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Design Considerations for Pumpand-Treat Remediation Based on Characterization of 
Industrial Injection Web: Lessons Learned from the Groundwater Interim Action at 

the Test Area North of the Idaho National Engineering Laboratory 

Introduction: 

The Idaho National Engineering Laboratory (INEL) is a 2,305 km2 (890 mi2) Federal Facility 
operated by the U.S. Department of Energy, Idaho Operations Office. The Test Area North 
(TAN) complex is located approximately 80 km (50 mi) northwest of Idaho Falls in the northern 
portion of the INEL and extends over an area of approximately 30 km2 (12 mi2) as shown in 
Figure 1. The Technical Support Facility (EF) is centrally located within TAN and consists 
of several experimental and support facilities for conducting research and development activities 
on nuclear reactor performance. 

Operations at TAN were initiated in the early 1950s to support the U.S. Air Force aircraft 
nuclear propulsion project and have continued over the years with various experimental and 
testing facilities. The TSF-05 Injection well was used from 1953 to 1972 to dispose of TAN 
liquid wastes in the fractured basalt of the Snake River Plain Aquifer. Trichloroethylene (TCE) 
was frrst identified as a groundwater contaminant in 1987 when it was found in the TAN 
drinking water above acceptable levels. 

The TAN Groundwater Interim Action at the INEL was intended to provide both interim 
containment and clean-up of contaminated groundwater resulting from the 40-year old injection 
well, TSF-05. The primary decontamination objective of the Groundwater Treatment Facility 
(GWTF) is to remove volatile organic compounds, primarily TCE. A pump-and-treat 
technology using air stripping, carbon adsorption, and resin ion exchange for strontium-90 PSr) 
was selected in the Operable Unit 1-07A Groundwater Interim Action Record of Decision. 
Operations started on February 16, 1994 and activities were suspended on January 23, 1995 due 
to the inability to meet Remedial Action Objectives (RAOs). 

A review of the problems encountered that prevented meeting the RAOs indicated that initial 
characterization data from the injection well were not representative of the actual influent water 
received by the GWTF. The primary reasons for this discrepancy are as follows: 1) sample 
collection procedures for the injection well were not representative of the remedial action 
pumping; 2) inadvertent over-pumping during GWTF start-up moved highly contaminated sludge 
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Figure 1 - Location of the INEL and the Test Area North 
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into the well bore; and 3) the remedial design technical specifications provided to the design, 
build, and operate contractor of the selected remedy failed to consider past waste disposal 
practices. 

The following sections describe the operational characteristics and design parameters of the 
GWTF; the initial conditions found at GWTF startup; influent conditions based on March 1995 
characterization of TSF-05; and conclusions about the factors to be considered in both the design 
of a characterization plan as well as a remedial action. These sections describe the problems 
encountered during GWTF operation that correlate to an inadequate characterization and 
resulting insufficient design. 

GWTF Operational Characteristics: 

The GWTF is designed to operate in a continuous single pass mode at 50 gallons per minute. 
The pumping rate can be varied from the injection well, TSF-05, to the 20,000 gallon influent 
surge tank to enhance contaminant removal. This allows for operation of the TSF-05 well pump 
at various rates without effecting GWTF operation. The organics are removed from the water 
by a low profile air stripper and are removed from the vapor phase by carbon adsorption. The 
radionuclides are removed by resin ion exchange. Process water is accumulated in the 3,000 
gallon discharge verification tank. The effluent water is discharged after verification of 
discharge parameters. Figure 2 shows the GWTF Flow Diagram. 

GWTF Design Parameters: 

The GWTF was designed based on contaminants of concern at a given influent concentration. 
The data used to evaluate the influent concentrations was collected from 1987 to 1992 both prior 
to and during the Remedial Investigation/Feasibility Study process. The sampling activities 
associated with this data were characterized by low flow rate and low total volume pumped from 
the TSF-05 injection well. This characterization sampling method did not represent conventional 
pump-and-treat technology. The purging flowrate for sampling is considerably different from 
the actual flowrates to be used by the pump-and-treat technology selected for remediation. Table 
1 shows the influent conditions that the GWTF was designed to. This design allowed for the 
GWTF to reduce concentrations below Maximum Release Levels ( M R L s )  in a continuous single 
pass mode of operation. 
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Table 1 - Influent Design Basis 

Contaminam of Concern Influent Design Basis 

TCE 7800 pgll 

Tetrachloroethylene (PCE) 1200 pglP 

trans-1,2 Dichloroethylene (t-DCE) 3400 pg/o 

cis-l,2 Dichloroethylene (c-DCE) 5600 pg/P 

Lead 500 pglP 

%Sr 630 pCi/P 

Influent Conditions Found at GWTF S t a r t u ~  in Februarv 1994: 

The initial day of operation in February 1994 resulted in both unexpected contarninants as well 
as expected contaminants significantly above the design influent basis. Electrical problems with 
the well pump resulted in over-pumping and the introduction of significant amounts of sludge 
into the well bore as well as into the GWTF. Table 2 lists some of the contaminants that 
prevented operation of the GWTF in a continuous single pass mode. As a result of these levels, 
the GWTF was operated in a recycle (batch) mode whereby the treated effluent is returned to 
the influent tank until h4RLs are achieved. 

A comparison of Table 1 and Table 2 shows several contaminants above design based conditions: 
TCE was found at approximately three times the design basis; c-DCE was found at 
approximately two times the design basis; and was found at approximately forty times the 
design basis. The presence of oil and grease contaminated many of the internal components of 
the GWTF which required a thorough cleaning and change out of many of the components. The 
elevated levels of the volatile organics prevented single pass treatment to below MRLs. 
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Table 2 - Influent Conditions Encountered in February 1994 

Contaminant 1 Results 

PCE 53 pglt 

t-DCE 2100 pgll 

C-DCE 10,Ooo pglt 

90Sr 26,143 pCill' 

Oil & Grease 20,000 pgll  

Influent Conditions Based on March 1995 Characterization: 

The hctured basalt which makes up the Snake River Plain Aquifer is a non-homogenous 
structure consisting of voids, flow channels, and dead end flow zones where the contaminants 
have been allowed to migrate over the past 40 years. A review of the waste disposal records 
and microscopic observation of the sludge indicated that the injection well received material 
including sanitary waste, industrial solvents, dissolved nuclear fuel by-products, resin beads, and 
carbon steel shot, as well as yet unidentified material. 

In order to better understand the level of contamination in the TSF-05 injection well and to 
obtain accurate information to support kture design efforts, the injection well was characterized 
in March 1995. The pumping methods used were designed to surge and stress the well in 
conditions similar to GWTF operational parameters. This consisted of over-pumping the well 
until the point where the pump broke suction and repeated cycles of this pumping sequence. The 
characterization pumping resulted in large amounts of sludge and contaminant levels significantly 
higher than previously identified. Table 3 lists some of the results of the contaminants found 
during the characterization sampling. 

Level reported is for Gross Beta and may contain more radionuclides other than Y3r. 
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The recent characterization sampling results confirms the level of contamination encountered in 
the initial operation of the GWTF and the additional stressing of the TSF-05 well has resulted 
in contaminant levels significantly higher than previously identified. TCE was found at more 
than twenty times the design basis and %Sr was found at almost four times the design basis. 
Additionally, Cesium-137 (137Cs) was found at above risked based levels and requires action if 
the TSF-05 water is going to require treatment to below Maximum Contaminant Levels for 
137cs. 

Table 3 - March 1995 Characterization of TSF-05 

Contaminant Average Maximum 
Concentration Concentration 

TCE 56,700 pg/P 164,Ooo pglP 
PCE 28 pglP 36 pglP 

t-DCE 3390 pglP 4100 pgl! 

C-DCE 8125 pgIP 14,000 pg/! 

%Sr 1443 pCi/! 2310 pCilP 

137cs 3153 pCil0 3420 pCi/! 

Gross Beta 4535 pcilo 4570 pCi/! 

Oil & Grease 156 mg/P 240 mglP 

Conclusions: 

The significance of complete characterization of an injection well cannot be underestimated in 
the design of a pump-and-treat facility for groundwater remediation. As shown in this example, 
the complex structure of the aquifer requires special attention when designing not only the 
characterization tests but also the final remedial design. 
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The recent characterization of the TSF-05 injection well is presently being analyzed to identify 
design modifications and/or operational modifications to allow for GWTF operation in a 
continuous single pass mode for contaminant removal. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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