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100-BC Overview 
The 100-BC groundwater interest area includes the 
100-BC-5 OU and surrounding region. Two nuclear 
reactors formerly operated in 100-BC. The B Reactor 
was the first of its kind, and it operated from 1944 to 
1968. Its primary mission was plutonium production 
for the development of an atomic bomb during World 
War II. The C Reactor operated from 1952 to 1969. 
Groundwater contamination in 100-BC is mainly 
associated with waste produced by the reactors and 
related processes. Additional details about 100-BC 
history and waste sites are provided 
in DOE/RL-2010-96. 

DOE monitors 100-BC groundwater to meet CERCLA 
and AEA requirements. Groundwater contaminants of 
concern are strontium-90, tritium, and hexavalent 
chromium (DOE/RL-2010-96). Sampling frequency in 
2012 varied from biennial to monthly, and the 
comprehensive annual sampling event occurred in 
February (Map BC.1). Previous assessments have not 
resulted in any interim remedial measures for 
groundwater.  

Nearly all of the waste sites in 100-BC have been 
remediated or are classified as not requiring 
remediation. In 2012, workers continued to excavate 

the 100-C-7:1 waste site, removing sediment 
contaminated with hexavalent chromium. This 
excavation is very large and extends to the water 
table at a depth of approximately 24 meters. 
Excavation of the adjacent 100-C-7 waste site was 
completed in 2012, and the hole was backfilled.  

 

Table BC.1 100-BC at a Glance 

Reactor Operations: B 1944–1968; C 1952–1969 

2012 Groundwater Monitoring 

Contaminant 

Water 
Quality 

Standard 
Maximum 

Concentration 

Plume 
Areaa 
(km2) 

Shoreline 
Impact 

(m) 

Hexavalent 
Chromium 

48 µg/Lb/  
10 µg/Lc 

179 µg/L  
(199-B4-14) 

0.2b / 
1.6c  

0b / 1,400c 

Strontium-90 8 pCi/L 39 pCi/L  
(199-B3-46) 

0.52 380 

Tritium 20,000 
pCi/L 

21,000 pCi/L  
(199-B3-47) 

0.21 40 

Remediation 

Waste Sites (interim action): > 90% completed. 
Groundwater (interim action): None. 
Final Record of Decision anticipated in 2017. 

a. Estimated area at a concentration greater than the listed drinking 
water standard. 
b. 48 µg/L MTCA groundwater cleanup standard 
c. 10 µg/L surface water standard. 
d. Sites with status of closed, interim closed, no action, not accepted, 
or rejected. 

Figure BC.1 100-BC Geology 
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Map BC.1 100-BC Overview 
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The vadose zone in 100-BC comprises Hanford formation sand and gravel. The water table (Map BC.1) is in the lower 
part of the Hanford formation or in the Ringold Formation unit E (Figure BC.1). The unconfined aquifer is 32 to 48 
meters thick, and the base of the aquifer is the Ringold upper mud unit (DOE/RL-2010-96). Groundwater enters 
100-BC from the west and south and flows into the Columbia River (see water table map). In northern 100-BC, flow is 
primarily to the north.   
The water table is very flat in southern 100-BC, and evidence points to flow directions varying from eastward to 
northward. Trend surface analysis in 2012 indicated flow in southern 100-BC varied from east-northeast (July) to 
nearly due north (October). Tracer tests conducted in the 100-C-7:1 excavation in spring and summer 2012 indicated 
flow toward the northeast (PNNL-21845). Recent movement of groundwater contaminants in the shallow aquifer 
indicates that flow primarily is toward the northeast and east. 

Figure BC.2 shows how estimated plume areas (in the upper part of the unconfined aquifer) have changed since 2003. 
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Figure BC.2 200-BC-5 Plume Areas 
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100-BC CERCLA Activities 
In 2012, CERCLA activities in 100-BC included routine groundwater monitoring, special studies in groundwater 
beneath a former waste site, and planning for additional RI studies.  

Groundwater Monitoring. Routine groundwater monitoring is described in a SAP (DOE/RL-2003-38, as modified 
by TPA-CN-522). Wells were all sampled as planned in 2012 (Table 2-1 in SGW-55438).  Map BC.2 shows the locations 
of monitoring wells. Aquifer tube sampling is described in Chapter 4 of SGW-55438. 

Special Studies at 100-C-7:1. The last major waste sites to be remediated in 100-BC are the 100-C-7 and 100-C-7:1 
sites. Hexavalent chromium was found deep in the vadose zone at these sites, so they were excavated to below the 
water table in recent years. The 100-C-7 site was backfilled in 2012, and 100-C-7:1 is being backfilled in 2013.  

During 2012, DOE conducted studies of groundwater beneath the open 100-C-7:1 excavation to quantify the release 
of hexavalent chromium and to determine hydraulic properties. Some of the key findings of the study (PNNL-21845) 
included the following. 

• A short-lived pulse of hexavalent chromium was released to groundwater in spring and summer 2012 in 
response to the seasonal rise in the water table. 

• The upper part of the aquifer in the study area has very high hydraulic conductivity (6,100 m/d). 

• Groundwater velocity in the Hanford formation ranged from approximately 2 to 7 m/d. 

Remedial Investigation. DOE plans to conduct additional studies in 100-BC between 2013 and 2015 to reduce 
uncertainties relating to (1) the completion of waste site remediation; (2) short term changes in groundwater 
contaminants related to waste site remediation; (3) modeling results predicting that it will take a long time for the 
hexavalent chromium plume to attenuate; and (4) the level of risk associated with variable contaminant 
concentrations in Columbia River pore water. To address these uncertainties, a change was initiated in TPA Milestone 
M-015-74 and the RI/FS Work Plan and SAP were amended (TPA-CN-558 and TPA-CN-559). The following tasks are 
planned for 2013 through 2015: 

1. Install a series of shallow aquifer tubes to monitor Columbia River pore water. 
2. Monitor hexavalent chromium in pore water for 2 years to identify seasonal changes and characterize the 

level of risk to aquatic receptors. 
3. Install between 7 and 11 new wells to characterize the geology and vertical distribution of contaminants in 

areas of uncertainty. The wells are planned in pairs to increase vertical monitoring capability. 
4. Monitor groundwater for 2 years and evaluate (a) the nature and extent of hexavalent chromium 

contamination, (b) groundwater model input parameters, and (c) which natural attenuation processes are 
occurring. 
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Map BC.2 100-BC 2012 Sampling Locations  
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100-BC Hexavalent Chromium 
Sources of hexavalent chromium included cribs near the reactor buildings, trenches and retention basins near the 
Columbia River, and pipelines from the reactor buildings to the near-river facilities. Other chromium sources were the 
100-C-7 and 100-C-7:1 sites in the south, and the 100-B-27 sodium dichromate spill site in the northwest. Movement 
of chromium in 100-BC groundwater is influenced by differences in permeability in the Hanford formation and the 
underlying Ringold unit E. In most of 100-BC, the top of the aquifer includes 1 to 6 meters of the Hanford formation. 
In northernmost 100-BC, the Hanford formation is unsaturated. Groundwater moves through the saturated Hanford 
sediments more rapidly than through Ringold unit E.  

The hexavalent chromium plume with concentrations greater than 10 μg/L covers a large area at relatively low 
concentrations (Map BC.5). The plume map illustrates distribution in the upper part of the aquifer, based on annual 
average concentrations. In some parts of western 100-BC, concentrations are higher in the lower part of the aquifer 
(for example, wells 199-B5-5 and 199-B2-16).  

A notable change in the chromium plume in 2012 was an increase in concentration in the Hanford formation 
downgradient of the 100-C-7:1 waste site (well 199-B4-14 [Figure BC.3]) and subsequently at points farther 
downgradient (199-B8-9 [Figure BC.3], 199-B4-7, 199-B4-8, and 199-B5-2 [Figure BC.4]). Concentrations in 
groundwater are expected to decline now that the sources of contamination have been removed. The plume map 
includes estimated concentrations (50 µg/L) at the locations of decommissioned wells 199-B8-7 and 199-B8-8 to 
simulate the source of the plume mobilized by excavation of the 100-C-7 and 100-C-7:1 waste sites.  

Another change in the chromium plume in 2012 was the movement of the western boundary toward the east as 
clean groundwater flowed in from the west in the upper part of the aquifer. Concentrations dropped in well 199-B5-1 
in 2012 and had previously declined in 199-B2-13 and 199-B8-6 (Figure BC.5), farther west. Chromium trends are 
more stable in wells screened in Ringold Formation unit E, which is less permeable than the Hanford formation 
(199-B5-5, 199-B5-6, and 199-B3-47 [Figure BC.6]). Hexavalent chromium concentrations in 100-BC aquifer tubes 
ranged from below detection limits to 44 µg/L in 2012 and are generally increased from 2011 to 2012.  Over the long 
term, aquifer tube concentrations have generally declined. 

The apparent growth of the hexavalent chromium plume since 2003 (Map BC.3) is a result of incorporating data from 
new wells that better defined the plume. 
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Map BC.3 100-BC 2012 Hexavalent Chromium Plume  
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Figure BC.3 100-BC Hexavalent Chromium Data for wells 199-B4-14 and 199-B8-9 

 

Figure BC.4 100-BC Hexavalent Chromium Data for wells 199-B4-7, 199-B4-8, and 199-B5-2 
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Figure BC.5 100-BC Hexavalent Chromium Data for wells 199-B2-13, 199-B5-1, and 199-B8-6 

 

Figure BC.6 100-BC Hexavalent Chromium Data for wells 199-B5-5, 199-B5-6, and 199-B3-47 
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100-BC Strontium-90 
 Liquid effluent containing strontium-90 was disposed to cribs near the reactor buildings and to cribs, trenches, and 
retention basins in northeastern 100-BC. Map BC.4 shows an interpretation of the plume based on annual average 
concentrations. Concentrations ranged from below detection limits to 39 pCi/L, similar to previous years. 

Figure BC.7 shows the strontium-90 
trends in northern 100-BC near 
some of the former contaminant 
sources: 199-B3-47 near the 
116-B-11 Retention Basin and 
116-B-14 Trench; 199-B3-1 near the 
116-B-1 Trench; and 199-B3-46 near 
the 116-C-1 Trench. These sites have 
been remediated, although a 
borehole near the 116-B-14 Trench 
detected low levels of strontium-90 
in the vadose zone. This site is not 
considered significant as a source of 
strontium-90 to groundwater 
relative to other waste sites that 
received larger volumes of liquid 
waste (Section 4.2 of DOE/RL-2010-
96). The highest concentrations in 
groundwater are approximately four 
times the drinking water standard, 
and concentrations have declined 
since the 1990s.  

In central 100-BC, strontium-90 concentrations returned to normal levels in 2012 after two years of unusually low 
concentrations (Figure BC.8). The cause of the decline is unknown. 

Groundwater samples collected during 
drilling indicate that strontium-90 
contamination in 100-BC groundwater 
is limited to the upper portion of the 
unconfined aquifer. Strontium-90 
concentrations in well 199-B3-51, 
screened at the bottom of the aquifer, 
are below detection limits, while 
adjacent well 199-B3-47, screened at 
the water table, has concentrations 
above the drinking water standard.  

Strontium-90 concentrations in four 
100-BC aquifer tubes exceed the 
drinking water standard. The highest 
concentrations are in the shallow or 
mid-depth tubes, reflecting the 
distribution in the aquifer. 

.  

 

Figure BC.7 100-BC Strontium-90 Data for wells 199-B3-1, 199-B3-46, and 
199-B3-47 

Figure BC.8 100-BC Strontium-90 Data for wells 199-B4-1, 199-B4-4, and 
199-B5-2 
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Map BC.4 100-BC 2012 Strontium-90 Plume 
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100-BC Tritium 
Tritium was present in effluent discharged to former cribs near the B Reactor and near the Columbia River. 
The former 118-B-1 Burial Ground in southwestern 100-BC was another source of contamination. All of these waste 
sites have been remediated. 

Tritium is distributed in two plumes in 100-BC at concentrations above the drinking water standard (Map BC.5). The 
northern plume has shrunk over the years and, in 2012, only one well (199-B3-47) and one aquifer tube (06-M) had 
concentrations above the standard (Figure BC.9). 

Tritium concentrations in a portion of southern 100-BC are interpreted as exceeding the drinking water standard, 
although no wells had 2012 averages above the standard within the southern tritium plume area. The source of the 
plume was likely the 118-B-1 Burial Ground in southwestern 100-BC. The site was remediated between 2004 and 
2007, and concentrations in nearby well 199-B8-6 began to decline soon after that (Figure BC.10). To estimate the 
distribution of this plume in 2012, the 2010 measured concentrations from decommissioned wells 199-B8-7 and 199-
B8-8 (28,000 pCi/L in both wells) were simulated to have migrated toward the northeast (concentrations denoted as 
“MIG” on the map). 

Like the chromium plume in southern 100-BC, tritium appears to be migrating rapidly toward the east and northeast 
through the Hanford formation sediments. Trend plots show a succession of tritium arrival peaks in 199-B8-6 (near 
the source), 199-B8-8 (600 meters east), and 199-B8-9 (900 meters east) (Map BC.5). At lower concentrations, 
increasing tritium trends are also evident in southeastern 100-BC (199-B9-2 and 199-B9-3 [Figure BC.11]) and central 
100-BC (199-B4-4, 199-B4-7, and 199-B4-8 [Figure BC.12]).  

Vertical characterization data from wells drilled in 2009 and 2010 indicate that tritium concentrations decrease with 
depth in the aquifer in most locations (DOE/RL-2010-96). 

 

 

  



DOE/RL-2013-22, Rev. 0 
August 2013 

Page BC-14 

 
Map BC.5 100-BC 2012 Tritium Plume 
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Figure BC.9 100-BC Tritium Data for well 199-B3-47 and aquifer tube 06-M 

 
Figure BC.10 100-BC Tritium Data for wells 199-B8-6, 199-B8-8, and 199-B8-9 
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Figure BC.11 100-BC Tritium Data for wells 199-B9-2 and 199-B9-3 

 
Figure BC.12 100-BC Tritium Data for wells 199-B4-4, 199-B4-7, and 199-B4-8 
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