31).  The treatment zone 
was designed to reduce the concentration of hexavalent chromium in groundwater 
to no more than 20 µg/L at seven compliance wells located between the treatment 
zone and the river.

16.3.4.1 Hydraulic Monitoring
Groundwater elevations in the unconfined aquifer were measured in monitoring 

wells in and around the ISRM site in CY 2009.  The water levels were measured using 
an automated recording system, and supplemented by quarterly manual measurements 
made using an electric tape and then compared to known survey elevations.  The 
height of the Columbia River is also monitored electronically at the 100‑D river 
gauge, located directly north of the ISRM barrier.  The automated water‑level network 
recorded data from pressure transducers at seventeen locations on an hourly basis. 

Groundwater flow in the 100‑D Area is relatively stagnant compared to the 
100‑H Area.  Water levels in the 100‑D Area are similar to water levels in the 
regional flow field to the south.  Regional flow entering the southern portion of the 
100‑HR‑3 OU tends to flow toward the 100‑H Area leaving the 100‑D Area, to the 
edge of regional groundwater flow streamlines (Figure 16‑4).  River elevation can 
vary as much as 3.2 meters throughout the year.  During low river stage (September 
through December), groundwater flow is generally toward the river.  During the 
spring (April through June), high levels in the Columbia River create flow from the 
river inland, with a steeper gradient near the river and flattening somewhat further 
inland.  This mechanism may have allowed chromium to build up for years in the 
aquifer based on the current observed hot spot upgradient of the ISRM barrier.

Groundwater flow is also affected by the pump‑and‑treat system.  Small 
groundwater mounds are present due to injection of treated groundwater from the 
DR‑5 pump‑and‑treat system.  A small number of groundwater depressions were 
observed around extraction wells of the DR‑5 pump‑and‑treat system.

16.3.4.2 Compliance Monitoring
The 2009 hexavalent chromium concentrations were all below the 20 µg/L remedial 

action goal in the southernmost compliance wells 199‑D4‑85 and 199‑D4‑86, with 
a maximum measurement of 19 µg/L from well 199‑D4‑86 (Figure 16‑32).  The 
compliance monitoring wells downgradient (north) of the ISRM barrier generally 
contained higher concentrations of hexavalent chromium in the northeast portion 
of the barrier during the reporting period.  The most northeastern well, 199‑D4‑83, 
had levels of hexavalent chromium up to 95.8 µg/L in 2009, with the highest value 
recorded at the end of the reporting period.  This high value represents a 25% increase 
from levels observed in FY 2008.  Well 199‑D4‑39, also near the northern end of 
the barrier, had hexavalent chromium levels ranging from 515 to 783 µg/L in 2009.  
These levels show lower variance than the range of 156 to 617 µg/L observed in 
FY 2008, but the hexavalent chromium levels have stabilized near the upper end 
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of the range observed the previous year.  Concentrations remained variable in well 
199‑D4‑38, downgradient from the central portion of the ISRM barrier, ranging 
from 106 to 265 µg/L, with a maximum level 27% higher than observed in 2008.  
Nearby wells 199‑D4‑23 and 199‑D4‑84 continued to report lower hexavalent 
chromium concentrations (14 to 63 µg/L in FY 2009, compared to 19 to 62 µg/L 
in FY 2008).  Sampling frequencies and constituents are listed in Appendix A.  
Table A‑7 in Appendix A documents the deviations from planned sampling.  The 
Fiscal Year 2008 Annual Summary Report for the In Situ Redox Manipulation 
Operations (DOE/RL‑2009‑01) provides the results of operational monitoring from 
October 1, 2007, through September 30, 2008.

Figure 16‑33 shows the levels of dissolved oxygen across the treated area 
and demonstrates the treatment system’s effectiveness in producing the desired 
chromium‑reducing conditions.  The lowest concentration in a well downgradient of 
the barrier was 0.4 mg/L in well 199‑D4‑5.  Most of the aquifer tubes have dissolved 
oxygen concentrations above 5 mg/L.  However, low dissolved oxygen (less than 
5 mg/L) can cause harm to aquatic organisms at the groundwater‑surface water 
interface.  The lowest dissolved oxygen concentration in FY 2008 was 3.6 mg/L in 
Redox‑2‑6.0. 

16.3.5 100‑D Area Chromium Source Investigation
In response to the 5‑year review, investigations into additional sources of 

chromium groundwater contamination within the 100‑D Area were conducted for 
both the southern and northern plumes.  These plumes have persistently exceeded 
1,500 μg/L locally, suggesting that unidentified sources of hexavalent chromium 
remain in the vadose zone and are moving toward groundwater.  The source of the 
southern plume was investigated in FY 2007 and 2008 (DOE/RL‑2009‑92, Report 
on Investigation of Hexavalent Chromium Source in the Southwest 100‑D Area) 
(Figure 16‑8), and the source of the northern plume was investigated in FY 2009 and 
2010 (DOE/RL‑2010‑40, Report on Investigation of Hexavalent Chromium Source 
in the Northern 100‑D Area).  These investigations used groundwater and vadose 
zone samples to refine the location of probable source areas.

In 2007 and 2008, eleven groundwater wells were installed near the suspected 
source area in the southern plume.  None of the vadose zone samples contained 
significant concentrations of hexavalent chromium, indicating that a vadose 
zone source was not intercepted.  Groundwater from the wells was sampled and 
analyzed for hexavalent chromium on a bimonthly and then monthly basis, and 
these data were used in conjunction with a detailed evaluation of groundwater flow 
to narrow the area of a vadose zone source.  Determining the contaminant source 
was complicated by daily and seasonal fluctuations of the Columbia River, but the 
analysis resulted in identification of an area of less than 1 hectare for the southern 
plume, centered ~40 meters southwest of well 199‑D5‑99 (Figure 16‑8), as the 
probably source area.  Hexavalent chromium concentrations in this area have been 
as high as 49,300 µg/L in well 199‑D5‑99 (April 14, 2009) and 59,600 µg/L in well 
199‑D5‑122 (December 15, 2009).

Hexavalent chromium concentrations in the hot spot vary seasonally with 
Columbia River elevation (Figure 16‑34).  The highest concentrations follow low 
river stage by 2 to 3 months, and the lowest concentrations occur several weeks 
after the springtime high river stage.  Water levels near the hot spot change by up to 
1 meter seasonally, and hexavalent chromium concentrations can vary by a factor 
of 30 over the period of one year.

The ISRM barrier has 
reduced chromium 
concentrations in 

the aquifer near the 
Columbia River.
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The principal objectives of the northern plume investigation were to locate the 
potential hexavalent chromium source(s) for the northern contaminant plume and 
to test compact drilling technologies to explore more cost‑effective technologies for 
collecting soil samples in the intermediate and deep vadose zone.  The vadose zone 
drilling targeted areas at which chromium had been documented in surface soils.  
Some vadose zone samples collected under chromium‑stained surface soil contained 
elevated hexavalent and total chromium, but values decreased with depth.  Three 
groundwater monitoring wells were installed near the highest concentration area 
of the northern plume to refine the geometry of that area and attempt to elucidate 
specific sources.  One of the new wells, 199‑D5‑126, contains the highest hexavalent 
chromium values found in the northern plume (2,350 µg/L on June 15, 2009), possibly 
indicating a nearby vadose zone source.

The high, persistent chromium concentrations in the 100‑D Area plumes may be 
caused by one or more active sources of contamination present in the vadose zone.  
Neither the 2008 southern plume nor the 2009 northern plume studies discovered 
significant levels of hexavalent chromium in the deep vadose zone.  However, any 
contaminant source to the plumes could be restricted to a small area and, thus, be 
very difficult to find using surface drilling technologies.  The area with the highest 
concentration of hexavalent chromium in soils was waste site 100‑D‑104, which 
is ~250 meters from the area of highest concentration in the northern plume.  It 
is considered unlikely that a release would travel this far laterally before reaching 
groundwater, as there is no geologic layer to cause such spreading.  Therefore, no 
strong evidence is available whether this is the location of the hexavalent chromium 
source.  As previously noted, further characterization will be performed in suspect 
source areas during remedial investigation/feasibility study work plan activities.

16.3.6 Characterization of Chromium Below Initial Aquitard
In response to the 5‑year review (Action 12‑1), aquifer tests (with time‑series 

sampling) were performed in CY 2009 to gather data to provide additional information 
on the deep chromium contamination.  The main objectives of the aquifer testing 
were to (1) gather data to help to refine the conceptual model for the source of deep 
contamination, (2) evaluate the hydraulic properties of both the unconfined aquifer 
and the upper portion of the Ringold upper mud unit, and (3) indicate the extent of 
chromium contamination in the Ringold upper mud unit.  The current conceptual 
model for the 100‑H Area unconfined aquifer is that the Ringold upper mud unit is 
an aquitard layer underlying the unconfined aquifer that may itself contain permeable 
zones, stringers, or layers.  These permeable zones (if they exist) might provide 
pathways for chromium to migrate deeper into or beneath the Ringold upper mud 
unit under certain hydrologic conditions. 

Aquifer testing conducted at three sets of 100‑H Area wells showed elevated 
hexavalent chromium contamination that may have been driven into the Ringold upper 
mud unit by the high hydraulic head conditions from cooling water discharges during 
H Reactor operations.  To conduct the aquifer tests, the pump‑and‑treat extraction 
wells in the 100‑H Area were shut down prior to aquifer testing.  The shutdown 
of pumping in the unconfined aquifer allowed the aquifer to recover to a natural 
(non‑pumping) equilibrium state.  A series of step‑drawdown and constant pumping 
tests were performed.  Table 16‑5 lists the three sets of wells and the pumping rates 
used during each test.  The results of this investigation will be published in CY 2010.  
A summary of the preliminary observation from the aquifer tests is as follows:

Drilling has not 
identified a deep 

vadose zone source 
of chromium in 
the southern or 
northern area 

of the 100‑D Area.
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• Chromium concentrations in wells 199‑H4‑12C (pumping at 75.7 liters per 
minute) and 199‑H4‑15CS (pumping at 22.7 liters per minute) remained at 
~100 µg/L during constant‑discharge pumping tests lasting ~43 days and 
6 days, respectively.

• Further inland, at well 199‑H3‑2C (pumping at 151.4 liters per minute), chromium 
concentrations ranged from 5 to 52 µg/L during the 43‑day constant pumping test.

• The concentration pattern suggests that the large groundwater mound associated 
with H Reactor operations may have been sufficient, in combination with the thin 
Ringold upper mud unit overlying the pumped sand layer in the 100‑H Area near 
the Columbia River, to have caused the migration of contaminated groundwater 
into the Ringold upper mud unit and then inland for some distance through at 
least the permeable sand zone that was pumped by well 199‑H3‑2C.

16.3.7 Zero‑Valent Iron Injection
The ISRM barrier was completed in 2002 to intercept hexavalent chromium 

contamination in the unconfined aquifer in the 100‑D Area and chemically reduce 
the chromium to non‑toxic, relatively immobile trivalent chromium using sodium 
dithionite as the reductant.  A 20‑year service life was anticipated for the barrier, 
but some minor loss of barrier integrity was noted within 18 months of completion.  
In 2004, an independent technical panel recommended injection of micron‑sized 
zero‑valent iron to renew reducing conditions in the aquifer and mend portions of 
the barrier.

In 2008 and 2009, seven zero‑valent iron materials were evaluated for the ability 
to move into the aquifer and chemically reduce groundwater and move into the 
aquifer (DOE/RL‑2009‑35, Treatability Test Report on Mending the In Situ Redox 
Manipulation Barrier Using Nano‑Sized Zero Valent).  The compound RNIP‑M22 
was judged superior, and approximately 371,000 liters of iron slurry containing 
2,400 kg of RNIP‑M2 was injected into well 199‑D4‑26 within the ISRM barrier 
over five days in August 2008.  A network of monitoring wells surrounding the test 
site was monitored to determine the extent of iron injection.  The data showed that 
zero‑valent iron rapidly appeared in wells three meters downgradient and upgradient, 
but did not affect groundwater in wells 12.8 meters away.  The injection modestly 
decreased hydraulic conductivity, by a factor of 2.7.

Groundwater samples from the injection and nearby monitoring wells showed 
hexavalent and total chromium values decreasing to at or near detection limits, 
as was also the case with dissolved oxygen and nitrate.  Sulfate concentrations 
decreased immediately after treatment but later rebounded to pre‑injection levels.  
Levels for dissolved and total manganese, and dissolved and total iron increased 
(DOE/RL‑2009‑35).  Samples collected from the injection and two nearest monitoring 
wells (199‑D4‑92 and 199‑D4‑93) during the reporting period showed that the 
reducible species hexavalent chromium, oxygen, and nitrate are still near detection 
limits over a year after the test.  Iron and manganese increased significantly near the 
injection well; slight increases were observed 60 meters downgradient of the injection 
well in the few months following the injection.

To verify that the test met one of the primary goals of communicating zero‑valent 
iron at least 7 meters from the injection well, a borehole was drilled 7 meters from 
the injection well approximately 8 months after testing was completed.  Aquifer 
material was collected and analyzed on approximately 30‑centimeter intervals.  

2 RNIP‑M2™ is a trademark of Toda Kogyo Corporation, Hiroshima, Japan.
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Results show that approximately 4 weight‑percent iron was deposited in a known area 
of high hydraulic conductivity near the bottom of the well.  These data verified 
that the goal of emplacing zero‑valent iron at least 7 meters into the aquifer was 
successfully accomplished.

Monitoring well 199‑D4‑38, approximately 64 meters downgradient of the 
injection well, showed no significant changes in groundwater chemistry for the year 
following the test.  In August 2009, unfiltered iron concentrations increased to over 
1,500 μg/L, which is three times higher than any previous value.  Turbidity in this 
sample was an order of magnitude greater than previous or later analyses.  This likely 
represents a transient pulse of zero‑valent iron entrained in groundwater.

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

Pacific Northwest National Laboratory completed an in situ biostimulation 
treatability test at the 100‑D Area in FY 2009 (PNNL‑18784, Hanford 100‑D Area 
Biostimulation Treatability Test Results).  The purpose of biostimulation for the 
100‑D Area is to induce the reduction of chromate, nitrate, and oxygen and to remove 
these compounds from the groundwater.  The in situ biostimulation technology was 
intended to test how providing supplemental treatment upgradient of the ISRM barrier 
could potentially increase the longevity of the ISRM barrier.  Substrates for the 
treatability test were selected to provide information about two general approaches for 
establishing and maintaining an in situ permeable reactive barrier based on biological 
reactions:  (1) use of a soluble (miscible) substrate that is relatively easy to distribute 
over a large area, is inexpensive, and is expected to have moderate longevity; and 
(2) use of an immiscible substrate that can be distributed over a reasonable area, at 
a moderate cost, and is expected to have increased longevity.  For the treatability test, 
molasses was selected as a commercially available soluble substrate.  A commercially 
available, emulsified vegetable oil was selected as the immiscible substrate.

Test data indicated that each substrate was successfully distributed to the target 
radius from the injection well.  Microbial activity and the ability to reduce the 
targeted species were observed throughout the monitored zone, and low oxygen, 
nitrate, and chromium concentrations were maintained for the duration of monitoring 
(Figure 16‑35).  Aquifer permeability reduction within the test zone was moderate.  
The injected substrate and associated organic degradation products persisted for a 
period of ~1 year.  The monitoring period for the treatability test was relatively short 
compared to the expected longevity of the treatment, and additional monitoring 
is recommended.

16.4 RCRA Groundwater Monitoring of 183‑H Solar 
Evaporation Basins

The 183‑H solar evaporation basins are the only RCRA site in the 100‑H Area.  The 
116‑H‑6 solar evaporation basins were incorporated into the Hanford Facility RCRA 
Permit (WA7890008967, Hanford Facility Resource Conservation and Recovery 
Act Permit, Dangerous Waste Portion, Revision 8C, for the Treatment, Storage, and 
Disposal of Dangerous Waste) as the “183‑H solar evaporation basins.”  The site 
is monitored during the post‑closure period under the corrective action monitoring 
requirements of Washington Administrative Code (WAC) 173‑303‑645(11)(g), 
“Dangerous Waste Regulations; Releases from Regulated Units.”
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The 183‑H solar evaporation basins (waste sites 116‑H‑6) included 
four sedimentation and flocculation basins remaining from operation 
of the 183‑H water treatment facility.  The four basins received 
combined radioactive and dangerous (mixed) waste for storage and 
treatment from the 300 Area fuel fabrication facilities from July 1973 
until November 1985.  By the fall of 1996, the waste remaining in the 
basins was removed, the basins were demolished, and the underlying 
contaminated soil was removed and replaced with clean fill.

Clean closure of the site was not achieved because fluoride 
and nitrate levels in soil below the 4.6‑meter excavation exceed 
the Method B cleanup levels of WAC 173‑340, “Model Toxics 
Control Act – Cleanup.”  Therefore, the unit was closed under the 
partial‑closure option, with specified measures for post‑closure care.

16.4.1 Constituent List and Sampling Frequency
The RCRA Permit requires annual monitoring of the facility, 

which includes sampling four wells for chromium, fluoride, nitrate, 
technetium‑99, and uranium.  Although not regulated under RCRA, 
technetium‑99 and uranium were included in the monitoring plan 
for completeness and were incorporated by reference in the Hanford 
Facility RCRA Permit.  The current report includes the final quarter 
of CY 2008 and all four quarters of CY 2009.  The five‑quarter period 
includes two RCRA sampling events (during November 2008 and 
November 2009).  The results are discussed in this section.

16.4.2 Network Evaluation
The monitoring network consists of wells 199‑H4‑3, 199‑H4‑8, 199‑H4‑12A, 

and 199‑H4‑12C.  The RCRA wells were sampled as scheduled (except for 
199‑H4‑12A) for the constituents of interest listed in the groundwater monitoring 
plan (PNNL‑11573, Groundwater Monitoring Plan for the 183‑H Solar Evaporation 
Basins).  Well 199‑H4‑12A was offline during the aquifer tests conducted in the 
100‑H Area (Section 16.3.6), therefore, the well was not sampled in November 2009.  
The groundwater monitoring results are presented in Results of Groundwater 
Monitoring for the 183‑H Solar Evaporation Basins and 300 Area Process Trenches 
– July‑December 2008 (SGW‑40852) and Results of Groundwater Monitoring for the 
183‑H Solar Evaporation Basins and 300 Area Process Trenches – January‑June 2009 
(SGW‑42788) for the respective periods.  The RCRA corrective action monitoring 
will continue to evaluate new analytical results for the concentration limits stated in 
the Hanford Facility RCRA Permit (Table 16‑6).

16.4.3 Groundwater Contaminants
Chromium concentrations have been below the 122 µg/L permit concentration 

limit in all four wells since 2003, although concentrations in well 199‑H4‑12C in 
November 2009 were near this level (117 and 120 µg/L in filtered and unfiltered 
samples, respectively).  In FY 2009, the total chromium concentration ranged from 
10 to 120 µg/L.  The highest chromium concentrations continued to be found in deep 
well 199‑H4‑12C.  The levels in this well have declined from ~300 µg/L in the early 
1990s, and concentrations had been stable for the past several years before increasing 
in the November 2009 sampling event.  Because none of the other 183‑H solar 
evaporation basin co‑contaminants are elevated in well 199‑H4‑12C, it is likely that 
the chromium in this well has an alternate source.
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Nitrate concentrations ranged from 4.55 to 39.8 mg/L during the reporting period.  
Levels have been below the permit concentration limit of 45 mg/L since 2006, with 
the exception of two samples from well 199‑H4‑3 in the summers of 2006 and 2007.

Fluoride concentrations remained low (less than 300 µg/L) in groundwater 
downgradient of the 183‑H solar evaporation basins.  The highest concentration for 
the reporting period was 250 µg/L in well 199‑H4‑12C, which is well below the 
permit concentration limit of 4,000 µg/L.

Technetium‑99 was positively detected in at least one sample from each well 
during the reporting period.  Uranium was positively detected in all samples 
collected during the reporting period; however, technetium‑99 and uranium did 
not exceed the permit concentration limits (900 pCi/L and 30 µg/L, respectively) 
in any of the samples.  The highest technetium‑99 and uranium concentrations 
were in well 199‑H4‑3 (55 pCi/L and 14.4 µg/L, respectively).  Concentrations 
increased in this well during the summer of 2006 and 2007, along with an increase 
in chromium concentration.

16.4.4 Compliance Status
The concentrations of contaminants (e.g. chromium, nitrate, fluoride, and 

technetium‑99) at the 183‑H solar evaporation basins remained below applicable 
concentration limits during the reporting period.  Additional results will be evaluated 
relative to established trends and the DWSs for the constituents of concern.

16.5 Conclusions and Recommendations
The conclusions and recommendations for the 100‑HR‑3 OU are presented in 

the following sections.

16.5.1 Conclusions
General conclusions for the 100‑HR‑3 OU are as follows: 

• The existing remedies are not meeting remedial action objectives.  Expanded 
pump‑and‑treat systems are being implemented in both the 100‑H and 
100‑D Areas to meet these needs.

• Additional technologies such as in situ bioremediation may be useful for 
selected areas in the 100‑HR‑3 OU.

The conclusions with respect to each remedial action objective are discussed below.
• Remedial action objective #1.  Protect aquatic receptors in the river bottom 

substrate from contaminants in the groundwater entering the Columbia River.
 The remedial action objective cleanup goal for pump‑and‑treat compliance wells 

and the ISRM barrier is 20 µg/L based on the revised 10 µg/L ambient water 
quality criterion.  Even though the remedial action goal has not yet been achieved 
(based on the following observations), progress has nonetheless been made.
100‑D Area:
– The areal extent of the hexavalent chromium north of the 182‑D reservoir 

has not changed significantly over the last few years.  The DOE is evaluating 
whether the182‑D reservoir is necessary to support the continued Hanford 
cleanup mission.  This evaluation is currently scheduled to be completed in 
2010.  The reservoir will be addressed under a water systems master plan, 
which will identify the preferred infrastructure solution of the reservoir.  
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Monitoring requirements for the reservoir and export water lines will be 
re‑evaluated at that time. 

– Fall 2009 hexavalent chromium concentrations were above the 20 µg/L 
remedial action goal in both compliance wells (199‑D8‑69 and 199‑D8‑70).

– Overall, the ISRM barrier continues to help reduce hexavalent chromium 
in the aquifer.  However, during periods of low flow, hexavalent chromium 
values above the remedial action goal are observed in some wells.

– The effect of high river stage during the early summer months provides a 
natural hydraulic barrier for movement of the hexavalent chromium plume 
to the Columbia River.

– The chromium source investigation identified two zones of groundwater with 
high concentrations:  one area adjacent to the former sodium dichromate 
transfer station, and an area northwest of the D Reactor.  Short‑term remediation 
options include connecting new wells in the high‑concentration areas to the 
existing DR‑5 system.

100‑H Area:
– Fall 2009 hexavalent chromium concentrations were below the 20 µg/L 

remedial action goal in three of the four original compliance wells.  Three of 
the compliance wells are currently used as extraction wells. 

– Fall 2009 hexavalent chromium concentrations were greater than the 
20 µg/L remedial action goal in extractions wells 199‑H4‑64 (41 µg/L) and 
199‑H4‑15A (25 µg/L).

– Aquifer testing of a permeable zone below the initial aquitard in the Ringold 
upper mud unit indicated that hexavalent chromium concentrations were 
higher in deeper wells 199‑H4‑12C and 199‑H4‑15CS (at ~100 µg/L) than 
in shallow wells 199‑H4‑12A and 199‑H4‑15A.  Well 199‑H3‑2C exhibited 
chromium levels of ~30 to 40 µg/L.  The shallow wells are screened in the 
Hanford formation, and the deeper completions are in slightly confined 
groundwater‑producing horizons within the Ringold upper mud unit.

– The effect of high river stage during the early summer months provides a 
natural hydraulic barrier for movement of the hexavalent chromium plume 
to the Columbia River.

Horn Area:
Although the Horn area is not part of the interim action that includes the 100‑D 
and 100‑H Areas, highlights regarding hexavalent chromium monitoring in the 
Horn area are provided for continuity:
– Characterization wells and aquifer tubes completed during the past several 

years have confirmed that a low‑concentration hexavalent chromium plume 
likely forms a continuous band across the Horn area, from the 100‑D Area to 
the 100‑H Area.

– The hexavalent chromium plume has reached the shoreline directly north of 
the 100‑H Area.

• Remedial action objective #2.  Protect human health by preventing exposure to 
contaminants in the groundwater.
The interim remedial action Record of Decision (EPA/ROD/R10‑96/134) 
establishes a variety of institutional controls that must be implemented and 
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maintained throughout the interim action period.  These provisions include the 
following:
– Access control and visitor escorting requirements
– Signage providing visual identification and warning of hazardous or 

sensitive areas 
– Excavation permit process to control all intrusive work (e.g., well drilling and 

soil excavation)
– Regulatory agency notification of any trespassing incidents.
The effectiveness of institutional controls was presented in the 2004 Site Wide 
Institutional Controls Annual Assessment Report for Hanford CERCLA Response 
Actions (DOE/RL‑2004‑56).  The findings of this report indicate that institutional 
controls were maintained to prevent public access, as required.

• Remedial action objective #3.  Provide information that will lead to a final 
remedy.

 An update of the pump‑and‑treat technology to date is as follows:
– The size of the 100‑H Area plume has been significantly reduced.
– Significant contaminant mass has been removed in both the 100‑D and 

100‑H Areas.
– Contaminant concentrations in the aquifer tubes have been reduced.
– The size of the 100‑D Area hexavalent chromium plume has not been affected 

significantly by pump‑and‑treat‑operations, suggesting potential unremediated 
sources within the vadose zone may still be contributing to the plume.  In 
addition, drilling and installation of new characterization and monitoring wells 
has aided in better definition of the extent of contamination.

– The ISRM barrier has reduced chromium in the aquifer and is in place to protect 
the Columbia River downgradient of the southern plume in the 100‑D Area.

16.5.2 Recommendations
General recommendations for the 100‑HR‑3 OU are as follows:

• Implement expanded pump‑and‑treat systems across the 100‑HR‑3 OU.  The 
2,270 liter per minute DX system is planned for implementation at the end of 
2010.  The 2,650 liter per minute HX system is planned for implementation at 
the end of 2011.

• Connect wells that are screened in the Ringold upper mud unit (in the 100‑H Area) 
to the 100‑HR‑3 pump‑and‑treat system between now and the end of 2010, 
including wells 199‑H3‑2C and 199‑H4‑12C.

• Connect well 199‑H3‑4 to the 100‑HR‑3 pump‑and‑treat system to account for 
the encroaching plume from the Horn area to the south of the 100‑H Area. 

• Implement remedial process optimization using the DX and HX pump‑and‑treat 
systems.  Identify opportunities to optimize the performance and operation of 
existing components of the remediation systems (e.g., use the full design treatment 
capacity of the current pump‑and‑treat systems) and design the DX and HX 
systems to achieve cleanup to the aquatic standard (20 µg/L) at compliance points.

• Revise the remedial design/remedial action work plan to reflect the upgrades to 
the pump‑and‑treat systems at DX and HX and incorporate the ISRM barrier.
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• Review and revise (as necessary) the existing well sampling frequency and 
constituent lists to reflect new data needs and trend development, and provide 
a correlation of remedy wells with monitoring wells and aquifer tubes.  Include 
the changes in a revised interim action monitoring plan in 2010.

• Plan and develop a consistent network of compliance wells to measure 
remedy effectiveness for each area, taking advantage of existing wells to the 
extent practicable.

Specific recommendations for the 100‑HR‑3 pump‑and‑treat system in the 
100‑D Area, 100‑H Area, and Horn area are as follows:
• 100‑D Area: 

– Continue to integrate source and groundwater contractor efforts to help locate 
the remaining hexavalent chromium source(s) within the vadose zone. Further 
characterization will be performed in suspect source areas during RI/FS Work 
Plan activities.

– Connect high‑concentration well 199‑D5‑104 to the DR‑5 system and 
well 199‑H3‑4 to the 100‑HR‑3 system in FY 2010.

– Monitor 100‑HR‑3 effluent quality and reduce effluent concentration 
variability.

– Add injection capacity at DR‑5 by connecting a second injection 
well (199‑D5‑41).

• 100‑H Area/Horn area:
– Continue to work closely with the Native American tribes and cultural resource 

specialists to incorporate cultural concerns into expanded pump‑and‑treat 
operations, particularly north of the 100‑H Area.
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Chapter 16.0
Vol. 2 - River Corridor
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Chapter 16.0
Vol. 2 - River Corridor
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Table 16‑5.  Well Sets and Pumping Rates for 100‑H Area Aquifer Tests.

Table 16‑6.  Concentration Limits for 183‑H Solar Evaporation Basins.

Well Cluster Well Name Screened Interval 
(m bgs)

Pumping Rate 
(gpm)

Specific Capacity 
(gpm/m)

199-H3-2
199-H3-2A 12.5 to 15.5 Observation well --
199-H3-2B 15.2 to 16.8 Observation well --
199-H3-2C* 30.5 to 33.5 40 3.6

199-H4-12
199-H4-12A 10.0 to 14.6 Observation well --
199-H4-12B 13.1 to 15.2 Observation well --
199-H4-12C* 22.0 to 25.0 20 4.9

199-H4-15
199-H4-15A 8.2 to 12.8 Observation well --
199-H4-15B 11.3 to 12.8 Observation well --

199-H4-15CS* 23.8 to 24.4 4 3.9

Notes:
*  Pumped well. 

bgs	 =	 below	ground	surface
gpm	 =	 gallons	per	minute

Constituent Concentration Limit

Dangerous Waste Constituents

Chromium	(total,	filtered	samples)a 122	µg/L;	local	background	when	compliance	monitoring	plan	was	
written	(1996);	upgradient	sources

Nitrate 45	mg/L;	DWS	(as	NO3)

Fluoride 4,000 µg/Lb

Other 183‑H Waste Indicators

Technetium-99 900 pCi/L
Uranium	(total;	chemical	analysis) 20	µg/L;	proposed	DWS	when	monitoring	plan	was	written	(1996)

Notes:
a. Chromium results discussed here represent hexavalent chromium, which can be measured either by 

analyses	specifically	for	the	hexavalent	species	or	from	total	chromium	measured	in	filtered	samples.		
Dissolved chromium in Hanford Site groundwater is nearly all hexavalent.

b. The Hanford Facility Resource Conservation and Recovery Act Permit, Dangerous Waste Portion, 
Revision 8C, for the Treatment, Storage, and Disposal of Dangerous Waste (WA7890008967) erroneously 
gives the value 1,400 µg/L as the U.S. Environmental Protection Agency’s maximum contaminant level 
(DWS)	for	fluoride.		The	actual	limit	is	4,000	µg/L. 

DWS			=			drinking	water	standard
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Figure 16‑1.  Facilities in the 100‑D Area with Wells.
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Figure 16‑2.  Facilities in the 100‑H Area with Wells.
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Figure 16‑3.  Monitoring Well Locations within the Horn Area of the 100‑HR‑3 Operable Unit.
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Figure 16-4.  100-HR-3 Operable Unit Water Table Elevation Map, March 2009.
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Figure 16‑5.  Cross‑Section of the 100‑D and 100‑H Areas.
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Figure 16-6.  100-HR-3 Operable Unit Chromium Map, Spring 2009.
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Figure 16-7.  100-HR-3 Operable Unit Chromium Map, Fall 2009.
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Figure 16-8.  100-D Area Chromium Trend Plots (North and South Plumes).
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Figure 16‑9.  In Situ Redox Manipulation Detail Map.
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Figure 16‑10.  In Situ Redox Manipulation Operational Monitoring, Chromium.
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ISRM Operational Monitoring Third Quarter FY09 (5/09), Hexavalent Chromium (μg/L)
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Figure 16‑11.  100‑D Area Aquifer Tubes.
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Figure 16-14.  100-H Area Chromium Trend Plots.
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Figure 16‑17.  100‑D Area Nitrate.
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Figure 16-18.  Influent/Effluent Concentrations and Removal Efficiencies for  
the 100‑HR‑3 Pump‑and‑Treat System.
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Figure 16‑19.  System Availability for the 100‑HR‑3 Pump‑and‑Treat System.
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Figure 16‑21.  Groundwater Elevation Contours for the 100‑H Area.
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Figure 16-24.  Influent/Effluent Concentrations and Removal Efficiencies for  
the DR‑5 Pump‑and‑Treat System.
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Figure 16‑25.  System Availability for the DR‑5 Pump‑and‑Treat System.
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Figure 16‑28.  Groundwater Elevation Contours for 100‑D Area.
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Figure 16‑32.  Chromium Trend Plots for Compliance Wells.
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Figure 16-33.  Dissolved Oxygen Map.
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Figure 16-34.  Biostimulation Configuration with Chromium Trends.
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Figure 16‑35.  Biostimulation Chromium Disappearance Graph.
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