 
DESIGN OF GROUND WATER TREATMENT PLANTS

DETERMINING INFLUENT CONCENTRATIONS 
 
 
INTRODUCTION:
Many pump and treat systems have been, in retrospect, over-designed with respect to chemical influent loading and/or total influent ground water flow rate.  Both problems can usually be attributed to a lack of sufficient hydrologic characterization of the aquifer.  Many plants are designed hydraulically and chemically based on monitoring well data, and slug tests that provide only crude estimates of flow and concentrations that will go to the plant.
 
DISCUSSION:
 
Monitoring well samples and slug tests represent only a very small volume of the aquifer and even averaging data from a number of wells does not provide sufficient characterization for the designer.  One or more treatment processes are sometimes added unnecessarily to the treatment train based on data from a limited number of higher than normal values often associated with hotspots, which results in an extremely conservative treatment facility design.  This is particularly true of adding metals treatment units to what is essentially an organic contaminant plume.  Hydraulic and contaminant design loadings that are too conservative result in an expensive facility that is difficult to operate effectively or efficiently.  Using unduly conservative data can skew design requirements and often result in selection of more expensive, complex, or unnecessary process components.  When more realistic data are obtained through pump testing, the designer will be able to select the most efficient and cost-effective unit processes that would likely differ significantly from a design based on monitoring well and slug test data.
 
The primary obstacle to proper treatment facility design is the lack of a full scale pump test for hydrologic characterization.  A pump test should be considered a predesign study to be used to establish basic criteria needed to design an extraction system as well as determine the treatment facility influent parameters.  Pump tests, when run, are often carried out adjacent to the contaminated area to avoid having to deal with investigation derived waste (IDW).  Unfortunately, this choice of location precludes the opportunity to collect chemical data during the pump test that will lead to more reliable design criteria.  Typically, HTRW extraction wells pump in the 5-100 GPM range.  In an unconfined, uncontaminated area of an aquifer, most experts recommend a 72 hour pump test.  Pumping 72 hours at 10 GPM from a contaminated aquifer would generate approximately 45,000 gallons of IDW, and ten times that would be generated at 100 GPM.  Many times regulatory agencies are amenable to disposing of limited quantities of water to a local POTW or by temporarily treating the water on site until the full scale system is built.  
 
The pump test is also needed to determine contaminant extent, volume and concentration over time in addition to standard aquifer hydraulic characteristics.  Ideally the pump test well should be similar in configuration (screen diameter, length, slot size, etc.) to the final extraction wells, or be one of the final extraction wells.  Pump test wells sized as extraction wells will draw in water from a much larger volume of aquifer and are going to have greater heterogeneity of chemical loading, including significant dilution, by drawing in cleaner water in some parts of its capture zone. The result often is that the long-term pump test chemical data gives a more realistic estimate of the chemical influent for the treatment plant.  The exact location of the pump test well is left up to the hydrogeologic members of the project design team and is based on the project objectives for the selected remedy.  Pump test well locations for perimeter containment systems are not going to be the same as for full-scale ground water restoration systems.  
 
RECOMMENDATIONS:
 
TESTING:

 
Prior to designing a pump and treat system, a pump test must be carried out to determine both the chemical loading and hydraulic factors for wells in the system.  Pump tests in an unconfined aquifer should be run for a minimum of 72 hours to help determine boundary conditions.  Other durations should not be used without first consulting with an experienced hydrogeologist.  There should be a sufficient number of piezometers/ monitoring wells in proximity to the pumping well to permit a hydrologic analysis of the aquifer.  The pump test well should be similar in configuration to the final extraction wells or be one of the final extraction wells.  Although not recommended, an existing monitoring well can be used as the pump test well, however, there are issues as to the depth and length of the screens and this must be addressed by the project hydrogeologist.  In addition to the traditional hydrologic data, it is recommended that water samples be collected at 0, 1, 2, 4, 8, 16, 24, 48, and 72 hours to be analyzed for the contaminants of concern and potential process interferences (e.g., reduced iron) at the site.  This sampling frequency should be adequate in most cases to define whether or not the chemical concentrations have decreased to approach a constant level, which will most likely be sustained in the plant.  Under certain field conditions it may be necessary to extend the test longer (field screening data may be useful to evaluate the end point) to see this decline in contaminant concentrations.  It is critical that some field analyses be carried out to determine the shape of the concentration vs. time curve.  If the curve is not flattening out to a constant concentration , the test can be extended depending upon the rate of change in concentration, etc.  

 
REPORTING:

 
Pump test reports should be prepared in accordance with ASTM D 4050, ASTM D 6029, and include tabular and graphical data to illustrate the changes in contaminant parameters over time as well as cumulative mass removed.  The report narrative should identify the methods used for drilling, well construction, and well development; and if the well was existing or installed for this test.  Include a discussion of the equipment used during the pump test, lab analytical methods used, field analytical methods used, and other conditions that may impact the test results.

 
 COST:

 
The cost of a 72-hour pump test, based on 2002 dollars, will generally range from approximately $75,000 - $100,000.  The $75,000 value represents the following parameters:
· The well is 6 inches in diameter with 50 feet of screen.
· Flow rate is 100 gpm.
· An unconsolidated formation.
· All water is treated in a GAC column and discharged on site.

· All equipment is rented.
· Adequate piezometers/monitoring wells are assumed to be in place. 

If a mobile lab or additional monitoring wells are required, the costs will need to be adjusted to reflect the added scope.  A rough estimate for each additional monitoring well is approximately $7500, and a staffed on-site laboratory approximately $2,500 per day.  If unusual design costs are anticipated, they should be added to the overall costs.  Keep in mind approximately $40,000 for well installation and development are costs that would normally be incurred during the construction phase of the remediation.
  
This pump test and corresponding chemical loading evaluation should lead to a plant design that more closely conforms to site conditions and greatly reduces the likelihood of significant over-design in these systems.  

