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1.0 INTRODUCTION 
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A groundwater pump-and-treat activity is being performed in the 200-UP-1 Groundwater 
Operable Unit under authority of the Hanford Federal Facility Agreement and Consent Order 
(Ecology et al. 1994) (change control form M-13-93-03). The purpose of the pump and treat is 
to contain and treat elevated concentrations of uranium and technetium-99 in the 200-UP-1 
Operable Unit and collect data on aquifer response to the pump and treat. 

The 200-UP-1 pump-and-treat site is located on the north side of the 216-U-17 Crib (Figure 1) irt 
the 200 West Area of the Hanford Site. Detailed site characterization and background 
information on the operable unit and the pump-and-treat activity are provided in DOE-RL 
(1994b) and BHI (1995). 

The pump and treat began operations in March 1994 as a pilot-scale treatability test to assess the 
effectiveness of an ion-exchange treatment system to remove uranium and technetium-99 from 
extracted groundwater (DOE-RL 1994a). Pump-and-treat operations continued through August 
1995, at which time the system was upgraded to increase the flow rate from 57 to 190 L/min, 
consistent with the interim remedial measure (IRM) proposed plan for 200-UP-1 (DOE-RL 
1995a). Wells were installed to provide additional groundwater extraction and reinjection 
capacity, to enhance containment of high concentrations of uranium and technetium-99, and to 
improve aquifer response/remediation monitoring. The upgraded pump-and-treat system, 
referred to as the Phase I system, is expected to continue operating until an IRM record of 
decision is issued and implemented. 

This report summarizes and evaluates treatment, hydrologic, and geochemistry data collected for 
the initial quarter of 200-UP-1 Phase I pump-and-treat operations (September 1995 through 
November 1995). 

2.0 TREATMENT SYSTEM PERFORMANCE 

The following sections provide a summary of the treatment system operations and performance. 
Included is a historical summary of pump-and-treat activities at the 200-UP-1 Operable Unit, a 
description of the Phase I treatment system that is currently operating, and a discussion of 
process monitoring and production information for the first quarter of Phase I operations 
(September 25 through November 30, 1995). 

BHI004S8.W60/A2 1 
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Pilot-scale treatability test operations began in March 1994. Testing was conducted using 
extraction wells (299-Wl 9-23 and 299-Wl 9-24) located near the center of the uranium and 
technetium-99 plume. The water was continuously extracted at approximately 57 Umin, treated 
for uranium and technetium-99, and reinjected approximately 100 m downgradient in well 
299-W19-25. Over 3.9 million liters of water was treated during the treatability test (Table 1). 
Average influent concentrations observed during the initial test were 1,254 µg/L for uranium 
(ranging from 500 to 2,080 µg/L) and 15,027 pCi/L for technetium-99 (ranging from 8,800 to 
20,000 pCi/L). 

T bl 1 200 UP 1 P a e - - dT ump-an - reat s ummary D ata. 

Mass Mass Total Mass Carbon 

Reporting Period Liters Treated 
Technetium-99 Uranium Tetrachloride 

Removed Removed Removed 
(g) (g) (g) 

03/94 through l l/94a 3,898,550 3.41 4,422 Not Reported 

12/94 through 08/95 11 ,391 ,491 7.79 9,831 992 

09/95 through 11/95 17,148,571 3.95 3,895 630 

Total 32,488,612 15.47 18,148 1,622 

aAs reported in DOE-RL (1995b). 

The ~verage treated effluent concentrations were 0.125 µg/L uranium and 142 pCi/L 
technetium-99. An overall contaminant removal efficiency of greater than 99% was achieved for 
both uranium and technetium-99. Liquid-phase granular activated carbon (GAC) treatment was 
added to the pilot-scale treatment system in July 1994 to remove volatile organic compounds 
(VOCs) from the groundwater (VOC removal was not an objective of the test; therefore, VOC 
removal efficiencies were not quantified). Pilot-scale treatability test results are reported in 
DOE-RL (1995b ). 

Treatability testing at 57 Umin continued through August 1995, at which time the pilot-scale 
system was upgraded to a nominal 190-Umin flow rate (referred to as Phase I upgrades). From 
December 1994 through August 1995, over 11 million liters groundwater were treated for 
uranium, technetium-99, and carbon tetrachloride. Influent concentrations for this period ranged 
from approximately 9,000 to 12,000 pCi/L for technetium-99, 700 to 1,000 µg/L for uranium, 
and from 80 to 100 µg/L for carbon tetrachloride (see Appendix A). 

Pump-and-treat operations were suspended from August 17 to September 5 to accommodate 
Phase I construction activities and a large-scale aquifer test. Phase I upgrades included 
modifications to the treatment system to allow semi-automated 24-h/day operations at a nominal 

BHI00458.W60/A2 3 
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190-L/min flow rate: Upgrades also included replacement of the existing extraction and injection 
wells with higher capacity wells. Wells 299-Wl 9-39 and 299-Wl 9-36 were constructed during 
the summer of 1995 and brought on-line to provide a 190-L/min capacity for groundwater 
extraction and injection, respectively. The extraction well was installed on the expected 
downgradient edge of the target plume. The injection well was located on the expected 
upgradient edge of the target plume. An initial capture zone analysis of the Phase I pump-and­
treat system with well locations is shown in Figure 2. An aquifer test was performed from 
September 6 through September 8, 1995, as discussed in Section 3 .2. Pump-and-treat operations 
resumed September 25, 1995, at the 190-L/min flow rate (Phase I operations). 

2.2 PHASE I TREATMENT DESCRIPTION 

An ion-exchange process is used to remove uranium and technetium-99 ions from groundwater 
by adsorption on a solid medium (i.e., resin). Extracted groundwater is filtered and pumped 
through a series of two or more granular resin beds. As groundwater is passed through the resin 
beds, ionic species in the groundwater exchange with ions on the resin and are adsorbed onto the 
surface of the resin. Dowex 21K (a registered trademark of Dow Chemical Company, Midland, 
Michigan) resin is used because ofits demonstrated ability to selectively adsorb uranium and 
technetium-99 (DOE-RL 1995b). 

For the Phase I treatment system, two ion-exchange columns (vessels containing resin beds) in 
series are used at any one time: a lead column for primary removal of contaminants and a polish 
column (Figure 3). When the lead column approaches its adsorptive capacity, breakthrough 
occurs (technetiurn-99 has been the controlling contaminant in establishing breakthrough). At 
that point, the lead column is taken off-line, the polish column becomes the lead column, and a 
new polish column is brought on-line. The off-line column is dewatered and spent resin 
removed; it is then refilled with fresh resin and placed in reserve pending the next breakthrough 
event. 

Following ion-exchange treatment, liquid-phase GAC adsorption is used for removal of carbon 
tetrachloride (Figure 3). GAC adsorption is a unit process that has been demonstrated to 
effectively remove VOCs (e.g., carbon tetrachloride) from groundwater (DOE-RL 1995c). The 
GAC adsorption process transfers carbon tetrachloride from the groundwater onto the surface of 
the GAC via physical and electrochemical attraction. 

The Phase I treatment system utilizes two GAC treatment skids in series, a lead skid for primary 
removal of contaminants and a polish skid (Figure 2). Each skid consists of two columns 
operated in parallel. When breakthrough of the lead skid occurs, the polish skid will be plumbed 
as the lead position while the spent GAC is replaced. After the GAC is replaced, that skid will 
be brought on-line as the polish skid. No breakthrough has occurred to date. 

BHI00458.W60/A2 4 
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Process monitoring is performed to assess contaminant loading on the ion-exchange and GAC 
columns using field-screening analytical techniques. Breakthrough in the lead ion-exchange 
column is monitored on a biweekly basis by sampling both the column influent and effluent and 
comparing the results. Breakthrough is established when the effluent concentrations reach 
approximately 90% of the influent concentrations. The GAC treatment system is sampled on a 
weekly basis. This sampling effort includes an influent, post-lead GAC, and post-polish GAC 
sample. Breakthrough is established when the effluent carbon tetrachloride concentration from 
the lead GAC skid reaches approximately 50% of the influent concentrations. 

Overall treatment efficiency is determined through monthly sampling of the treatment system 
influent (upstream of the influent filters) and effluent streams (downstream of the polish GAC 
column) using U.S. Environmental Protection Agency (EPA 1989) analytical protocols. The 
removal efficiencies are then determined for each of the targeted contaminants (uranium, 
technetium-99, and carbon tetrachloride). Sampling is also performed on the spent ion-exchange 
resin and other process waste streams for waste designation purposes. 

The quantity of groundwater treated is tracked using a flowmeter that monitors the flow rate 
from the extraction well . This flowmeter is equipped with a flow totalizer that provides the 
cumulative volume of water extracted. 

2.4 PHASE I TREATMENT OPERA TIO NS 

The groundwater pump-and-treat system was operated on a near-continuous basis from 
September 25 through November 30, 1995. System availability was greater than 95% (hours 
operating/total hours) for the quarter, exceeding the goal of 80% system availability. The 
volume of groundwater treated and the mass of contaminants removed is summarized in Table 1. 
Table 2 presents the process and efficiency monitoring data for the reporting period. The 
222-S Laboratory and field-screening data were used to monitor for breakthrough in the lead ion­
exchange column. Offsite laboratory data were used to monitor treatment system efficiency. 

A total of 17 .2 million liters of groundwater were treated during this reporting period. 
Technetium-99 influent concentrations increased from approximately 1,750 pCi/L to 5,600 pCi/L 
over the period (Figure 4). Influent uranium concentrations have remained fairly stable ranging 
from 121 to 296 µg/L throughout the period. A slight drop in the uranium influent concentration 
was noted near the end of the reporting period (Figure 5). Carbon tetrachloride levels have 
varied over the reporting period from 39 µg/L to 56 µg/L (Figure 6). 

Breakthrough in the lead ion-exchange column occurred three times, with a total of 3 m3 of resin 
consumed. Influent and effluent filters required replacement approximately every 2 weeks. 
Spent resin is stored in drums at a nearby centralized waste container storage area. 

BHI004S8.W60/A2 7 



222-S 222-S 222-S 222-S 
CUMULATIVE Tc-99 Te-99 Total Uranium Total Uranium_ 
VOLUME PRE-TREAT POST LEAD PRE-fREAT POSTLEAD 

DATE TREATED(l) (pCI/I..) " (oCl/l.l (ua/ll lua/1..1 
9/25195 853,536 1750 70.5 257 0.344 
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The treatment system achieved an average contaminant removal efficiency of greater than 99% 
for technetium-99 (Figure 7). Average effluent concentrations for technetium-99 ranged from 
approximately 3 to 35 pCi/L. Average uranium effluent concentrations ranged from 
approximately 0.04 to 0.4 µg/L, respectively, achieving a removal efficiency of greater than 99% 
(Figure 8). All carbon tetrachloride effluent concentrations were reported at below the method 
detection limit (MDL) of 2 µg/L. The average removal efficiency for carbon tetrachloride was 
greater than 94% based on the MDL of2 µg/L (Figure 9). More than 4.2 g (71.6 mCi) of 
technetium-99, 4,091 g of uranium, and 676 g of carbon tetrachloride were removed during the 
reporting period. 

Since initiation of the pump and treat in March 1994, more than 33.5 million liters of 
groundwater have been treated, resulting in a removal of 15.47 g oftechnetium-99, 18,344 g of 
uranium, and 1,668 g of carbon tetrachloride. 

The onsite uranium field-screening results (performed using kinetic phosphorescence analysis) 
were generally within 5% to 10% of the 222-S Laboratory results for the influent samples. 
Effluent results for the onsite analytical method were below the detection limit of the instrument 
used, while the 222-S Laboratory reported uranium concentrations ranging from 1.4 to 3.98 µg/L 
uranium for the same samples. 

3.0 AQUIFER RESPONSE 

The following sections assess the response of the aquifer to the pump and treat for the first 
quarter of Phase I operations (September 25 through November 30, 1995). Included is a 
summary of baseline hydrologic and target plume characteristics and aquifer test results 
performed prior to the start of Phase I operations. This is followed by a discussion of the 
hydraulic and contaminant changes observed during the reporting period. 

3.1 BASELINE STATUS 

Pump-and-treat operations were suspended August 17, 1995 to allow equilibration of the aquifer 
before the start of a full-scale (190-L/min) aquifer test. Figure 10 depicts the configuration of the 
water table in the vicinity of the test site after equilibration. Flow in the aquifer was from the 
northwest in a southeasterly direction. No remnant water-table perturbations were observed from 
previous pump-and-treat activities. As discussed in Section 3.2, there were water-level 
fluctuations that are attributed to barometric changes. Drilling operations continued during the 
period of baseline data acquisition and during the aquifer test. There were no discemable effects 
on the hydrologic system as a result of these activities. 

BHI00458.W60/A2 12 
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Before the start of the reporting period, pump-and-treat activities at the 57-L/min flow rate had 
impacted only a local portion of the target plume (DOE-RL 1995a). Approximately 3.9 million 
liters of groundwater had been pumped from wells 299-Wl 9-24 and 299-Wl 9-23 , processed, and 
reinjected downgradient through well 299-Wl 9-25, creating a localized area of less­
contaminated water within the target plume. Technetium-99, uranium, and carbon tetrachloride 
plume maps prior to the start of the reporting period are shown in Figures 11 through 13. 

3.2 AQUIFER TEST 

A 70-hour aquifer test was conducted at the 200-UP-J well field from September 6 to 
September 8, with recovery monitored through September 24, 1995. The testing process 
consisted of pumping groundwater from the extraction well (299-Wl 9-39) at about 190 L/min, 
using the surface treatment system to treat the water, and reinjecting the water through well 
299-W19-36. Multiple observation wells were used to measure the response of the aquifer 
during the pumping and recovery phases of the test. Pretest monitoring initiated on August 31 , 
1995, was used to establish water-level trends and barometric pressure responses in the 
extraction, injection, and observation wells. 

The objectives of the aquifer test were to determine "large-scale" aquifer properties to confirm 
hydraulic conductivity input values used in previous numerical modeling work; to evaluate the 
long-term performance of the extraction and monitoring wells; and to estimate the radial extent 
of the drawdown cone (i.e., the expected capture area and depth). All of the test objectives were 
met. Test results are summarized below. 

3.2.1 Summary of Results 

Hydraulic conductivity in the area of extraction well 299-Wl 9-39 was estimated at 15 to 
18 m/day, which is consistent with values used in supporting numerical modeling work. 
Calculated values ranged from 14.9 m/day at well 299-W19-20 to 18 m/day at well 299-W19-25. 
The range in values is attributed to aquifer heterogeneities, variation in the pumping rate during 
the early stages of the test, and inability to fully remove extraneous water-level changes 
(e.g., barometric pressure fluctuations) by analytical procedures. 

A drawdown of nearly 0.03 m was observed at well 299-W19-19, located 80.3 m to the 
northwest ofwell 299-W19-39 (Figure 14). Based on this response, the capture zone during 
long-term operations is empirically expected to exceed 91 m (capture zone is defined as that 
portion of the aquifer that contains groundwater that will eventually be captured and discharged 
by the well). The vertical extent of the capture zone for this test is estimated to range from 21 to 
30 m below the water table. 

BHI00458.W60/A2 17 
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At the end of the test, the drawdown and buildup in the extraction and injection wells were about 
2.9 and 3 m, respectively, with total screen lengths of 14 and 12 m, respectively (Figure 15). 
Given the remaining available screen/casing for drawdown and buildup, the wells are expected to 
perform within design specifications during long-term operation of the treatment system. The 
maximum drawdowns in observation wells 299-Wl 9-20, 299-Wl 9-25, 299-Wl 9-26, and 
299-Wl9-19 were about 0.2, 0.15, 0.09, and 0.03 m (with increasing distance from the pumping 
well) (Figure 14). No obvious hydrologic boundaries were observed during the test. 

3.2.2 Analytical Method. 

The Neuman (1975) delayed gravity drainage model for partially penetrating wells was the 
primary analysis method used to evaluate both the drawdown and recovery data. Agarwal's 
(1980) equivalent-time modification was applied to the recovery data prior to analysis. This 
correction allowed the recovery data to be analyzed in the same manner as pumping phase data. 
Late-time recovery data were analyzed using the Neuman "B"curve for partially penetrating 
wells, emphasizing the data from this portion of the test. A Cooper and Jacob (1946) straight­
line analysis was used for the pumping well recovery data to provide lower bounding values of 
conductivity. 

3.3 HYDRAULIC RESPONSE 

Aquifer response to Phase I pumping and injection was as anticipated and forecast by numerical 
modeling and the aquifer test. Pumping has continued at approximately 190 L/min. Figure 15 
shows the drawdown and buildup at the withdrawal and injection wells, respectively. Both 
drawdown and buildup have gradually increased over the operating period and appear to have 
neared equilibrium. Perturbations in what would be a smooth drawdown or buildup curve occur 
following system shutdown and startup. This is due to a combination of aquifer response to the 
change in applied stress and the balancing of flow through the system as evidenced by the curve 
showing flow rate. The finer scale perturbations to the curve are likely due to barometric 
response as discussed in Section 3.2. Water-level measurements from near- and far-field 
observation wells are shown in Figures 16 and 17. 

3.4 CONT AMIN ANT RESPONSE 

Contaminant distribution and concentrations have been changing in response to the Phase I 
pumping and treatment. Figures 18 through 20 illustrate the recent (2-year) history of 
contaminant concentrations for wells in the vicinity of the pump-and-treat site. Data collected 
over the operating period represent both field-screening and offsite laboratory analytical results. 
The current monthly frequency of sample collection is significantly higher than previously in 
place, and some of the concentration variations shown may be indicative of the sampling 
frequency. The effects of the Phase I pump and treat are most readily apparent in the monitoring 
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Figure 18. Technetium-99 Contamination 
Trend Plots for 200-UP-1 Wells. 
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Figure 19. Uraniwn Contamination Trend Plots 
for 200-UP-1 Wells. 
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Figure 20. Carbon Tetrachloride Contamination 
Trend Plots for 200-UP-l Wells. 
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wells located near the extraction and injection wells. Figures 21 and 22 are a numerical 
approximation of what portions of the aquifer may have been affected by the first 90 days of 
Phase I pump-and-treat activities. The figures show the probable extent of water exchange that 
has taken place since start of the 190-L/min pump-and-treat configuration. Wells located within 
the projected zone of influence of either the extraction or injection well could reasonably be 
expected to show some change due to the pumping or injection activity. 

3.4.1 Contaminant Response Near the Injection Well (299-W19-36) 

Well 299-W19-29 is located immediately downgradient of the injection well. Contaminants 
have decreased markedly in well 299-Wl 9-29 since the start of Phase I operations (Figures 18 
through 20). The gradual decrease in contaminant concentration is likely due to passage of a 
mixing front and replacement of the contaminated water with the treated effluent. Wells 
299-W19-34A and 299-W19-34B are completed deeper in the aquifer than well 299-W19-29. 
The apparent increase in uranium and technetium-99 in well 299-Wl 9-34A may be the result of 
either increased vertical gradient close to the injection site that has driven some contaminants 
deeper in the aquifer (Figure 22) or it may be due to artifacts in the data. Concentrations of 
contaminants in this well will be monitored closely over the coming months. Well 
299-Wl 9-34B is completed much deeper in the aquifer and is not affected by any vertical 
movement of contaminants. Based on the numerical analysis (Figure 21 ), well 299-Wl 9-28 
could be expected to show some marginal response to injection, but the data are inconclusive. 
No other wells are close enough to the injection well to show any measurable impact. 

3.4.2 Contaminant Response Near the Extraction Well (299-W19-39) 

Figures 4 and 5 show the influent concentrations of technetium-99 and uranium representative of 
the extraction well. After 2 months of operation, uranium concentrations declined from about 
260 µg/L to about 120 µg/L ; at the same time, technetium-99 concentrations dropped from about 
5,400 pCi/L to 5,100 pCi/L over a period of about 10 days. This reduction is interpreted to be 
related to the time required for the mass of water reinjected during the initial phases of the 
treatability study to be drawn into the pumping well. This decrease in concentration was 
expected. Concentrations were increasing at the end of the reporting period. 

Well 299-Wl 9-20 is upgradient of the extraction well and near the previously used reinjection 
well 299-Wl 9-25 . Contaminant concentrations in this well were initially low because of its 
proximity to the injection well used prior to the Phase I operation. Approximately 15 million 
liters of processed water had been reinjected into the aquifer through well 299-Wl 9-25; this 
treated water displaced and/or disseminated the contaminated water, primarily downgradient. 
Concentrations are increasing at this location, probably in response to contaminated water being 
drawn toward extraction well 299-W19-39. Additional data, to be collected during ensuing 
months, will be used to refine the interpretations presented here. There are no changes in 
concentration that are inexplicable. 
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The conceptual model of contaminant distribution used to design and implement the Phase I 
pump-and-treat system is depicted in Figure 2. Under this conceptualization, the extent of the 
targeted portion of the plume was limited to the ellipsoid shown. This conceptual model was 
based on monitoring well data and data derived from the treatability test. Distribution of 
contaminants with depth is limited to the upper portion of the unconfined aquifer. 

3.5.1 Changes to Conceptual Model 

The conceptual model of the hydrologic system and contaminant distribution used for 
development of the Phase I pump-and-treat system (Figure 2) has been refined to include 
recently acquired data (Figure 23). Analyses of water samples from the wells drilled in fiscal 
year 1995 show that the high-concentration [greater than 1 OX maximum contaminant level 
(MCL)] plume extends further up and downgradient than earlier data indicated. The full extent 
of the targeted plume is not known. The target plume was also modified (from 59 µg/L) using a 
more restrictive 20 µg/L MCL (based on noncarcinogenic or toxic risk rather than radiological 
risk) value for uranium, which functionally expanded the target plume and resulted in an 
additional isolated plume near the 216-Ul/U2 Cribs. Based on the current understanding of the 
flow system and the most recent contaminant data, the Phase I pumping system is not containing 
the entire redefined high-concentration portion of the plume. A refined capture zone analysis 
based on these data is provided in Figure 24. Additional wells are needed to define the 
upgradient and downgradient extent of contamination and to better capture the target plume. 
Although the conceptual model of contaminant distribution has changed, the projected impact on 
risk reduction remains unchanged. The conceptual model of plume capture and risk reduction 
required capture/containment of the plume where uranium concentrations were greater than or 
equal to 590 µg/L. 

The conceptual model of contaminant vertical distribution remains unchanged over most of the 
plume. A vertical profile of the anticipated flow is presented in Figure 25. 

The aquifer test described in Section 3 .2 has served to confirm the hydrogeologic 
conceptualization of the flow system. Hydraulic response to the Phase I treatability system has 
further confirmed that portion of the conceptual model. 

3.6 VERTICAL DISTRIBUTION OF CONTAMINANTS 

Before the aquifer test was initiated, wells 299-Wl 9-36 and 299-Wl 9-39 were sampled to 
ascertain trends in the vertical distribution of uranium, technetium-99, and carbon tetrachloride. 
This vertical profiling consisted of isolating (packing off) vertically separated portions of each 
well bore and sampling using a micro-purge technique. The micro-purge technique allows 
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sampling to be conducted at a very low purge rate, thus limiting the sample zone to that 
immediately adjacent to the pump intake/open or packed-off interval The samples were 
analyzed using field-screening methods. Table 3 provides the data derived during the vertical 
profiling. 

Table 3. Vertical Profiling Data. 

Depth 
Uranium Technetium-99 

Carbon 
Well Date (m below 

(µg/L) (pCi/L) 
Tetrachloride 

water) (µg/L) 

299-W19-36 8/18/95 1.3 1,060 2,190 293 

299-W19-36 8/18/95 7.3 747 1,550 335 

299-W19-36 8/18/95 10.6 745 1,470 324 

299-W19-39 8/17/95 2.5 314 2,360 24.2 

299-W19-39 8/17/95 9.2 274 2,790 29.4 

299-W19-39 8/17/95 11.4 233 3,210 32.1 

Vertical profiling data indicate that within the open portions of the extraction well (299-Wl 9-39) 
and injection well (299-Wl 9-36), there is essentially no vertical differentiation. At both 
locations uranium concentrations exceed the l0X MCL (200 µg/L) and technetium-99 
concentrations are less than the l0X MCL (9,000 pCi/L). Carbon tetrachloride concentrations 
are higher in the upgradient well (injection site) than in the downgradient well ( extraction site). 

4.0 RECOMMENDATIONS 

Because of the flow condition set up by the pumping configuration, it will be necessary to use an 
extraction well(s) closer to the southern extent of the target plume to permit full capture. An 
injection well located upgradient of the target plume may be needed to fully flush that portion of 
the plume. Caution in placement of the wells is in order because the areal extent of the plume is 
not known. Analysis of the vertical displacement of contaminants due to injection is also 
recommended to optimally design the injection well(s). 
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