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This O&M plan presents information based on the system design in calendar year 20172019. Information 
on previous system design, project history, and remedial performance is provided in the annual summary 
reports for P&T operations. The following reports summarize operations for the DX and HX 
P&T systems: 

• DOE/RL-2011-25, Calendar Year 2010 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump-and-Treat Operations and 100-NR-2 Groundwater Remediation 

• DOE/RL-2012-02, Calendar Year 2011 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump-and-Treat Operations, and 100-NR-2 Groundwater Remediation 

• DOE/RL-2013-13, Calendar Year 2012 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump-and-Treat Operations, and 100-NR-2 Groundwater Remediation 

• DOE/RL-2014-25, Calendar Year 2013 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump-and-Treat Operations, and 100-NR-2 Groundwater Remediation 

• DOE/RL-2015-05, Calendar Year 2014 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump and Treat Operations, and 100-NR-2 Groundwater Remediation 

• DOE/RL-2016-19, Calendar Year 2015 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump and Treat Operations, and 100-NR-2 Groundwater Remediation 

• DOE/RL-2016-68, Calendar Year 2016 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump and Treat Operations, and 100-NR-2 Groundwater Remediation 

• DOE/RL-2017-67, Calendar Year 2017 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump and Treat Operations, and 100-NR-2 Groundwater Remediation 

• DOE/RL-2018-67, Calendar Year 2018 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump and Treat Operations, and 100-NR-2 Groundwater Remediation. 

• DOE/RL-2019-67, Calendar Year 2019 Annual Summary Report for the 100-HR-3 and 100-KR-4 
Pump and Treat Operations, and 100-NR-2 Groundwater Remediation. 

This plan will be updated or revised when relevant or substantive changes are made to the operating 
system or supporting primary documents that affect the project. 

1.1 Remedy Description 
The primary remedy for the 100-HR-3 Groundwater OU is removal of Cr(VI) from groundwater using 
P&T technology. Under the interim action ROD, the HR3 and DR5 P&T systems were installed to prevent 
discharge of Cr(VI)-contaminated groundwater to the Columbia River to protect the river through 
hydraulic containment and mass removal. Co-contaminants were noted to be present in the groundwater, 
and potentially extracted through the P&T systems; however, the ion exchange (IX) resin system targets 
chromium for removal. The system was not expected to remove other potential co-contaminants 
(strontium-90 and tritium). To improve the effectiveness of the remedy, the older systems were replaced 
with the larger DX and HX systems. P&T remains the remedy for contaminated groundwater at 
100-HR-3 OU. Further system improvements will be consistent with the current RD/RAWP and the 
2018 ROD.  



DOE/RL-2013-49, REV. 1 

1-5 

1.1.1 Initial Pump and Treat System Description 
The HR3 P&T system began operation in July 1997, with an initial configuration of five extraction wells 
located in the 100-H Area. In August 1997, an additional four wells were added in the 100-D Area for a 
total of nine extraction wells. The 100-D Area extraction wells connected to the HR3 P&T system were 
located in the northern plume of the 100-D Area. Extracted groundwater was transferred through an 
aboveground pipeline to a treatment building in the 100-H Area. Cr(VI) was removed from the extracted 
groundwater using a metal anion-exchange resin system. Treated water was then discharged to three
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Numerical modeling was used to simulate groundwater flow conditions and assess preliminary well 
locations and pumping rates to meet the RAOs for Cr(VI) using the new expanded P&T systems. The initial 
modeling analysis supported installation of 70 additional extraction and injection wells. These wells are 
located mainly in the Horn area, north of 100-H, to capture the low concentration dispersed plume that has 
migrated northeast from 100-D. 

Continuing modeling analysis has been used to make improvements to P&T system. Figure 1-2 shows the 
general well network for the DX and HX P&T systems and the location of the DX and HX facilities as of 
the end of 20172019. Figures 1-3 and 1-4 present the DX and HX system diagrams as of December 31, 
20172019. These figures are updated yearly and included in the annual pump and treat reports. Each 
network includes selected extraction and injection wells from the original HR3 and DR5 systems, selected 
monitoring wells converted for use as extraction and injection wells, and additional extraction and 
injection wells constructed in response to ongoing remedial process optimization assessments. 
Information obtained during installation of wells is used to update the conceptual site model. Extraction 
and injection well configurations are modified when it is determined to be beneficial to the cleanup 
progress.  

Each P&T system consists of an extraction well network, water conveyance system, transfer building(s), a 
treatment building, and an injection well network. Water is pumped from the extraction wells either 
directly to the treatment building or to a transfer building. Extraction water going to a transfer building 
goes into an influent tank, where it is used to provide a consistent feed source to the treatment building via 
pipeline. The DX system transfer building #2 contains a transfer influent tank and a transfer effluent tank. 
Extracted water from the transfer buildings is routed to the influent tanks in the treatment buildings. After 
treatment, the treated water is routed to the effluent tanks and then returned to the aquifer through the 
injection well network, or, in the case of DX transfer building #2, to the transfer building and then to the 
injection well network. A simplified diagram of the treatment system is presented in Figure 1-5. 
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Figure 1-2. Layout of the DX and HX Systems and Wells for the 100-HR-3 Operable Unit as of December 31, 20172019
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Figure 1-3. DX Pump and Treat System Schematic, as of December 31, 2017DX P&T System Schematic (as of December 2019)
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Figure 1-4. HX Pump and Treat System Schematic, as of December 31, 2017HX P&T System Schematic (as of December 2019) 
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Cr(VI) is removed from extracted groundwater using IX technology. After successful testing of 
ResinTech® SIR-700 resin at the KW P&T in the 100-KR-4 OU, it is now being used in the all of the 
100Area P&T systems. Test results are documented in SGW-51721, 100-KW Pump and Treat ResinTech 
SIR-700 Test Results and Recommendations for Use Across 100-KR-4 Operable Unit. ResinTech SIR-700 
is a weak base anion exchanger with high selectivity and capacity for chromate and dichromate ions. 
The pH of the influent water is adjusted to less than 7.0 pH units by controlled addition of 93 wt% 
sulfuric acid. Adjusting the groundwater pH to less than 7.0 increases the efficiency of ResinTech 
SIR-700 resin. The pH is of the influent water is adjusted to a target range of 4.5 to 7.5 pH to allow for 
variation in Cr(VI) concentration in the influent water. Under normal operating conditions, the influent is 
adjusted at a pH of 6.5 to 7.0.  
As shown on Figure 1-5, the DX P&T system has piping for six IX trains. The original arrangement, 
which is shown in Figure 1-5, consisted of four vessels, with a lead, two lag, and one polish vessel. 
This configuration is used when there are elevated Cr(VI) concentrations in the influent. Due to system 
modifications to increase the system through-put, each IX train can be configured to run with either one, 
two, three, or four treatment vessels in series (as shown) or split flow (two groups of two treatment 
vessels each). Under the typical two-vessel configuration, which can be used when influent 
concentrations are low, there is only a lead and a polish vessel. Sample ports located after each column in 
the IX train are used to monitor the treatment efficiency of the individual resin vessels, as well as the 
overall process. The HX P&T system has piping for eight IX trains that can be configured in a similar 
manner. 
Following IX treatment, treated water is collected in the effluent tank. In the effluent tank, pH of the 
treated water is adjusted to a target of 6.5 to 8.5 pH units but is generally operated at a smaller range. 
The pH adjustment is accomplished by the metered addition of less than 50 wt percent sodium hydroxide 
solution to the effluent tank. Level monitors and pH instrumentation monitor this process (Figure 1-5). 
The treated water is pumped to the injection wells (or a second effluent tank at DX) and then to injection 
wells for injection into the aquifer. A sampling port is located downstream of the effluent tank to collect 
effluent water samples. 
The DX and HX systems were initially designed to provide treatment capacities of 2,300 Lpm (600 gpm) 
and 3,000 Lpm (800 gpm), respectively. In fiscal year (FY) 2015, facility modifications increased the 
maximum capacity of each system above the original design (DOE/RL-2015-05). These modifications 
included inlet and outlet headers, control systems, split train operating configurations, and adding resin. 
Under the current system configuration, actual operating capacity exceeds the design capacity. Table 1-2 
summarizes the treatment capabilities and performance over the lifespan of each P&T system through 
December 31, 20172019 (DOE/RL-2015-05DOE/RL-2019-67). 

Table 1-2. 100-HR-3 OU Pump and Treat Systems Performance Summary 
System Modified Design 

Capacity 
(Lpm [gpm]) 

20172019 Operating 
Capacity 

(Lpm [gpm]) 

Volume Treated 
(ML [Mgal] as of 

12/31/1719) 

Hexavalent Chromium 
Mass Removed 

(kg [lb] as of 12/31/1719) 

DX 2,900 (775) 3,400 (900) 8,697 (2,298)11,420 
(3,017) 

1,577 (3,477)1,631 (3,596) 

HX 3,400 (900) 4,540 (1,200) 7,796 (2,060)10,202 
(2,695) 

169.6 (374)227 (500.4) 

 
® ResinTech is a registered trademark of ResinTech Inc., West Berlin, New Jersey. 
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Table 1-3 shows the 100-HR-3 OU P&T system extraction and injection wells as of December 31, 
20172019.  

Table 1-3. 100-HR-3 OU Pump and Treat System Wells (20172019) 
DX Extraction Wells HX Extraction Wells 

199-D4-14 199-D5-153 199-H1-1 199-H3-21 
199-D4-34 199-D5-154 199-H1-2 199-H3-22* 
199-D4-38 199-D5-159 199-H1-4 199-H3-25 
199-D4-39 199-D7-3 199-H1-32 199-H3-26 
199-D4-83 199-D7-6 199-H1-33 199-H3-28* 
199-D4-84 199-D8-53 199-H1-34 199-H3-29* 
199-D4-85 199-D8-55 199-H1-35 199-H4-4 
199-D4-95 199-D8-68 199-H1-36 199-H4-12C* 
199-D4-96 199-D8-69 199-H1-37 199-H4-15A 
199-D4-97 199-D8-73 199-H1-38 199-H4-63 
199-D4-98 199-D8-88 199-H1-39 199-H4-64 
199-D4-99 199-D8-89 199-H1-40 199-H4-69 

199-D4-101 199-D8-90 199-H1-42 199-H4-70 
199-D5-20 199-D8-91 199-H1-43 199-H4-74 
199-D5-32 199-D8-95 199-H1-45 199-H4-75 
199-D5-34 199-D8-96 199-H1-46 199-H4-76 
199-D5-39 199-D8-97 199-H1-47 199-H4-77 
199-D5-92 199-D8-98 199-H1-48 199-H4-86 

199-D5-101 199-D8-99 199-H1-49 199-H4-92 
199-D5-103 199-H1-5 199-H3-2C* 199-H4-93 
199-D5-104 199-H4-80 199-H3-4 199-H5-16 
199-D5-127 199-H4-81 199-H3-9* 199-H6-2 
199-D5-130 199-H4-82 HX Injection Wells 
199-D5-131 699-97-61* 199-H1-6 199-H4-72 
199-D5-146  199-H1-12 199-H4-73 

DX Injection Wells 199-H1-20 199-H4-78 
199-D5-108 199-D6-1 199-H1-21 199-H4-79 
199-D5-111 199-D6-2 199-H1-25 199-H6-7 
199-D5-128 199-D7-4 199-H1-27 199-H6-8 
199-D5-129 199-D7-5 199-H3-27 699-90-45B 
199-D5-148 199-H1-5 199-H4-17 699-95-45B 
199-H4-82 699-90-47B 199-H4-18 699-97-47C 
699-93-48C  199-H4-71  

*Well completed in Ringold Formation upper mud first water bearing unit 
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Flow rates are typically measured during operations using inline flow meters in extraction and injection 
wells and in the treatment plant influent piping. The totalizer information is transmitted to the SCADA 
system, which automatically controls pumps and valves, as needed, to optimize flow rates, with overall 
flow parameters set and monitored by the system operators. The measured pressures are also recorded, 
which can be used to identify an unusual drop in system pressure that might indicate a leak. 
During P&T system operations, groundwater elevation data are collected from the system well network by 
water level pressure transducers. The water level data are used to control extraction rates and injection rates 
and assess the need to rebalance flow rates to optimize capture zone boundaries. Sitewide water level data 
are integrated with water level data from the P&T system to construct groundwater elevation contour 
maps for evaluating groundwater flow directions, hydraulic gradients, and hydraulic capture and flow 
control. 
Water levels are continuously monitored in extraction wells, based on height above the pump intake. 
Injection well levels are monitored continuously as depth below ground surface, and controlled to ensure 
the water level is kept at, or below, a set point elevation based on the individual well construction. These 
measurements are relayed to PLCs where the information is used to control pumps and valving in order to 
maintain efficient system operation. Control limits are set for the PLCs to prevent extraction well pumps 
from running dry and injection wells from flooding to the ground surface. 

4.2 Treatment Process Water Monitoring 
Treatment process water monitoring includes collecting water samples from the extraction wells, influent 
tanks, IX resin vessels, and effluent tanks to measure Cr(VI) concentrations through the treatment process 
to ensure that the system is operating as expected. Data are also used to assess Cr(VI) removal efficiency 
and the need for IX resin change out. Data collected from extraction wells and effluent tanks also provide 
information to use in performance monitoring and process optimization. 
Figure 1-5 presents a schematic of the treatment system showing the sampling locations for the influent 
tanks, IX resin vessels, and effluent tanks. Extraction well samples are collected from a port located 
downstream of the extraction line filter. Effluent tank samples provide characterization of Cr(VI) 
concentrations at the completion of treatment prior to reinjection at the injection wells. 
Treatment process water samples are collected and analyzed by system operators using field test kits at 
the P&T facility, as summarized in Table 3-3. A summary of the method is provided in Section 4.2.1. 
Table 4-2 summarizes frequency for treatment process water Cr(VI) monitoring. In addition to the 
treatment process water monitoring, performance monitoring (as described in the 100-HR-3 SAP 
[DOE/RL-2013-30]) analyzes groundwater samples at the laboratory using EPA Method 7196 (SW-846) 
for Cr(VI). 

Table 4-2. Treatment Process Water Monitoring for Hexavalent Chromium 
Parameters Location Data Use Frequency 

Hexavalent 
Chromium  

Extraction wells Monitor remedy performance and transient 
conditions 

Monthly 

Hexavalent 
Chromium 

Influent/effluent tanks, 
ion exchange resin 
vessels 

Monitor ion exchange resin performance 
and mass removal; demonstrate discharge 
requirements achievement 

Weekly 

Hexavalent 
Chromium 

Ion exchange resin 
vessels 

Monitor IX resin performance and mass 
removal 

Monthly* 

* IX resin vessels may be sampled more frequently as needed or requested by Operations Supervisor 
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