
 

 
 
 
 
 
 
 
 
 
 
VEGUITA GROUNDWATER DENITRIFICATION 
DEMONSTRATION PROJECT REPORT 
VEGUITA, NEW MEXICO 
KLEINFELDER PROJECT NO. 58326 

 
 
 
 
 
 
 
 December 13, 2006 
  
 
 
 
 
 

Prepared for: State of New Mexico 
Department of Finance and Administration and 
New Mexico Environment Department, 
Construction Programs Bureau 
5500 San Antonio Drive 
Albuquerque, NM   87109 

 
 
 
 

Prepared by:  
 8300 Jefferson NE Suite B 
 Albuquerque, New Mexico 87113 

 
 
 





 

Volume 1 
 
 

Rev. 1 Veguita Groundwater Denitrification 
Demonstration Project Report



 

L:\2005\Projects\58326 Veguita\4.0 Project Technical Information\4.3 Project Deliverables\Denitrification Demo Project Report\Rev. 
1\58326.NB-ALB06RP001 Rev. 1.doc  12/13/06 
 Page iv of v Rev. 1 

TABLE OF CONTENTS 
SECTION PAGE 

1.0 INTRODUCTION ....................................................................................................................1 
1.1 Purpose.........................................................................................................................1 
1.2 Scope of Work...............................................................................................................2 

1.2.1 Phase 1 - Water Resource Characterization.........................................................2 
1.2.2 Phase 2 - EISB Treatment Design ........................................................................2 
1.2.3 Phase 3 - EISBD Demonstration...........................................................................3 

1.3 Report Organization ......................................................................................................4 

2.0 PHASE 1 - WATER RESOURCE CHARACTERIZATION.....................................................5 
2.1 Public Relations.............................................................................................................5 
2.2 Site Selection and Access.............................................................................................6 
2.3 Water Quality Characterization .....................................................................................7 
2.4 Pumping Test ................................................................................................................8 

3.0 PHASE 2 - EISB TREATMENT SYSTEM DESIGN, REGULATORY PERMITTING AND 
SYSTEM INSTALLATION..........................................................................................................10 

3.1 Modeling of the Aquifer ...............................................................................................10 
3.2 System Design ............................................................................................................11 
3.3 Regulatory Permitting..................................................................................................12 
3.4 System Installation ......................................................................................................13 

4.0 PHASE 3 - EISBD DEMONSTRATION................................................................................14 
4.1 Operation Chronology .................................................................................................14 

4.1.1 Initial Pumping and Molasses Injection ...............................................................14 
4.1.2 Biocurtain Development ......................................................................................15 
4.1.3 Center Well Pumping ..........................................................................................15 
4.1.4 System Decommissioning ...................................................................................16 

4.2 Results Versus Objectives ..........................................................................................17 
4.2.1 Removal of Nitrate from Groundwater.................................................................17 
4.2.2 Water Resource Characterization .......................................................................17 
4.2.3 System Design ....................................................................................................17 
4.2.4 EISBD Demonstration .........................................................................................18 
4.2.5 EISBD Cost Analysis...........................................................................................18 

5.0 ASSESSMENTS AND RECOMMENDATIONS ...................................................................20 
5.1 Assessment of Results................................................................................................20 

5.1.1 Schedule .............................................................................................................20 
5.1.2 Project Budget.....................................................................................................20 
5.1.3 Primary Aquifer Factors Affecting Outcome ........................................................20 
5.1.4 Primary Design Factors Affecting Outcome ........................................................21 

5.2 Future Application at Veguita and in New Mexico.......................................................21 

6.0 REFERENCES .....................................................................................................................23 



 

L:\2005\Projects\58326 Veguita\4.0 Project Technical Information\4.3 Project Deliverables\Denitrification Demo Project Report\Rev. 
1\58326.NB-ALB06RP001 Rev. 1.doc  12/13/06 
 Page v of v Rev. 1 

TABLE OF CONTENTS (Continued) 
 

FIGURES 
Figure 1 Site Location Map 
Figure 2 Abo Valley Subdivision Plat Map  
Figure 3 Nitrate (as Nitrogen) and Dissolved Oxygen Concentrations, August 2005 

to July 2006 
Figure 4 Treatment Site Stratigraphic Column 
Figure 5 Potentiometric Surface Map, December 6, 2005 
Figure 6 Treatment Site Plan 
Figure 7 Predicted Groundwater Flow and Molasses Concentrations 
 
TABLES 
Table 1 Groundwater Level Data 
Table 2 Nitrate and Total Dissolved Solids Analysis Results 
Table 3 Dissolved Oxygen Analysis Results 
Table 4 EISB Equipment List  
Table 5 Flow Meter Readings 
Table 6 Actual Costs 
 
APPENDICES 
Appendix A Access Agreements and Property Owner Correspondence 
Appendix B Boring Logs, Well Construction Schematics, OSE Well Records and 

Plugging Reports 
Appendix C Laboratory Reports 
Appendix D Field Operating Procedures 
Appendix E Pumping Test Data 
Appendix F EISB System Design 
Appendix G New Mexico Office of the State Engineer Permit 
Appendix H New Mexico Environment Department, Temporary Permission to 

Discharge 
Appendix I Photographs of EISB Treatment System  
Appendix J Graphs of Water Level, Flow Rates, and Water Quality Data  
 

 
 
 
 
 



 

L:\2005\Projects\58326 Veguita\4.0 Project Technical Information\4.3 Project Deliverables\Denitrification Demo Project Report\Rev. 
1\58326.NB-ALB06RP001 Rev. 1.doc  12/13/06 
 Page 1 of 23 Rev. 1 

1.0 INTRODUCTION 

This report documents the Veguita Groundwater Denitrification Demonstration Project 
conducted in the community of Veguita, New Mexico from February 2005 through 
August 2006 by Kleinfelder.  The project was performed under contract # PSC #05 -
341-1000-0039 executed between the New Mexico Department of Finance and 
Administration and Kleinfelder. on February 2, 2005 and amendments # 1 through 3 to 
that contract.  The project was funded under Governor Richardson’s Water Innovation 
Fund for a scope of work based on Kleinfelder’s proposal dated August 18, 2004. 

1.1 Purpose  

The purpose of the proposed project was to demonstrate that a technology developed in 
New Mexico to remove nitrate from groundwater is suitable for use on small-community 
drinking water contamination problems.  If successfully demonstrated, this technology 
can be used to remediate other nitrate-degraded (contaminated) groundwater resources 
in the state.   

Nitrate is the most widespread contaminant of groundwater in the U.S. and impacts the 
drinking water of many individuals and small communities throughout New Mexico. In 
New Mexico, over 217 plumes of nitrate pollution have impacted 709 private wells and 
have caused the closure of 83 public water-supply wells (Mr. Bart Faris, Program 
Manager, New Mexico Environment Department Groundwater Quality Bureau, 2004).   
For most of these communities there is no water source other than groundwater, so 
many New Mexicans are drinking water with nitrate above the U. S. Environmental 
Protection Agency’s (EPA) maximum contaminant level (MCL) of 10 milligrams per liter 
(mg/L) nitrate-nitrogen.  Excessive levels of nitrate in drinking water are associated with 
reduced levels of oxygen in the blood and with “blue-baby” syndrome in prenatal and 0-
6 months old children that can be fatal (EPA, 2006).     

Research conducted by the Department of Chemical and Nuclear Engineering, 
University of New Mexico (UNM), has shown that nitrate can be removed from 
groundwater using enhanced in situ bioremediation (EISB) technology.  EISB is being 
deployed for additional field tests of in situ reduction of both nitrate and perchlorate at a 
number of sites in the U.S.  The proposed scope of work was intended to demonstrate 
that EISB can be used at sites other than the primary test location (Mountainview in 
Albuquerque’s South Valley) to reduce nitrate in groundwater to drinking water 
standards.   

The site selected for the proposed demonstration is an area of 500-800 acres within 
Abo Valley Subdivision in the unincorporated community of Veguita in Socorro County 
(Figures 1 and 2). Veguita depends entirely on groundwater from domestic wells for its 
drinking water.  The groundwater table is 55 feet (ft) below ground surface (bgs) and is 
contaminated with 20-200 milligrams per liter (mg/L) nitrate-nitrogen from fertilizer used 
previously in a farming operation, levels that are well above the drinking water standard 
of 10 mg/L.   
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Nitrate contamination has economic as well as health impacts on small New Mexico 
communities.  Although Veguita is well situated to benefit from growth of light industry 
around Belen, the community of about 1000 residents is economically disadvantaged 
and lacks the financial resources to remediate the nitrate or to develop a community 
water system.  Other communities in New Mexico have similar problems – nitrate in 
groundwater, need for project funding, and limited resources.  For these communities, 
EISB offers a means of potentially restoring water quality relatively quickly (reduction to 
non-detectable concentrations in weeks to months) and thereby benefiting both public 
health and the economic viability of the community.  Because nitrate contamination 
impacts other small communities in the state, the EISB demonstration at Veguita can 
provide valuable information for planning EISB denitrification (EISBD) elsewhere in New 
Mexico. 

1.2 Scope of Work 

The scope of work performed in this project consisted of three phases.  Upon notice to 
proceed, Kleinfelder prepared a detailed work plan that included specific procedures for 
each phase (Kleinfelder, 2005).  A summary of this work plan is provided below. 

1.2.1 Phase 1 - Water Resource Characterization 

Based on information provided to Kleinfelder by the New Mexico Environment 
Department Groundwater Quality Bureau (GWQB), which determined the presence and 
levels of nitrate in samples of well water in the Abo Valley area. Phase 1 was planned to 
characterize the hydrogeologic regime and extent of contamination sufficiently to 
support decisions concerning the selection of a site for the EISB demonstration.  Each 
EISB system must be designed to fit the hydrogeologic and surface conditions of the 
specific site; this requires investigations to characterize each site.  Site investigations 
needed to provide this characterization consisted of: 

• Aquifer and plume characterization – drilling and sampling of new 2-inch 
monitoring wells to confirm the locations of the high nitrate levels (hot spots) 
and aquifer material properties, measuring water table levels, and sampling 
water and testing it for nitrate content.   

• Pumping test – After selecting one hot spot as the demonstration location, 
installing new 4-inch diameter test wells, conducting a pumping test to 
determine hydrogeologic properties (e.g., hydraulic conductivity), and 
verifying water quality of the selected hot spot.  Water produced by the pump 
test was land-applied with NMED approval.   

1.2.2 Phase 2 - EISB Treatment Design 

Once the hydrogeology and nitrate concentrations in groundwater of the selected hot 
spot were characterized, the EISBD demonstration system was designed. The size and 
configuration of the demonstration were based on the results of characterization; 
however, to produce tangible results within the time allowed in the contract, the size of 
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the demonstration (i.e., the number, pattern and spacing between wells) was scaled to 
achieve denitrification (less than 10 mg/L) of the demonstration area within six months 
of system start-up.   

1.2.3 Phase 3 - EISBD Demonstration 

Once the characterization and design phases were completed, the demonstration phase 
was started.  The demonstration consisted of: 

• Obtaining a water diversion permit from the New Mexico Office of the State 
Engineer 

• Obtaining permission for temporary discharge from the NMED   
• Installing 9 injection wells and 3  extraction wells 
• Installing surface equipment (tanks, piping, pumps, electrical service, meters) 
• Setting pump(s) in the pumping well(s) 
• Preparing chemical amendments (carbon source, nutrient, and tracer) 
• Activation of the treatment system – pumping, mixing, and injection 
• Operation and monitoring of the treatment system – continued pumping and 

injection, sampling and testing of groundwater, real-time evaluation of results 
• Preparation of a report including a description of the project, results and 

recommendations 

EISB utilizes naturally occurring, indigenous microbes to reduce nitrate to harmless 
nitrogen gas, as shown below.   

 

 

This bioreduction occurs in nature; EISB simply enhances the process to achieve in 
days to months what can naturally occur over decades without enhancement.  In EISB, 
non-toxic food-grade additives (e.g.; molasses, sodium acetate) are injected into the 
contaminated groundwater, activating natural indigenous bacteria to reduce nitrate to 
harmless nitrogen gas.  The additive is a carbon substrate that acts as an electron 
donor.  The natural microbes in a metabolic process pass the electrons to the nitrate, 
reducing it to nitrite and then to nitrogen gas.  

An EISBD system consists of one or more extraction or pumping wells to withdraw 
groundwater; an assemblage of pipes, hoses and valves to direct and control water at 
ground surface; tanks to hold and mix water and amendments (carbon source, nutrient, 
and tracer as needed) and one or more injection wells to put the additive-water mixture 
into the contaminated zone of the groundwater.   An EISBD system can be as simple as 
one well that alternates between pumping and injection, or it can be composed of a 
large array of pumping and injection wells.  The Veguita demonstration had one 
pumping well and eight injection wells into which the molasses-water mixture was 
injected.  
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1.3 Report Organization 
 
Sections 2, 3, and 4 of this report contain details for each phase of the project.  Section 
5 provides an assessment of the results and includes recommendations for future work.    
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2.0  PHASE 1 - WATER RESOURCE CHARACTERIZATION 

Phase I was performed in accordance with the Kleinfelder work plan submitted to the 
New Mexico Environment Department, Construction Services Division (CSD) on March 
14, 2005 (Kleinfelder, 2005). Phase I of this Project included the following tasks: 

• Public relations 
• Site selection and access 
• Water quality characterization  
• Pumping test performance and data evaluation  

Initially, the public relations task was not part of the proposed scope of work of Phase 1.   
However, it became apparent that public relations efforts would be critical in achieving 
acceptance by the community in general and in gaining cooperation of property owners.  

2.1 Public Relations 

Kleinfelder’s initial scope of work was based on the assumption that the Veguita 
community was aware of its nitrate problem and would be supportive of efforts to 
develop a safe source of drinking water.  However, many of the residents were unaware 
of the problem, not concerned about it, or suspicious of any state-sponsored actions 
related to their water.  For example, we learned that some residents in the Abo Valley 
Subdivision had heard that it was the State’s intent to plug and abandon private 
domestic supply wells in favor of a state-sponsored water supply system.  This project 
was perceived by some as being part of such a plan. Consequently, public relations 
efforts were needed to inform and involve the community, developing the trust and 
cooperation necessary for the success of the entire project.  

Public relations efforts included: 

• Several meetings with Mr. Leo Mendoza, local community leader and strong 
advocate for the improvement of the quality of life for the population near 
Veguita. Mr. Mendoza graciously agreed to help with property access issues and 
translated for us during several house-to-house visits that commenced in May 
2005.  

• A public meeting held in April, 2005 at the La Promesa School in cooperation 
with the South Central Council of Governments.  

• A meeting held with Ms. Diane Bustos, La Promesa School principal, at a drilling 
site in July, 2005. 

• An interview conducted by Ms. Jane Moorman, Valencia County News Bulletin. 
At the request of Leo Mendoza, the Bulletin ran a story detailing efforts being 
undertaken to characterize nitrate contamination within the project area.  

• Several visits to the community by Mr. Bart Faris, GWQB, with Kleinfelder 
personnel to speak to residents about the project. 

These public relations efforts required time that caused the commencement of other 
Phase 1 activities to be delayed by several months.  However, they succeeded in 
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generally dispelling suspicions and in eliciting access agreements with several property 
owners.  Although the community has not shown noticeable enthusiasm for the project, 
there has been no opposition displayed. 

2.2 Site Selection and Access 

Because of budget and time constraints, the scope of work for this project was limited to 
a demonstration within a small portion of the total nitrate contamination plume, rather 
than mitigation of the entire plume.  Accordingly, that small portion had to be selected 
early in the project period.  

The selection of a suitable site for the project was based on the following four (4) 
criteria: (1) the site had to have nitrate contamination in the groundwater at 
concentrations significantly above the New Mexico Water Quality Control Commission 
(NMWQCC) Standard of 10 mg/L nitrate (as nitrogen), (2) the site had to be large 
enough to accommodate the physical demands of the project without interfering with the 
day- to-day activities of the property owner, (3) the site had to be accessible to heavy 
equipment, and (4) the property owner had to agree, in writing and without monetary 
compensation, to the conditions of the project. Of the four (4) criteria, identification of 
properties containing significant nitrate contamination in groundwater (i.e., criteria #1) 
was the most critical; therefore, screening of sites for this criteria was the initial focus of 
the site selection task.  

Previous work performed by Mr. Bart Faris and the GWQB in the Abo Valley 
Subdivision identified three (3) areas within the southeastern portion of the subdivision 
that were known to contain concentrations of nitrate above NMWQCC Standard  
(Kleinfelder, 2004). Kleinfelder’s first step in selecting a suitable site was to meet with 
Mr. Faris to confirm that these previously identified areas were appropriate targets for 
the project and, concurrently, to obtain details concerning the distribution of nitrate 
contamination in these areas. Mr. Faris stated that, although the data indicated 
discontinuous areas of contamination, the discontinuities were most likely the result of a 
lack of data points (i.e., wells) coupled with the fact that some wells were screened 
significantly deeper than the impacted wells. Therefore, the entire southeastern portion 
of the subdivision appeared to be an appropriate target for the project. 

Once the target area was identified, properties in that area that were physically suitable 
for the project (i.e., properties that met criteria #2 and #3 above) were identified. 
Concurrently, property ownership information was obtained from the Socorro County 
Assessors’ office. The property ownership information indicated that Mr. Sylvestre 
Sisneros, et al owned several properties within the target area including some that met 
criteria #2 and #3. Mr. Sisneros was contacted and several meetings occurred in April 
2005 to discuss the use of his property. Mr. Sisneros stated that he had no problems 
with the conditions of the project, but after review of the access agreement, he stated 
that his partner would not sign.  

After the efforts with Mr. Sisneros fell through, other property owners in the target area 
were called and sent access agreements that were written in both English and Spanish. 
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We received several responses and, after several weeks of meetings and phone calls, 
successfully negotiated agreements with four owners; locations of the properties are 
illustrated in Figures 2 and 3. The access agreement had to be re-written later to include 
clearer language concerning the ownership of wells and  equipment to be installed on 
the property. Copies of the four access agreements are attached in Appendix A. These 
activities occurred in the months of May, June, and July 2005.  

2.3 Water Quality Characterization 

After access agreements were fully executed, water quality characterization at these 
four properties commenced. The activities associated with water quality characterization 
are summarized below. The results revealed that the property owned by Mr. Pablo 
Martinez (i.e., Lot 17, Tres Lagunitas Unit) contained the highest concentration of 
nitrate. The Martinez property had sufficient size (five acres) and was easily accessible.  
This set of attributes, as well as Mr. Martinez’s interest in the project and willingness to 
grant access, led to the selection of this property as the demonstration treatment site.  
Figures 2 and 3 illustrate the location of the treatment site.  

The water quality characterization task included (1) drilling of four soil borings (i.e., MW-
1 through MW-4) at the locations illustrated on Figures 2 and 3 to a maximum depth of 
approximately 100 ft bgs, (2) sampling and characterizing soils from each boring, (3) 
installation/development of four monitoring wells, and (4) groundwater sampling and 
analysis from each well. Field activities for this task were conducted in July through 
September 2005.  

The borings were drilled by Enviro-Drill, Inc., using hollow-stem auger techniques. Soil 
samples were collected by a combination of continuous coring, split spoon sampling, 
and drill cutting collection. A degreed geologist described and logged samples. The 
strata encountered while drilling varied but in general consisted of the following strata:  

0 to 25 ft bgs – clayey, sandy, silt 

25 to 65 ft bgs – sandy gravels and cobbles with clay stringers 

65 to 100 ft bgs – gravelly sands with clay stringers 

These sediments are consistent with those described by Love (1999) as belonging to 
the Abo Valley Fill (Late Pleistocene to Holocene). A generalized stratigraphic column of 
the treatment site is included in Figure 4 and boring logs and monitoring well 
construction schematics are provided in Appendix B.   

Groundwater was encountered at about 55 ft bgs in wells MW-1, MW-2R, and MW-4. 
The ground surface elevation of MW-3 was several feet lower that the other wells and, 
consequently, the depth to water was significantly less at this location. Multiple 
groundwater measurements indicate a groundwater flow direction from northeast to 
southwest (Figure 5). The magnitude of the hydraulic gradient is estimated to be 0.001 
ft/ft.  Table 1 contains a summary of groundwater levels that were measured during the 
course of the project.    
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Some difficulties occurred while installing the wells. Once below the water table, 
saturated sands had a tendency to flow into the hollow portion of the auger.  Movement 
of liquefied soil under these conditions is not uncommon, but requires corrective 
measures. These problems were mitigated by keeping water inside the auger while 
drilling and using a plug to seal the bottom of the auger.  

After the borings were converted to monitoring wells and the wells were developed, low-
flow sampling was used to sample for nitrate  and dissolved oxygen (DO) 
concentrations.  Field screening and laboratory analyses results of total dissolved solids 
and nitrate are summarized in Table 2. Field estimates of nitrate concentrations were 
determined using a field colorimetric kit from Chemetrics ®.  Estimates of total dissolved 
solids concentrations were made from electrical specific conductance measurements.  
The laboratory analyses reports are included in Appendix C. Procedures for well 
development, water level measurements, purging, sampling and the collection of field 
water quality parameters are provided in Appendix D.   

Three of the four monitoring wells sampled contained nitrate concentrations (as 
determined by laboratory analysis) above the NMWQCC standard of 10 mg/L. 
Monitoring well MW-3 contained quantifiable concentrations of nitrate but not above 
NMWQCC standards. The highest concentrations, up to 112.5 mg/L as determined by 
laboratory analysis, were present in well MW-1. Monitoring well locations and ranges of 
nitrate (as nitrogen) and dissolved oxygen concentrations are illustrated on Figure 3.   

2.4 Pumping Test 

The fourth and final task of this phase of the project included the performance of a 
pumping test and evaluation of the data. The objective of the pumping test was to 
collect data of sufficient quantity and quality to calculate a hydraulic conductivity value 
for the project site. Hydraulic conductivity is an important parameter in the 
understanding of groundwater flow, and an accurate estimation was needed to make 
informed decisions concerning the locations of injection wells. This task was conducted 
from October through December 2005 and consisted of the following activities: 

• Test well installation 
• Test well step testing 
• Pumping test design 
• Observation well installation 
• Antecedent water-level trend evaluation 
• Constant rate pumping test performance  
• Data evaluation 

The first activity in the pumping test was the drilling and construction of test well TW-1 
(Appendix B). Test well TW-1 has a total depth of approximately 100 ft bgs, is 6-inches 
in diameter, and contains 15 ft of 0.030 inch slot stainless steel, high-flow screen. Mud 
rotary drilling techniques were used to install the well. A well schematic for TW-1 is 
included in Appendix B. 
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After installation and development, the well was step-tested to determine an appropriate 
pumping rate to use during the constant-rate test. Step-testing data indicated that the 
well could sustain 45 gallons per minute (gpm) with about 13 ft of drawdown and limited 
potential for dewatering the well. Once this maximum pumping rate was established, a 
computer program (Aquifer Test Pro ®) that employs an analytical solution to 
groundwater flow was used to aid in locating observation wells OW-1R and OW-2 at 10 
ft. and 20 ft, respectively, from TW-1. Well locations are illustrated on Figure 6. 

After observation wells OW-1R and OW-2 were installed and developed, antecedent 
water levels were measured for five days using automated data loggers. The constant 
rate test was then performed for a period of 24 hours. Water level measurements were 
collected in OW-1R, OW-2, TW-1 and MW-1. The data were reduced, and an estimated 
hydraulic conductivity value of 2.2 x 10-2 centimeters per second (cm/sec) (63 ft/day) 
was calculated. Hydraulic conductivity was used to assist in determining the location of 
injection wells.   

Data Sheets and Graphs generated during the analysis of the pumping test are included 
in Appendix E.  
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3.0 PHASE 2 - EISB TREATMENT SYSTEM DESIGN, REGULATORY PERMITTING 
AND SYSTEM INSTALLATION 

 
Phase 2 of this Project included the following four tasks: 
 

• Modeling of the aquifer 
• System design and 
• Regulatory permitting 
• System installation 

3.1 Modeling of the Aquifer 

Aquifer modeling was added to the scope of work to provide a more quantitative basis 
for well field design than a simpler manual analysis could provide.  To develop the 
design and operational parameters of the treatment system, multiple runs of the 
MODFLOW ®, MODPATH ®, and MT3D ® computer modeling software were used to 
predict groundwater flow and molasses concentrations for several potential well field 
arrangements and pumping rates. The aquifer was modeled based on the information 
derived from the Phase I pumping test. General assumptions were: 

• Sedimentary units in individual layers are homogeneous and isotropic in the 
horizontal directions 

• Vertical hydraulic conductivities are 10% of horizontal conductivities 
• The addition of fluids from the injection wells will lower the effective porosity of 

the formation in the vicinity of the wells. 
 

Design guidelines, which were based on budget, space, technology, and aquifer 
limitations included: 
 

• No more than 8 injection wells arranged in a circular injection well pattern 
• Injection ring radius of 30 to 50 ft. 
• Maximum pumping rate of 50 gpm 
• Water not used for injection to be discharged/re-injected outside the injection ring 
• Even distribution of molasses/water into injection wells (i.e., injection rate and 

concentration of  molasses for each well are equal) 
• Uniform vertical distribution of injected amendment in each injection well 

The circular wellhead protection configuration was selected because the large 
contaminant plume and relatively low hydraulic gradient made a circular injection 
pattern most suitable for treating water drawn to the pumping well from all directions 
under an imposed hydraulic gradient. 

Modeling objectives were to: 

• Determine optimum location, spacing, and screen interval of injection wells  
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• Determine the injection scheme (i.e., injection rate, frequency, duration, and 
flushing with water) that provides the best molasses treatment ring around the 
pumping well. 

• Estimate concentration of molasses in the aquifer and at the pumping well 
• Estimate travel time from injection wells to pumping well 

From the modeling, Kleinfelder determined that water used to dilute the molasses and 
flush well screens should not be pumped/produced from the center well (TW-1).  Model 
travel times were in the range of 1 to 2 days to move water from the injection ring to 
TW-1 but eight to 14 days are required to convert molasses into biomass. Therefore, a 
second production well (TW-2) located near the northwest edge of the treatment site 
was modeled.  Extraction from this well was shown to not significantly affect the 
injection/dispersion of the molasses-treated water. 

The modeling estimated that a uniform injection rate of approximately 30 gpm total (split 
equally between 8 injection wells, at 3.75 gpm/well) for a period of approximately 24 
hours should inject sufficient molasses to develop a bio-curtain to denitrify the 
groundwater.  The targeted injection quantity of 4% (by weight) molasses solution (i.e., 
approximately 40 grams of molasses per liter of solution) was set at 40,000 gallons.  
Modeling predicted that flushing with an additional 120,000 gallons of unamended water 
would distribute the molasses into overlapping zones around each injection well and 
help minimize biofouling of the injection well screens. 

Figure 7 shows the predicted groundwater flow and the distribution of molasses at the 
end of the injection/flushing phase.  The isoconcentration contours in Figure 7 show that 
molasses at a concentration of 750 mg/l should be distributed in a nearly continuous 
ring at a distance of about 40 ft from TW-1. The model also shows that the concentrated 
molasses should be kept away from TW-1 due to the injection occurring uniformly 
around the ring, provided that TW-1 is not pumped during this initial injection event. The 
model predicted that almost all flow paths that intersect the center well (center of figure) 
would be nearly horizontal and would pass through the biocurtain; however it should be 
noted that a homogenous and anisotropic (i.e., Ksat horizontal >> Ksat vertical) aquifer 
was assumed. 

3.2 System Design 

Kleinfelder subcontracted with Gannett Fleming West, Inc. (Gannett) to design the 
surface system equipment and layout to be suitable for a small community water supply 
system.  If it was desired to automate the treatment system, the Gannett design could 
be adapted.  The Gannett design report is included as Appendix F. 

The system utilized:  

• A ten-foot square by eight-foot tall building to house and protect pumps, meters 
and most valving from the environment.  

• Four above-ground polyvinyl chloride (PVC) storage/mixing tanks.  
• A bulk ‘animal feed’ molasses storage tank.   
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• PVC pipes connecting tanks, controls and wells. 
• Valves to control flows through pipes and tanks. 
• Flowmeter/totalizers to meet State Engineer’s Office guidelines. 

A list of system components is presented in Table 4 and the design drawings are 
included in Appendix F.  A general description of the process follows.   

Tank 1 served as the initial dilution tank, where animal feed molasses is mixed with 
groundwater to dilute the molasses to 16% by weight. Diluted molasses is then drawn 
from Tank 1 and pumped to either Tank 2 or 3.  In either tank, the initial dilution of 
molasses is further diluted to a final concentration of approximately 4% by weight.  
Once the molasses solution is homogenized with mixers, it is pumped to Tank 4.  Tank 
4 serves as a surge tank, to allow for continuous injection into the ring of eight injection 
wells.   

While the Gannett design was suitable for a long-term implementation, for this project, 
the design was simplified.  Changes made to Gannett’s original design included 
substituting manual for electronic meters/totalizers, and substituting simpler units for the 
centrifugal pumps.  Due to the changes in meter types, the requirement for straight pipe 
runs was eliminated, and because the system was not intended to operate long-term, 
overhead piping was replaced by floor level piping.  Butterfly valves were replaced with 
gate valves. 

3.3 Regulatory Permitting 

Kleinfelder conferred with David Anderson of the Albuquerque office of the State 
Engineer regarding the water rights required for this project.  On December 22, 2005, 
Kleinfelder received a permit for up to 13 wells from the Engineer’s office along with a 
temporary groundwater diversion permit.  The system design did not require 13 wells, 
but due to the time constraints required in getting well permits, the decision was made 
to err on the high side.  The system was permitted to divert up to 80 acre-feet per year, 
which is equivalent to continuously pumping a well at 50 gpm every day for a year.  The 
permit is attached as Appendix G. 

On February 9, 2006, Kleinfelder received a temporary Discharge (Injection) Permit 
from the Groundwater Quality Bureau of the New Mexico Environment Department.  
The permit allowed for the diversion and re-injection of up to 43,200 gallons per day of 
groundwater (approximately 48 acre-feet in a year).  The permit was written to count 
only active pumping days, when either injecting molasses solution or pumping the main 
well to simulate the operation of a small community water supply system.  The system is 
permitted to run for up to 120 days, non-continuous.  The discharge permit is attached 
as Appendix H. 
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3.4 System Installation 

The EISB system was installed in January and early February 2006.  System 
components are illustrated in Figure 6 and photographs of the system are included in 
Appendix I.  The installation included: 
 

• Drilling, installation, and development of nine (9) injection wells to a nominal 
depth of 100 ft bgs.  Injection wells IW-01 through IW-08 were installed using 
mud rotary drilling techniques and were completed with 4-inch diameter PVC 
screen (0.030 inch slot) and casing. Injection well IW-09, which is located 
outside of the injection ring, contained 4-inch diameter PVC casing and two 
screen sections (0.030 inch slot), one from 20 to 50 ft bgs and another from 55 
to 75 ft bgs;  

• Drilling, installation, and development of a 4-inch diameter supply well (TW-02). 
Supply well TW-02 was located outside of the injection ring and contained 50 ft 
(50 to 100 ft bgs) of 0.030-inch slot screen; 

• Installation of electrical submersible pump in TW-2; 
• Installation of gradational slotted (0.010 inch to 0.050 inch, from top to bottom) 

drop pipes in IW-01 through IW-09; gradational slotting was used to obtain a 
more even, vertical distribution of fluids;  

• Subcontracting with Mesa Feed for molasses delivery and setup; 
• Installation of above ground system including: 

o Equipment shed 
o Above ground storage tanks 
o Three (3) transfer pumps 
o Two (2) pressure tanks 
o Totalizing and instantaneous flow meters 
o Piping manifolds with ball valves 

• Trenching and installation of underground conveyance piping;  
• Connecting underground piping to injection wells; 
• Electrical service hookup and wiring. 

 
Also during the period of time when the system was being installed, baseline water level 
and chemistry data were collected.  Results of the measurements are summarized in 
Tables 1, 2, and 3. Graphs of data from select wells are included in Appendix J.   
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4.0 PHASE 3 - EISBD DEMONSTRATION 

4.1 Operation Chronology 

System operation began on February 16, 2006 and effectively concluded on August 15, 
2006.  Highlights of the six-month operational period include: 

• Diverting approximately 1,154,000 gallons of groundwater from the pumping 
wells in the center of the injection well ring (i.e., TW-01 and TW-03) to IW-01 
through IW-09;  

• Diverting approximately 163,000 gallons of water from TW-02 located outside of 
the injection well ring to injection wells IW-01 through IW-08; 

• Injecting approximately 2,020 gallons of molasses. 

Flowmeter readings collected during this phase are provided in Table 5 and details of 
the EISBD operations are provided below.  

4.1.1 Initial Pumping and Molasses Injection  

As indicated on Table 5, pumping initiated on February 16, 2006 at a rate of 
approximately 20 gpm from TW-2, the well located outside and north of the circular 
array of injection wells (Figure 6).  A total of approximately 55,000 gallons of water was 
mixed with 1,150 gallons of molasses during the initial molasses injection period of 
February 16 through 19, 2006, to produce an injection solution of approximately 30 g/L 
(4% by weight) molasses.   

From February 19 to 22, 2006 approximately 105,000 gallons of groundwater were 
pumped from TW-2 and injected directly into injection wells IW-1 through IW-8 to flush 
the molasses solution from those wells.  This flushing period was performed to (1) 
reduce the risk of biofouling in the injection wells and (2) drive the solution away from 
the wells, expanding the molasses-amended zone or biocurtain ring. 

It should be noted that, despite efforts to adjust flow rates, the molasses was not 
distributed evenly into the injection wells.  Injection wells IW-01, IW-02, and IW-06 each 
received approximately 8,000 gallons of molasses solution.  Injection wells IW-04 and 
IW-08 received roughly 7,000 gallons each; and injection wells IW-03, IW-05, and IW-07 
received between 4,000 and 6,000 gallons of molasses solution. It is unknown how the 
molasses was distributed vertically within the aquifer.   

Water levels were recorded in OW-1R and OW-2 during the injection period.  Values 
are summarized in Table 1 and are illustrated in Appendix J.  As seen in Appendix J, 
water levels rose in these two wells by roughly 0.3 ft during injection.    
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4.1.2 Biocurtain Development 

From February 22 to March 7, 2006 the system was left idle (no pumping or injection) to 
allow the natural microbes to metabolize the molasses and reduce the nitrate in the ring.  
During this time period, water levels, the dissolved oxygen (DO) and the nitrate-nitrogen 
(NO3-N) concentrations were measured in OW-1R and OW-2 (Table 2 and 3). As 
illustrated in the graphs included in Appendix J, the water level returned to near pre-
injection conditions during this time period and a drop in DO concentrations from 
roughly 5 mg/L to 0.3 and 2.6 mg/L were observed in OW-1R and OW-2, respectively.  
NO3-O concentrations fluctuated but ended unchanged.   

4.1.3 Center Well Pumping 

From March 7 to March 18, 2006 well TW-1, located in the center of the injection ring, 
was pumped at 6.5 gpm to draw approximately 100,000 gallons of water through the 
biocurtain ring.  Pumped water was conveyed to and discharged in injection well IW-09 
located outside of the injection well site. Despite predictions from the MODFLOW runs 
that the denitrified water should have reached the pumping well, the DO and NO3-N 
levels were about 3 mg/L and greater than 100 mg/L (based on screening level results), 
respectively, indicating that the rate of denitrification was slower than expected. 

From March 18 to March 30, 2006 pumping from TW-1 was increased to 20 gpm (see 
graph in Appendix J), and 300,000 gallons of groundwater were pumped from the 
pumping well.  The DO and NO3-N concentrations measured at the end of this period 
were unchanged relative to the previous period when TW-01 was pumping at a slower 
rate. 

From March 30 to April 6, 2006 pumping was reduced to about 1 gpm to give more 
residence time to water passing through the biocurtain in an attempt to improve 
denitrification.  About 20,000 gallons of water were pumped from TW-1 and reinjected 
into IW-09, located north of the injection well ring.  Severe aerobic biofouling developed 
in IW-09.  At the same time, DO and NO3-N levels were unchanged in TW-1, OW-1R, 
and OW-2.   

Based on the biofouling problems. it was apparent from these results that molasses-
amended groundwater was reaching TW-1 without completely participating in nitrate 
reduction.  The likely potential causes for this were identified to be: 

• Insufficient molasses mass or molasses solution residence time within the aquifer 
for biocurtain development 

• Uneven distribution of the molasses resulting in windows within the biocurtain  
• Rapid flow through the biocurtain along preferential flow paths, leaving insufficient 

residence time in the biocurtain for denitrification to occur. 
• Flow of groundwater under, or over, the biocurtain due to reduction of hydraulic 

conductivity in the biocurtain caused by biofouling in the soil pores. 
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In an attempt to reduce the potential for underflow or overflow and draw groundwater 
through the shallower, injected portion of the aquifer, a new pumping well, TW-03, was 
installed. TW-3 was installed between April 7 and April 11, 2006 at a location 10 ft from 
TW-1 to a depth of 77 ft bgs with a screened interval from 55 to 75 ft bgs.  This new well 
was then pumped at 6.5 gpm from April 11 to May 11, 2006 producing 275,000 gallons 
of water that were reinjected into IW-09.  At the end of this period, DO and NO3-N levels 
of water pumped from TW-03 were 2 to 3 mg/L and roughly 65 mg/L, respectively.  
During this time period, DO concentrations in OW-1R dropped from over 5 mg/L to less 
than 1 mg/L and NO3-N concentrations dropped from approximately 70 mg/L to 35 
mg/L.  No significant changes occurred in the DO and NO3-N concentrations measured 
in samples collected from OW-2. 

After pumping and sampling the new well, TW-03, and finding no substantial 
improvement in denitrification, another round of molasses injection was performed from 
May 16 to May 18, 2006 to replenish the carbon source of biological activity.  The 
injection solution consisted of an additional 15,000 gallons of water pumped from TW-
03 mixed with 870 gallons of molasses, producing a concentration of 80 g/L 
(approximately 11% by weight) molasses.  The solution was injected into wells IW-01 
through IW-08, and then 7,000 gallons of water pumped from TW-03 were injected into 
these wells to flush the amended solution away from the wells and into the aquifer. 
Because of the apparent dominating influence of preferential flow paths through the 
biocurtain ring, and because the location of the path(s) could not be determined, 
pumping was ceased from May 18 to May 24, 2006 to allow the amended solution to 
stay in place for regeneration of the biocurtain. 

On May 24, 2006 pumping of TW-03 resumed at 8.3 gpm.  Pumping continued at this 
rate until June 16, 2006 producing 275,000 gallons of water that was reinjected into the 
IW-01 through IW-08.  At the end of this period, DO and NO3-N levels in water pumped 
from TW-03 were approximately 2 mg/L and 60 mg/L, respectively. The DO 
concentrations in OW-1R were less than 1 mg/L and NO3-N ranged from 40 to 50 mg/L.  
The DO concentrations in OW-2 decreased during this time period from greater than 3 
mg/L to less than 1 mg/L.  NO3-N concentrations in OW-2 decreased from roughly 80 to 
60 mg/L.  This was the first significant decrease in DO and NO3-N concentrations in 
samples from OW-2. 

From June 16 to August 15, 2006 TW-03 was pumped intermittently at a rate of 1 to 5 
gpm, producing approximately 2,000 gallons of water. At the end of this period, DO and 
NO3-N levels in water pumped from TW-03 were between 2 and 3 mg/L and 45 to 50 
mg/L, respectively.  The DO concentrations in OW-1R remained less than 1 mg/l and 
NO3-N concentrations rebounded to about 55 mg/L.  The DO and NO3-N concentrations 
in samples from OW-2 rebounded to approximately 2.5 and 80 mg/L respectively.     

4.1.4 System Decommissioning 

Veguita site operations ceased on August 15, 2006 so that site demobilization could be 
commenced by the project completion date of August 31, 2006, which was in effect at 
that time. At the request of the GWQB, three vicinity-monitoring wells (i.e., MW-2R, 
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MW-03, and MW-04) and site wells MW-01 and OW-2 were left in place for NMED use 
for long-term monitoring.  At the request of property owner Pablo Martinez, the electrical 
drop and well# TW-01 were left in place for his future use, in accordance with the 
property access agreement. Correspondence reflecting these agreements is contained 
within Appendix A.    Other wells were plugged and abandoned in accordance with 
NMOSE requirements. Plugging reports are included in Appendix B.   

The period of performance under the terms of Kleinfelder’s contract with the State of 
New Mexico was extended in Amendment # 3 to allow time to arrange for the safe 
storage for the EISB equipment.  On September 29, 2006, surface facilities were 
removed and transported to the New Mexico Department of Transportation’s District 3 
North Urban Maintenance Yard in Albuquerque, New Mexico.   

4.2    Results Versus Objectives  

The primary objective of this project was to demonstrate that a technology developed in 
New Mexico to remove nitrate from groundwater (EISBD) is suitable for use on small-
community drinking water contamination problems.  Subordinate objectives included 
evaluations of elements of the EISBD program to determine how each could be 
improved, especially in applications of EISBD to small rural communities. 

4.2.1 Removal of Nitrate from Groundwater 

The objective of reducing nitrate concentrations in the groundwater in the two pumping 
wells at Veguita to levels below the 10 ppm drinking water standard was not achieved.  
However, denitrification around the injection (IW) wells was achieved relatively quickly, 
and some reduction in nitrate in the observation well (OW-1R) was achieved during the 
operating life of the system. Because of the insufficient reduction in NO3-N 
concentration in the water produced from TW-1/TW-3, a treatment cost analysis was not 
performed.  

4.2.2 Water Resource Characterization 

Activities during Phase 1 proved to be insufficient to provide the degree of 
characterization needed to quantify the aquifer hydrologic properties, especially the 
amount of spatial variability and the location of preferential flow paths in the aquifer that 
may have dominated movement of the molasses solution.  

4.2.3 System Design 

The system design was fundamentally sound and appropriate for the location and scale 
of this demonstration.  The well design was well suited to the hydrogeologic materials; 
i.e., the wells functioned adequately in both injection and pumping roles.  However, the 
pattern and spacing of the wells may not have intercepted the preferential flow paths 
that evidently existed within the circular array of wells.  More testing, such as tracer 
studies, should be performed to identify flow paths and flow velocities between the 
injection wells and pumping wells. Discrete target zones within the aquifer should be 
identified for molasses injection and groundwater production. The design of surface 
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plant was well suited to both the location and the operating requirements; surface plant 
operations met project expectations. 

4.2.4 EISBD Demonstration 
This third phase of the project did not meet denitrification objectives but provided 
valuable experience and information that will be useful in subsequent applications of 
EISBD.  Although budget and schedule limitations prevented their applications on this 
project, methods to measure molasses concentrations and to map the distribution of 
molasses in the subsurface, such as those discussed in Lane et al (2006), would   
provide information to detect preferential pathways and, in turn, to adjust injection 
patterns and rates to achieve more uniform distribution of molasses. 

4.2.5 EISBD Cost Analysis 
Table 6 lists the actual costs incurred during this project, divided into four categories: 
 

• Capital costs     $85,000 
• Engineering     $91,000 
• Operations, Injection   $30,800 
• Operations, Pumping/Monitoring  $79,200 

 
These costs total $286,000.  Not included are the administrative costs, taxes, and other 
costs of this project that are not directly attributable to the EISBD treatment.  By 
separating those costs from this analysis, we take the institutional expenses out of the 
equation and examine only those types of costs that would be incurred in any EISBD 
application. 
 
The analysis of cost per 1,000 gallons of water processed through the treatment system 
is based on the assumption that all water produced would have been reduced in nitrate 
concentration if sufficient time had been available to accomplish this objective.  On that 
basis the costs are:   
 

• Cost Grand Total/Total Water Produced = $286,000 / 1,052,000 gallons = $270 / 
1,000 gallons 

 
• Operation Cost / Total Water Produced = $110,000 / 1,052,000 gallons= $105 / 

1,000 gallons 
 
The first of these numbers represents the cost per 1000 gallons when capital and 
engineering costs are attributed to the production actually experienced; i.e.; costs are 
pro-rated across the first 1,052,000 gallons produced.  If only operating costs are 
considered, the $105/1000 gallons represents the cost of producing the water over the 
long term, after capital and engineering costs are amortized. 
 
These costs would be acceptable for production of safe drinking water; bottled water 
sold at retail stores costs more than $0.10 to $0.27/gallon.  These costs would be 
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excessive for other, non-ingestive uses such as washing.  However, it is important to 
note that the costs of future applications are likely to be lower.  Specifically: 
 

• Engineering costs should be reduced as EISBD system components become 
more standardized, especially for the surface treatment plant.  We estimate that 
in routine applications the engineering costs would be approximately 50% of 
those experienced on this project. 

 
• Systems operating (pumping/monitoring) costs on this project were high because 

professional staff had to be used to perform routine operating functions that 
would normally be performed by local labor trained for those functions.  
Kleinfelder’s costs of labor and travel made the pumping/monitoring costs 2-3 
times higher than would be the case when local labor is used. 

 
If the engineering costs are reduced to 50% (to $45,500) and the pumping/monitoring 
costs are also reduced to 50% (to $39,600) of those experienced on this project, the 
projected future costs are $191/1,000 gallons total and to $67/1,000 gallons operating 
cost.  These costs are considered to be reasonable for local production of drinking 
water if applied on a community-wide scale. 
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5.0 ASSESSMENTS AND RECOMMENDATIONS 

5.1 Assessment of Results 

Kleinfelder identified the following factors that, we believe, impacted the result of this 
project. The following paragraphs discuss the factors recommendations are bolded.  

5.1.1 Schedule 

This project had a performance period of 18 months, dictated largely by the 
requirements of the Governor’s Water Innovation Fund. In our proposed schedule, 
Kleinfelder expected to be able to start aquifer characterization fieldwork within one 
month of notice to proceed.  This schedule proved to be unrealistic; several months 
were required to develop support for the project within the Veguita community and to 
secure property access agreements.  At least three months should be planned for 
public relations and access agreements before any fieldwork can begin. 

Although denitrification occurs rapidly when the carbon substrate contacts nitrate, 
schedule for project performance is dependent on the time needed to bring the 
substrate in contact with the contamination.  Without having a detailed knowledge of the 
hydrogeology of the aquifer within the target zone, prediction of the time needed for 
denitrification of the entire zone is highly uncertain.  Time and budget for water 
resource characterization should be proportional to the hydrogeologic 
uncertainty.  Identify the uncertainties and clarifying is an iterative process; 
therefore, the time necessary to perform this phase of the project must be 
flexible. 

5.1.2 Project Budget 

Under the provisions of the Governor’s Water Innovation Fund, each project had to be 
proposed on a fixed-cost basis.  For a remediation project like this one, with a high 
degree of inherent hydrogeologic uncertainty, prediction of cost is difficult and the 
contractor assumes considerable risk.  In addition, public relations costs were incurred 
that had not been anticipated, and field labor costs were higher because local 
technician support could not be recruited.  Consequently, Kleinfelder experienced 
greater cost than the budget covered and completed the work at its own expense.  
Wherever possible, contracts for demonstrations of remediation technologies 
should provide a mechanism for cost recovery when unforeseeable and 
unavoidable costs are incurred.  

5.1.3 Primary Aquifer Factors Affecting Outcome 

Hydrogeologic information about the Veguita area available at the time of the proposal 
consisted of a few scattered groundwater level measurements and general geologic 
map of the area (Love, 1999).  Because of schedule and budget constraints, 
Kleinfelder’s Phase 1 investigations were limited in scope and could not be detailed 
enough to discover the local variations in hydrologic properties (hydraulic conductivity, 
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in particular) that apparently dominated groundwater flow directions and rates.  It is 
evident that: 

• Molasses solution moved rapidly, faster than denitrification could occur, through 
the target zone along preferential pathways that were essentially unaffected by 
pumping well. 

• Despite the circular array of eight injections wells around the target zone, 
denitrification occurred nonuniformly within the zone. 

Where existing hydrogeologic information is sparse, the budget should provide 
for extensive site characterization, even at the expense of budget for tasks in 
which uncertainties are less and costs are more manageable. 

5.1.4 Primary Design Factors Affecting Outcome 

The circular array of injection wells at 50 ft radius from the pumping well would be 
appropriate for an aquifer in which hydraulic conductivity was relatively homogeneous, 
an assumption that was reasonable given the minimal characterization that could be 
performed within the project schedule and budget constraints. However, considering the 
dominant effect that preferential pathways played on system performance, the well 
system design should have provided flexibility in selecting well locations based on a 
multiple-step approach (described below) that would have provided additional, step-
wise pumping and aquifer testing opportunities to better characterize the aquifer in three 
dimensions.  As developed in this project, the well pattern was selected before sufficient 
characterization could be performed, thereby locking in the design and making it 
essentially unable to be modified for changing conditions.  Although the well design and 
surface systems performed as expected, the well array should have been more readily 
adaptable to variable hydrogeologic conditions.  Well array designs should be 
developed in a step-wise process that is integrated with site characterization, 
leaving the array design flexible and adaptable to hydrogeologic conditions as 
they are discovered. 

5.2 Future Application at Veguita and in New Mexico 

This project has demonstrated the soundness of the well designs and the surface 
system design.  The well designs were typical of wells in alluvium throughout New 
Mexico and elsewhere; these well designs should be adjusted to local hydrogeologic 
conditions but, in general, can be applied in any similar hydrogeologic setting.  The 
system design was robust, relatively inexpensive, and adaptable to varying site 
conditions; it is suitable for application elsewhere with only minor adjustments to fit the 
site. 

The well array pattern used for this project is appropriate where hydraulic conductivity is 
relatively uniform in the horizontal direction.  This was not the case at Veguita, where 
our observations of system operations revealed that groundwater flow directions and 
rates are controlled by preferential flow paths.  If EISBD is applied again at Veguita or at 
any location where the hydrogeology is not well known, a coupled multi-step 
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characterization and well array design process should be implemented. This process 
may follow several different paths, one of which is: 

1. Perform initial characterization with monitoring wells and geophysical surveys, 
where appropriate; identify discrete target zones within aquifer for molasses 
injection and groundwater production. 

2. Establish a pumping well and one or two nearby monitoring wells to perform 
pumping tests. 

3. Add additional wells for more pumping tests as needed to measure or trace 
groundwater flow paths. Use well patterns that can subsequently fit into a 
treatment system. 

4. Add carbon amendment to wells selectively to measure distributions and flow 
rates of amendment. Include tracers to track flow and collect sediment samples 
or use geophysical means to map molasses distribution. 

5. Select amendments and final well spacing to optimize interception of flow paths 
and residence times to achieve denitrification objectives. 

As a treatment technology for groundwater denitrification, EISBD has been 
demonstrated to work if the carbon substrate can be brought into contact with the 
contaminated groundwater.  In this project, hydrogeologic conditions limited our ability 
to establish this contact within the available budget and schedule.  Future applications 
should place their primary focus on achieving this contact. 
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Field Operating Procedures 

 

Soil Sampling Procedure – Before collecting each soil sample, the continuous sampler 
or split-spoon sampler and other soil sampling tools will be cleaned using a solution of 
Alconox and clean tap water. The sampler will then be rinsed with additional distilled 
water. New disposable latex gloves will be used for all soil sampling procedures to 
minimize the potential for cross contamination. 

Upon retrieval of the sampler, a degreed geologist will first collect samples for field 
screening and laboratory analysis. Once these samples have been secured and 
preserved as required, the geologist will document percent recovery of the interval 
targeted for sampling and log the sample in accordance with American Society Testing 
and Materials (ASTM) standard D 2488-00 (ASTM 2000) for the description and 
identification of soils, visual-manual procedure.  

Soil samples collected for field screening by the heated-headspace method will be 
collected in accordance with the SOP below and analyzed with a Rae Systems, Model 
PGM-761S Photo-Ionization Detector (PID), or equivalent. The PID will be calibrated 
daily to 100-parts per million (ppm) using isobutylene span gas as specified in the users’ 
manual. The samples used for field-screening purposes will be collected from each 
distinct lithologic unit and obviously stained areas. At a minimum, one field-screen 
sample will be obtained from each 5-foot (ft) section of soil, where the quantity of soil 
obtained during sampling allows. 

The second soil sample or samples will be collected for possible laboratory analyses in 
laboratory-supplied glassware. Each sample will be placed on ice in a cooler until 
selection of samples for laboratory analyses is made. Selected samples will remain in 
the cooler, which will be maintained at a temperature of 4 degrees Celsius or less and 
under the custody of the sampler until properly relinquished. Chain-of custody 
documentation will follow the samples until delivered to the laboratory analysis.    

Monitoring Well Development - Development of monitoring wells shall be conducted 
in accordance with the following procedures: 

Monitoring well development equipment will be decontaminated (in accordance with our 
decontamination SOP) before any development activities are initiated.  

1. Water level measurements will be collected in accordance with our 
groundwater sampling SOP 

2. Well volumes will be calculated  

3. Well development equipment will be assembled, depending on the 
development method used (e.g., bailer or pump), and development activities 
will be initiated 



L:\2005\Projects\58326 Veguita\4.0 Project Technical Information\4.3 Project Deliverables\Denitrification Demo Project Report\Rev. 
1\Appendix D - Field Operating Procedures\Veguita Field Operating Procedures 10-1-06.doc 11/29/06 
 Page 2 of 6 Rev. 1 

4. Field parameters will be measured (e.g., temperature, pH, specific 
conductance) after each well volume and recorded in a field log book or field 
data sheet 

5. A weighted bailer will be placed in the well and lowered until it is near the top 
of the screen or water surface, the bailer will be alternately raised and 
lowered through the vertical distance of one to two feet; the velocity of the 
motion will depend upon the tightness of the formation in which the well is 
installed 

6. After surging the well a few times at a given depth, the bailer will be moved 
deeper by one or two feet;  

7. Steps 5 and 6 will be repeated until the bailer has been lowered to the bottom 
of the screened section of the well 

8. The bailer will be raised out of the well and the well will be purged of sediment 
that may have accumulated due to the surging 

9. Steps 5 through 8 will be repeated until the purge water remains clear and 
field parameters have stabilized 

If the well is pumped to dryness or near dryness, the water level will be allowed to 
sufficiently recover (to the static level) before the next development period is initiated 

All field decisions and data will be document in a field logbook. 

Fluid Level Gauging (TNRCC, 2001) 

1. Remove well casing caps from all wells to allow for water level equilibration. 

2. Start at the least contaminated well, if known. 

3. Inspect the well for signs of tampering or other damage.  If tampering is 
suspected, (i.e., casing is damaged, lock or cap is missing) this shall be 
recorded in the field log book and on the well sampling form and reported to 
the Project Manager.  

4. Note location, time of day, and date in field notebook or appropriate log form. 

5. Turn on the meter. 

6. Press the battery check button (if so equipped).  A solid tone will be heard if 
the battery is good. 

7. Lower measuring device or equivalent (i.e., permanently installed tranducers 
or airline) into well, unreeling the measuring tape from the spool of the meter 
as you go. 

8. Continue lowering the probe until a tone is heard.  This tone indicates that the 
probe has come in contact with fluid.  If using an interface probe, note tones 
that differentiate LNAPL from water. 
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9. Holding the measuring tape near the measuring reference point, alternately 
raise and lower the probe across the depth at which the tone sounds.  This 
will ensure that you have an accurate measurement of the depth to water.  
Record the distance from the surface to the referenced measuring point on 
well casing in site logbook.  Alternatively, if there is no reference point, note 
that water level measurement is from top of steel casing, top of PVC riser 
pipe, from ground surface, or some other position on the wellhead, typically 
on the north edge.  Fluid measurement should be recorded to the nearest 
0.01 foot.   

10. Measure total depth of well (at least twice to confirm measurement) and 
record in the site logbook or field data sheet.  Total depth measurements 
should be recorded to the nearest 0.01 foot. 

11. If the field investigator suspects that excessive sediment buildup may be 
occurring at the bottom of the well, the measured total depth should be 
compared with the total depth at the time of drilling (from boring log). If the 
sediment thickness exceeds one foot, or is excessively impeding the flow of 
groundwater through the well screen, the well shall be redeveloped. 

12. Decontaminate probe. 

13. If LNAPL is present, continue downward and repeat procedure.  The 
presence of LNAPL can be confirmed using a clear bailer by lowering the 
bailer to just below the top of the water surface, removing the bailer, and 
observing the contents. 

Groundwater Sampling by Bailing – Before sampling groundwater, the interface 
probe will be used to measure the depth to groundwater and to check for the presence 
of LNAPL. After the depth to groundwater is measured, each groundwater monitoring 
well will be purged to allow fresh groundwater from the aquifer to enter the well. 
Kleinfelder will attempt to remove a minimum of three well volumes of groundwater from 
each well using either disposable bailers or a small electric pump until either the 
parameters of temperature, conductivity, pH, and turbidity have stabilized, or the well 
becomes dry. Field parameters will be collected at a frequency of approximately once 
every ½ casing volume. 

New disposable latex gloves will be worn for each sampling event to minimize the 
possibility of cross contamination. Groundwater samples will be collected in laboratory-
prepared glassware using the appropriate preservative and kept on ice until laboratory 
submittal. Submittal of groundwater samples will be performed under chain-of-custody 
procedures to the selected laboratory. Kleinfelder will submit the collected samples 
under chain-of-custody.  

Groundwater Sampling using Low Flow Techniques –  

 Low-flow Purging <L/min (0.26gpm), Low-flow Sampling <300ml/min (0.3L/min or 
0.1 gpm) and Monitoring Indicator Parameters for Stability in a Closed Flow-
through Cell 
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1. SLOWLY lower the pump to the middle of the well’s screened area. (A 
dedicated system is recommended.)  Securely fasten the power cable and 
sample tubing at the top of the well. Connect the power source, controller 
box, gas source, etc., to the pumping equipment. 

2.  Connect the sample tubing to the water entry point of the closed flow-
through cell. 

 Closed Flow-Through Cell 

 Air pockets may exist in the upper neck of each port hole that has a probe 
inserted into it – this is not a problem. Just make sure the probe’s sensors 
are completely submerged in water during use. 

 Avoid exposing the flow-through cell to extreme heat and sun in the 
summer and freezing temperatures in the winter. 

3.  Set up and calibrate all indicator parameter instruments and place each 
probe into its respective port of the closed flow-through cell. 

4. Set the pump controller to the desired purging rate (i.e., <1L/min). Do not 
use a valve to reduce the flow from a pump; valves can cause an “orfice” 
effect that can cause a sample agitation and alteration. 

5. Record the “purging time start,” and start purging the well at a rate of 1 
L/min or less. During purging, the water level in the well should not 
decrease significantly and should stabilize after purging for a few minutes. 
If the water level continues to decline while purging, decrease the purging 
rate if possible. Record the “purging flow rate” as an average. Use a 
graduated beaker, cylinder, calibrated bucket or other device to measure 
the flow rate while purging and sampling. 

6a. Purge the well until you have taken at least three consecutive readings 
that are within the following ranges for the following indicator parameters: 

• Dissolved Oxygen+/- 0.2 mg/L 

• Specific Conductance+/- 5.0µmhos/ cm for values <1000 
µmhos/ cm; +/- 10.0 µmhos/ cm for values >1000
 µmhos/ cm 

• pH +/- 0.1 pH units 

• Temperature  +/- 0.1 ºC  

• Turbidity <5 NTUs (Required if metals samples will not be 
filtered. Recommended if sorptive compounds or elements 
are collected. Optional, but recommended, if other 
compounds or elements are collected). 

• Eh (optional) +/- 30 mv 
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Readings should be collected every ~2 minutes or ~0.5 well volumes or 
more apart. 
 

 Stable dissolved oxygen, specific conductance and turbidity readings are 
considered the most reliable parameters for indicating that stagnant water 
has been replaced by formation water. You may adjust the +/- ranges and 
which indicator parameters you use to indicate that stagnant water has 
been replaced by formation water to reflect site-specific data, 
geochemistry, and hydrogeologic conditions. 

 
 Turbidity stabilization and NTU readings below 5 are required if you will 

not be filtering metals samples. In addition, monitor turbidity stabilization 
when collecting sorptive, hydrophobic, or high octanol-water partition 
coefficient (Kow) compounds or elements. 

OR 
6b. Purge the well until the readings for indicator parameters listed above (or 

well-specific indicator parameters) vary within +/-10% over three or more 
consecutive readings, spaced ~2 minutes or ~0.5 well volumes or more 
apart.   

7. Record the final three stable readings for each indicator parameter on the 
“Well Specific Field Sheet – Monitoring Wells”  (Appendix A), or use the 
project specific data sheet. 

 
8.  Record the “volume purged,” “purging time stop,” “purged dry (Y/N),” and 

any problems purging. 
 

¾ Collect samples as described in the sample collection procedure. 
Record “sample flow rate” as an average, “time sample collected,” and 
any other pertinent information related to the sampling event. 

 
 

Investigation-Derived Waste Management – Cuttings from the soil borings identified 
through field-screening procedures as containing 100 ppm or greater volatile organic 
compounds (VOCs) will be placed in 55-gallon drums and disposed of at a regulated 
disposal facility. Assuming there is adequate physical space located onsite, cuttings that 
are identified as containing less than 100 ppm VOCs will be thin-spread onsite. Should 
there not be sufficient space to dispose of cutting onsite, they will be containerized, 
manifested, and transported to an off-site regulated facility. 

Groundwater not containing LNAPLs generated from well development and purging will 
be placed on an impervious surface and allowed to evaporate. Groundwater containing 
LNAPLs will be placed in 55-gallon drums and disposed of at a regulated disposal 
facility. 
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Documentation – Fieldwork will be documented in a field book and photographed. Soil 
will be described in accordance with ASTM standard D 2488-00 (ASTM, 2000) and will 
be documented on a boring log. An as-built drawing of the monitoring well(s) will be 
included in the field book. If available, contaminant screening results and groundwater 
quality results obtained in the field may be stored in automatic data loggers contained 
within the field instrumentation. 

Decontamination – The drill rig and down-hole drilling equipment will be 
decontaminated with a steam cleaner before mobilizing to the Site. The down-hole 
equipment will also be decontaminated between boring locations. All sampling and 
measuring equipment that will or may come in contact with the sample will be 
decontaminated between samples with a water/detergent wash, tap water rinse, and 
deionized water rinse.  

References 

ASTM, 2000. Designation D 2488-00, “Standard Practice for Description and 
Identification of Soils (Visual-Manual Procedure).” 

NMED, 2000. “Guidelines for Corrective Action,” March 13, 2000. 

Texas Natural Resource Conservation Commission (TNRCC), 2001. “Standard 
Operating Procedure No. 7.1, Water Level/Sediment Measurement”, April 25, 2001. 
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APPENDIX F 

EISB System Design 
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New Mexico Office of State Engineer Permit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 























 

 

APPENDIX H 

New Mexico Environment Department, Temporary Permission to Discharge 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



















 

 

APPENDIX I 

Photographs of EISB Treatment System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Photo #1:  Equipment Shed and Powerdrop 

 

 
Photo #2:  Equipment Shed Contents 



 
Photo #3:  Small Pressure Tank, Instantaneous Flow Meters, and Totalizing Flow Meters 

 

 
Photo #4:  Transfer Pumps 



 
Photo #5:  Large Pressure Tank for Supply Wells 

 

 
Photo #6:  Totalizing Flow Meters for TW-1,-2,-3, and IW-9 



 
Photo #7:  Mixing Tanks and Molasses Holding Tank 

 

 
Photo #8:  Storage Tank Array.  Large Tank on stand in front contains Molasses. 



 
Photo #9:  Trenching from Equipment Shed to Injection Wells 

 

 
Photo #10:  Injection Well Piping Installation 



 
Photo #11:  Installation of Electrical Submersible Pump in TW-2 

 

 
Photo #12:  Piping and Electrical Conduit from TW-1 to Equipment Shed 



 
Photo #13:  Injection Well Drop Pipes; Note increase in Screen slot size from 0.010 inches  

to 0.050 inches. 
 

 
Photo #14:  Piping from Injection System to Injection Well 



 

 

APPENDIX J 

Graphs of Water Level, Flow Rates, and Water Quality Data 
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