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1 Introduction 

The purpose of this technical memorandum is to document that Performance Measure PM-30-5-16 

has been met through successful completion of the following objective and completion criteria: 

 Objective: “Complete Stage A 300-FF-5 uranium sequestration injections by March 31, 2016.”

 Completion Criteria: “By March 31, 2016, complete the Stage A 300-FF-5 uranium sequestration

injections. Provide technical memo documenting completion of injections with supporting

documentation from log books and field data sheets.”

2 Remedial Design Report/Remedial Action Work Plan (RDR/RAWP) 
Design Parameters 

The enhanced attenuation using the uranium sequestration component of the groundwater remedy 

involves infiltrating and injecting phosphate solutions to the vadose zone and periodically rewetted 

zone (PRZ) to sequester, or bind, residual mobile uranium to form insoluble minerals. The target area 

for application of the phosphate solutions is a 1 ha (3 ac) area containing a persistent source of 

uranium contamination to groundwater. Phosphate will be injected into the top of the aquifer to 

mitigate potential impacts to the aquifer from uranium that may be carried downward during 

phosphate application in the vadose zone. 

Uranium sequestration will be implemented using a staged approach. Stage A will consist of 

performing infiltration/injection in one quadrant of the Enhanced Attenuation Area (EAA), covering 

approximately 0.3 ha (0.75 ac).
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Phosphate will be introduced into the vadose zone using buried irrigation drip line or perforated 

piping. Injection wells will be used for injecting phosphate into a zone spanning the PRZ and top of 

the aquifer. The top of aquifer treatment zone will be in place during phosphate infiltration and 

maintained for a short period afterwards to possibly react with uranium that leaches into groundwater 

as a result of the phosphate solution applied to the vadose zone. 

Phosphate injections will be performed when groundwater conditions are favorable (e.g., during 

lower river stages). The application in the PRZ will be scheduled to maximize phosphate contact with 

the PRZ when the PRZ is unsaturated. A detailed description of the approach is provided in 

DOE/RL-2014-13-ADD2, Remedial Design Report/Remedial Action Work Plan Addendum for the 

300 Area Groundwater (hereinafter called the remedial design report/remedial action work plan 

[RDR/RAWP]). Specific details are provided in Section 4.1.2.1 of the RDR/RAWP, and phosphate 

design elements are described in the following subsections. 

2.1 Phosphate Infiltration Design Elements 

 Conduct continuous (24 hours per day) operation over the 0.3 ha (0.75 ac) Stage A treatment area

for the estimated 5 day infiltration period.

 Monitor the advancement of the infiltration wetting front real time using electrical resistivity

tomography (ERT).

 Adjust infiltration rates to maximize the contact time of phosphate solution in the vadose zone

during the estimated 5 day infiltration period while minimizing the potential for flushing

phosphate solution too quickly through the vadose zone and PRZ.

2.2 Phosphate Aquifer Injection Design Elements 

 Conduct phosphate injections into the nine Stage A aquifer injection well screens intermittently

over approximately 7 days.

 Initiate injections the day before beginning phosphate infiltration, resume during infiltration, and

conclude the day after finishing phosphate infiltration to establish a layer of phosphate in

groundwater below the infiltration area to remediate uranium that may be flushed to groundwater

during infiltration operations.

 Conduct phosphate injections into the nine Stage A aquifer well screens. Injections into at least

six wells at a time, during daytime hours, while varying the locations of the six wells being

injected over the 7 days to maximize the distribution of phosphate in groundwater below the

infiltration area.

2.3 Phosphate PRZ Injection Design Elements 

 Conduct phosphate injections into the nine Stage A PRZ injection well screens over

approximately 3 days after completing infiltration, when moisture content in the PRZ will be

maximized from infiltration activities.

 Conduct PRZ injections into at least six wells at a time during daytime hours.
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2.4 Phosphate Concentrate Design Element 

Built into each treatment method (infiltration and injection) are the phosphate concentration and 

phosphate mass design elements. Monosodium phosphate and pyrophosphate solutions are mixed 

with river water at target ratios and delivered for infiltration and injection. RDR/RAWP 

(DOE/RL-2014-13-ADD2) Tables 3-2 and 3-4, respectively, provide the phosphate reagent 

formulation parameters. Table 1 shows the target treatment concentrations along with target total 

volumes for each treatment method based on the assumed flow rates and schedule presented in 

Table 4-3 of the RDR/RAWP. Multiplying the chemical concentration by the target total volume 

gives the chemical mass to be delivered to the treatment area. This is the key design parameter of the 

Stage A enhanced attenuation. 

Table 1. Uranium Sequestration Stage A Design Summary 

Design Parameter Infiltration PRZ Injection Aquifer Injection 

Chemical Concentration (mg/L) 

Monosodium Phosphate 

Pyrophosphate 

5,699 

665 

9,409 

1,097 

9,409 

1,097 

Target Total Volume (L) 3,679,420 1,635,298 1,635,298 

Chemical Mass (kg) 

Monosodium Phosphate 

Pyrophosphate 

20,969 

2,447 

15,387 

1,794 

15,387 

1,794 

3 Operational Completion Summary 

Installation of the treatment system occurred between June 2015 and October 2015. Installation 

commenced with drilling 9 injection wells and 30 monitoring wells from June through mid-August. 

Well drilling was followed by installation of the infiltration system during the last half of August. 

The infiltration system consists of a network of high-density polyethylene drip lines installed 

approximately 1.8 m (6 ft) below ground. Emitters rated at 8 L (2 gal) per hour were welded to the 

inside of the tubing. The drip lines were spaced 2 m (6.5 ft) apart, resulting in a total of 44 lines 

aligned southeast to northwest. During September and October, the mixing skids, chemical tanks, 

river pumps, power supplies, aboveground hoses, and all other required infrastructure were assembled 

and tested prior to initiating treatment. Figure 1 shows the layout of the infiltration system, injection 

wells, and monitoring wells in the 0.3 ha (0.75 ac) Stage A EAA. 
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Figure 1. Installation of the Stage A EAA Wells and Infiltration System 
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The operational period for uranium sequestration Stage A infiltration and injections was November 6, 

2015, through November 18, 2015. The daily operational activities are summarized in Table 2. 

Table 2. Uranium Sequestration Stage A Operational Summary 

Operational Day 

(Date) 

Aquifer Injection 

(Wells)* 

PRZ Injection 

(Wells)* 

Infiltration Rate 

Achieved (gal/min) 

Injection Rate 

Achieved (gal/min) 

1 (Nov. 6) 1-89, 1-90, 1-91, 1-92, 

1-93, 1-94 

--- --- 300 

2 (Nov. 7) --- --- 56 --- 

3 (Nov. 8) --- --- 56 --- 

4 (Nov. 9) 1-92, 1-93, 1-94, 1-95, 

1-96, 1-97 

--- 56 300 

5 (Nov. 10) --- --- 56 --- 

6 (Nov. 11) --- --- 83 --- 

7 (Nov. 12) --- --- 80 --- 

8 (Nov. 13) --- --- 80 --- 

9 (Nov. 14) --- --- 80 --- 

10 (Nov. 15) --- --- 80 --- 

11 (Nov. 16) 1-95, 1-96, 1-97, 1-89, 

1-90, 1-91 

1-89, 1-90, 1-91, 1-92, 

1-93, 1-94 

--- 300 

12 (Nov. 17) --- 1-92, 1-93, 1-94, 1-95, 

1-96, 1-97 

--- 300 

13 (Nov. 18) --- 1-95, 1-96, 1-97, 1-89, 

1-90, 1-91 

--- 300 

* All wells begin with “399-”.

The following subsections compare operational performance to the design parameters of the 

RDR/RAWP (DOE/RL-2014-13-ADD2). All flow rates, flow volumes, and mixing rates were 

monitored and recorded by operations personnel. The injection and infiltration data sheets can be 

found in Appendix A and Appendix B, respectively. The operating logbook, found in Appendix C, 

contains information related to the operational schedule, shift changes, and maintenance activities.  

3.1 Infiltration Completion Evaluation 

Based on groundwater conductivity data and ERT imaging collected during Stage A operations, the 

infiltration design elements were achieved. Infiltration commenced on November 7, 2015, and 

concluded on November 15, 2015.  

Because actual infiltration network flow rates were lower than originally planned, the period for 

infiltration was extended from 5 days to 9 days of 24 hour operations to deliver the target mass of 

polyphosphate chemicals. Groundwater conductivity data collected from PRZ and aquifer 
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piezometers and ERT imaging showed that chemical concentration and distribution goals were met 

with lateral spread of phosphate solution throughout the treatment area and complete vertical 

migration of the solution through the vadose zone to groundwater.  

Groundwater conductivity data collected during infiltration and initial aquifer injections from PRZ 

and aquifer piezometers, presented in Figure 2, show a sustained increase in conductivity over most 

of the Stage A area after approximately 4 days. Aquifer injections conducted on operational days 1 

and 4 make it difficult to conclude that the phosphate solution wetting front had reached the PRZ, 

based on evaluation of conductivity alone. However, due to the sustained increase in conductivity in 

most wells after day 5, along with ERT imaging shown in Figure 3, the wetting front was observed to 

reach the PRZ at this time. Groundwater samples were collected daily during operations from 7 

monitoring wells with the exception of on operational day 8, due to resource availability constraints. 

Figure 2 shows no data for this day. 

Figure 2. Conductivity Measured in Monitoring Wells during Operations 

Figure 3 provides ERT imaging for infiltration days (1, 4, 5, and 9). The color scale represents the 

change in electrical conductivity (EC) of the subsurface compared to pretreatment conditions 

(Infiltration Day 1). The phosphate amendment is highly electrically conductive and causes a large 

increase in EC upon application. Color progression from blue to red in the ERT images represent an 

increase in EC caused by the presence of phosphate solution. Though difficult to distinguish in Figure 3, 

the groundwater is fairly static at 105 m (344.5 ft) above mean sea level. Images show phosphate 

solution intruding on the water table on day 4. This is represented where light blue and green colors 

approach a sharp horizontal line where the colors changes seem to stop. The phosphate solution 

infiltration progressed for an additional 5 days to increase the moisture content of PRZ sediments. No 

change in EC was expected to be measured with ERT below the top of the water table due to decreasing 

resolution with depth and the high dilution rate as treatment solutions disperses into the aquifer 

however, as observed on the left side of the image (western treatment area) noticeable changes in EC 

were detected into the aquifer. Further discussion and analysis of the ERT monitoring will be provided 

in the Stage A Performance Report. 
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Figure 3. ERT Imaging of Phosphate Solution Migration through the Vadose Zone to Groundwater 

Table 3 summarizes the Stage A infiltration chemical solution design parameters along with 

concentrations, volumes, and chemical mass delivered during operations. Calculations for chemical 

concentrations observed during operations (shown in Table 3) were based on starting concentration of 

each treatment solution as reported by the chemical vendor, multiplied by a dilution factor from 

mixing with river water. 

Table 3. Stage A Infiltration Solution and Treatment Summary 

Treatment Solution Stage A Operations Design Parameter 

Monosodium 

Phosphate Infiltration 

Concentration (mg/L) 

6,454 5,699a 

Pyrophosphate 

Infiltration 

Concentration (mg/L) 

757 665a 

Total Volume (L) 3,338,555 3,679,420b 

Monosodium 

Phosphate Mass 

Infiltrated (kg) 

21,547 20,969 

Pyrophosphate Mass 

Infiltrated (kg) 
2,527 2,447 

a. DOE/RL-2014-13-ADD2, Table 3-2.

b. DOE/RL-2014-13-ADD2, Table 4-3.
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As shown in Table 3, the amount of phosphate that was delivered to the subsurface through 

infiltration exceeded the design parameters. This information, along with the supporting conductivity 

data and ERT imaging, demonstrates that the Stage A infiltration objectives have been met.  

3.2 Aquifer Injection Completion Evaluation 

The sequencing of the Stage A aquifer injections specified in the RDR/RAWP 

(DOE/RL-2014-13-ADD2) was to inject phosphate solution into the aquifer at least 1 day before, 

during, and after the phosphate infiltration period to establish a layer of phosphate in groundwater 

below the infiltration area to attempt to capture uranium that may be flushed to groundwater during 

infiltration operations. 

Based on the operational schedule summarized in Table 2, the Stage A aquifer injection objective was 

achieved. As shown in Table 2, aquifer injections were conducted on operational day 1, the day prior 

to the start of infiltration; on operational day 4, the third day of infiltration; and on operational day 11, 

the day after infiltration was completed. 

Table 4 summarizes the Stage A aquifer injection chemical solution concentrations and volumes 

achieved during operations and the design specification concentration and volumes. Calculations of 

chemical concentrations observed during operations (shown in Table 4) were based on starting 

concentration of each treatment solution as reported by the chemical vendor, multiplied by a dilution 

factor from mixing with river water. Chemical mass injection goals were exceeded. 

Table 4. Stage A Aquifer Injection Solution and Treatment Summary 

Treatment 

Compound Stage A Operations Design Parameter 

Monosodium 

Phosphate Aquifer 

Injection 

Concentration (mg/L) 

9,747 9,409a 

Pyrophosphate 

Aquifer Injection 

Concentration (mg/L) 

1,109 1,097a 

Total Volume (L) 1,681,650 1,635,298b 

Monosodium 

Phosphate Mass 

Infiltrated (kg) 

16,391 15,387 

Pyrophosphate Mass 

Infiltrated (kg) 
1,865 1,794 

a. DOE/RL-2014-13-ADD2, Table 3-4.

b. DOE/RL-2014-13-ADD2, Table 4-3.

3.3 PRZ Injection Completion Evaluation 

Based on the operational schedule summarized in Table 2, the Stage A PRZ injection objectives were 

achieved. PRZ injections were conducted over a 3 day period after infiltrations were completed. 
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The infiltrated phosphate solution had penetrated the PRZ sediments for approximately 5 days prior 

to the initiation of PRZ injections, so moisture content was maximized during injections. 

Table 5 summarizes the Stage A PRZ injection chemical solution concentrations and volumes 

achieved during operations and the design specification concentrations and volumes. Calculations of 

chemical concentrations observed during operations (shown in Table 5) were based on starting 

concentration of each treatment solution as reported by the chemical vendor, multiplied by a dilution 

factor from mixing with river water. Chemical mass injection goals were exceeded. 

Table 5. Stage A PRZ Injection Solution Concentrations and Volumes 

Treatment Compound Stage A Operations Design Parameter 

Monosodium Phosphate 

PRZ Injection 

Concentration (mg/L) 

9,742 9,409a 

Pyrophosphate PRZ 

Injection Concentration 

(mg/L) 

1,085 1,097a 

Total Volume (gallons) 1,792,638 1,635,298b 

Monosodium Phosphate 

Mass Infiltrated (kg) 
17,464 15,387 

Pyrophosphate Mass 

Infiltrated (kg) 
1,945 1,794 

a. DOE/RL-2014-13-ADD2, Table 3-4.

b. DOE/RL-2014-13-ADD2, Table 4-3.

4 Conclusions 

Stage A EAA treatment occurred over 13 days of operations from November 6, 2015, through 

November 18, 2015. Operations were initiated by injection into the aquifer on day 1, followed by 

10 days of continuous infiltration during which a second aquifer injection was accomplished. 

ERT imaging and sustained increases to groundwater conductivity confirmed that infiltration solution 

had reached the PRZ and aquifer by the fifth day of infiltration. Infiltration was continued for 

5 additional days to deliver the required amount of chemical to the vadose zone and to ensure that 

PRZ moisture content was maximized prior to injection into the PRZ. Directly following the 

conclusion of infiltration, the final aquifer injection commenced and was followed by 3 days of 

injections into the PRZ. 

Target treatment mass of phosphate compounds of 20,969 kg for infiltration, 15,387 kg for PRZ 

injection, and 15,387 kg, prescribed in the RDR/RAWP (DOE/RL-2014-13-ADD2) for aquifer 

injection, was met during Stage A operations. This memorandum documents the completion of Stage 

A 300-FF-5 Operable Unit uranium sequestration injections. The effectiveness of Stage A uranium 

sequestration will be summarized in the Stage A Performance Report. 
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