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Figure 7-1 
Conceptual Design for the Monitored Natural Attenuation Alternative 
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The estimated Total Cost of the monitored natural attenuation alternative (in 2017 dollars) is 
$8,941,487; the Present Value is $6,608,421. A detailed cost breakdown is presented in 
Appendix E. 
 
 
7.3 Evaluation of Remedial Alternatives 
 
This CME Report evaluates the monitored natural attenuation alternative using the four 
threshold and five balancing evaluation criteria prescribed by Section VII.C.3 of the Consent 
Order. 
 
The evaluation using the four threshold criteria is presented below. 
 

1. Be protective of human health and the environment:  The monitored natural 
attenuation alternative is protective of human health and the environment because: 

 
 There is no current or projected use of perched groundwater in the vicinity of 

the TAG AOC. 
 
 The nearest receptor is the Ridgecrest Well Field, located approximately five 

miles from the TAG AOC along the groundwater flow path. Contaminant 
transport modeling estimates that the highest historical nitrate concentration 
(44 mg/L) would be reduced to 0.24 mg/L before reaching the production wells, 
far below the MCL of 10 mg/L. The estimated travel time for nitrate to reach the 
Ridgecrest wells is at least 130 years (Section 3.6 and Appendix C). 

 
 There is no potential for formation of hazardous degradation products. 
 
 There are no hazards associated with implementation, operation, and 

maintenance of the remedy that cannot be easily managed. 
 

2. Attain media cleanup standard or alternative, approved risk-based cleanup 
goals:  The monitored natural attenuation alternative will achieve remedial 
objectives for nitrate primarily through dispersion, dilution, and advection. 
Recharge (past wastewater discharges) has ceased, and the Perched 
Groundwater System is predicted to dewater naturally in approximately 42 years 
(from a base year of 2017). 
 
This timeframe is reasonable, considering regulators and facilities should, where 
appropriate, take into a number of factors into account when developing cleanup 
timeframe(s) for a given facility (EPA 1996): 
 
 Potential risks from exposures to contamination:  There is no current or 

potential for exposure to nitrate at a concentration exceeding the MCL. 
 

 Current and reasonably expected future land and water use(s):  The TAG 
AOC is expected to remain under DOE control for the foreseeable future, and 
site use is not anticipated to change. There is no current or projected use of 
groundwater from the Perched Groundwater System (an artificially created 
groundwater body). 
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 Type, source(s), and extent of contamination:  The SNL/NM sources of 
nitrate (wastewater discharges) have ceased. The nitrate plume is large in areal 
extent, thin, and relatively dilute, especially compared to the KAFB nitrate 
plume to the south that commingles with the TAG AOC nitrate plume. 
 

 Hydrogeologic characteristics:  The low hydraulic conductivity typically 
present in the Perched Groundwater System limits the groundwater flow 
velocity and makes active technologies (groundwater extraction and treatment 
or in situ bioremediation) infeasible. 
 

 Reliability of exposure controls:  The area is under DOE/Sandia control. 
Institutional controls are either in place or easily implemented to prevent 
exposure. 
 

 Community preferences: To be determined during stakeholder outreach. 
 

 Financial resources of the facility:  DOE/Sandia will request adequate 
funding from Congress to operate the cleanup until remedial objectives are met.  
 

3. Control the source or sources of releases so as to reduce or eliminate, to the 
extent practicable, further releases of contaminants that may pose a threat 
to human health and the environment:  The original SNL/NM sources of the 
nitrate (sanitary waste and wastewater discharges) have been eliminated. No 
discharges have occurred since 1992. 
 

4. Comply with standards for management of wastes:  The monitored natural 
attenuation alternative would comply with all applicable state and federal 
regulations regarding waste management. 

 
The evaluation using the five balancing criteria is presented below. 
 

1. Long-term reliability and effectiveness:  Groundwater elevations have been 
declining steadily in the Perched Groundwater System for over 20 years as a 
result of the cessation of recharge from the infiltration of wastewater discharges. 
This is anticipated to continue. No risks will remain after the Perched Groundwater 
System has naturally dewatered and no contaminants will be left in place. 
Institutional and engineering controls will be maintained during the course of the 
remedy. A Contingency Plan will be developed that identifies measures that will be 
taken if the remedy does not proceed as anticipated. 
 

2. Reduction of toxicity, mobility, or volume:  Although monitored natural 
attenuation will not reduce the toxicity, mobility, or volume of nitrate, there is no 
risk to human health or the environment, even if no degradation occurred. No 
hazardous byproducts will be produced during the remedy implementation. The 
mass of dissolved nitrate in the Perched Groundwater System will decline 
proportionately to the decrease in groundwater volume. 
 

3. Short-term effectiveness:  No risks to human health or the environment have 
been identified for the TAG AOC nitrate plume. There will be no risk of worker 
exposure to contaminants during remedy implementation (groundwater sampling) 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 1:08 PM 7-11

that cannot be easily managed as part of the existing SNL/NM monitoring 
program. No additional risks would be incurred. 
 

4. Feasibility:  The monitored natural attenuation alternative is feasible and readily 
implementable. The monitoring well network is already in place. No issues have 
been identified related to remedy installation, operation and maintenance, 
permitting/approvals, availability of necessary equipment, services, and expertise. 
The alternative can be implemented quickly and easily. 
 

5. Cost:  The estimated Total Cost of the monitored natural attenuation alternative (in 
2017 dollars) is $8,941,487; the Present Value is $6,608,421. A detailed cost 
breakdown is presented in Appendix E.  

 
 
7.4 Preferred Remedy 
 
Monitored natural attenuation of nitrate is the preferred remedy. It meets the threshold criteria, is 
readily implementable, and is projected to meet the remedial objectives in a reasonable 
timeframe. 
 
Nitrate concentrations in groundwater are low at this site, are inaccessible to onsite receptors, 
and do not pose a potentially unacceptable risk to offsite receptors. Alternative 1 includes 
development of a Contingency Plan that will provide mechanisms for changing the remedial 
approach if the remedy does not proceed as anticipated. 
 
Monitored natural attenuation is the preferred remedy for the TAG AOC, because: 
 
There is No Unacceptable Risk to Receptors and / or Foreseeable Groundwater Beneficial 
Use 
 

 There is no current or anticipated use of groundwater from the Perched 
Groundwater System in the vicinity of the TAG AOC. The nearest receptor is the 
Ridgecrest Well Field located approximately five miles from the TAG AOC along 
the groundwater flow path. Modeling predicts any nitrate reaching the well field 
would be attenuated by over two orders of magnitude. Thus, there is no 
foreseeable risk to human health or threat to beneficial use of groundwater. 
 

 Although regional groundwater flow is toward the west, the primary local flow 
direction of Perched Groundwater System at the TAG AOC is toward the 
southeast, away from the Ridgecrest production wells. 
 

 Groundwater is relatively deep, approximately 269 to 340 ft bgs. There is no 
potential for direct human contact or exposure to groundwater contaminants in the 
vicinity of the TAG AOC. 
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There Are No Remaining Active Sources of Contamination Release at the TAG AOC 
 

 The original sources of nitrate (wastewater drain field, seepage pits, and surface 
impoundments) are no longer in operation (discharges ceased as of 1992).  
 

 There is no longer a driving force for downward migration of contaminants through 
the vadose zone to groundwater. There is no indication that residual nitrate in the 
vadose zone will result in future impacts to groundwater at higher concentrations 
than are now present. 

 
TAG AOC Contaminant Concentrations Are Relatively Low 
 

 Nitrate concentrations only slightly exceed the MCL. The nitrate plume in the TAG 
AOC is commingled with a higher concentration KAFB nitrate plume farther to the 
south. 
 

 The nitrate plume is dilute with no distinct areas of high concentration. 
 

 Nitrate concentrations in groundwater are variable, but generally stable.  
 
Attenuation is Projected to Occur within a Reasonable Timeframe 

 
 Natural processes are predicted to reduce concentrations to below the MCL in a 

reasonable timeframe (42 years from 2017), primarily through natural dewatering 
of the Perched Groundwater System. 
 

 The estimated duration of the monitored natural attenuation remedy is comparable 
to the timeframe at other sites with similar conditions.  

 
Site Use and Institutional Controls can be Controlled, Maintained, or Implemented 

 
 DOE is expected to retain stewardship of the site for the foreseeable future. 

 
 If land use changes at the TAG AOC, or transfer of the property from DOE control 

were to occur in the future, the protectiveness of the remedy would be 
reevaluated. 
 

 Existing or readily implementable institutional controls would prevent any exposure 
to contaminants until remedial objectives are attained. These controls would 
include site access controls and water supply well drilling restrictions. 

 
The Remedy is Readily Implementable 

 
 A monitored natural attenuation remedy is easily implemented. The monitoring well 

network is already in place.  
 

 A monitored natural attenuation remedy would have few detrimental impacts on 
ongoing programmatic operations in the area. 
 

 A monitored natural attenuation remedy minimizes safety risks to field personnel 
otherwise present during construction and operation of more active measures. 
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Performance Assurance Measures Are Included 
 

 The monitored natural attenuation remedy would include groundwater monitoring 
until remedial objectives are achieved.  
 

 A Contingency Plan would include measures to be implemented if the remedy 
does not proceed as anticipated. The Plan would include topics such as: 
 
o Groundwater elevations do not continue to decline, or drop much more slowly 

than predicted, such that the predicted 42-year lifecycle is not achievable.  
 

o Nitrate concentrations unexpectedly increase.  
 

o Land or groundwater use in the area changes such that there is potential 
exposure to contaminants, or new institutional controls are needed. 
 

o Groundwater flow direction or velocity change significantly.  
 

o Additional contamination migrates into the AOC from an upgradient source.  
 

o Substances that are not currently COCs are detected above MCLs.  
 

o Regulatory cleanup standards are adjusted (e.g., a revision to the nitrate MCL).  
 

 The public will be kept informed of the progress of the remedy by: 
 

o Annual monitoring and remedial progress reports. 
o Semiannual public meetings.  
o Remedy Performance Review Reports every ten years. 

 
 
7.5 Remedial Alternative Design Criteria 
 
Design criteria are used to measure meaningful progress toward achieving remedial objectives, 
show that the remedy remains protective to human health and the environment during the 
lifecycle of the remedy, and verifying that the remedy is in compliance with regulatory 
requirements. 
 
Analysis of performance monitoring data leads to periodic decisions on whether or not the 
remedy is performing as expected and whether or not the remedy will ultimately achieve the 
remedial objectives.  
 
Design criteria and actions for the monitored natural attenuation remedy at the TAG AOC 
include: 
 

 Measuring and plotting groundwater elevations to verify the Perched Groundwater 
System is naturally dewatering as anticipated. 
 

 Monitoring nitrate concentrations and distribution to verify that the remedy is 
performing as anticipated. 
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 1:08 PM 7-14

 Collecting groundwater monitoring data using consistent sampling and analytical 
methods in order to support operational decisions for optimizing the monitoring 
program, and for regulatory compliance. 
 

 Collecting sufficient data to support operational decisions, changes to field 
procedures, and revisions to the remedial approach (including implementation of 
the Contingency Plan, if necessary). 
 

 Implementing (or maintaining) institutional controls to protect human health and 
the environment during the remediation timeframe. 
 

 Conducting the remedial action in compliance with applicable regulatory 
requirements. 

 
These criteria (and corresponding actions) will be used in developing the detailed remedial 
design that will be included in the Corrective Measures Implementation Plan. 
 
 
7.6 Corrective Measures Implementation Plan 
 
As stated in the Section VII.D.2 of the Consent Order, the Corrective Measures Implementation 
Plan will outline the design, construction, operation, maintenance, and performance monitoring 
for the selected remedy, and a schedule for implementation. 
 
 
7.6.1 Corrective Measures Implementation Plan Outline 
 
The following is a draft outline of the key components of the Corrective Measures 
Implementation Plan and includes the required elements listed in the Consent Order. Some of 
the elements stated in the Consent Order (i.e., results of pilot tests, construction work plan, and 
engineering design drawings and specifications) are not included in this outline because they 
are not applicable to the monitored natural attenuation remedy for nitrate. 
 
The proposed outline is: 
 

1. Introduction 
 
2. Background Information 
 
3. Description of Selected Final Remedy 
 

3.1 Remediation System Objectives 
3.2 Cleanup Goals 

 
4. Remedy Implementation 
 

4.1 Implementation Team Qualifications 
4.2 Monitoring Well Network Description and Specifications 
4.3 Operation and Maintenance Plan 
4.3 Waste Management Plan 
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5. Remedy Performance Monitoring 
 

5.1 Sampling and Analysis Plan 
5.2 Contingency Plan 

 
6. Schedule 
 

6.1 Implementation Schedule 
6.2 Reporting Schedule 

 
7. Appendices 

 
 
7.6.2 Estimated Schedule for Initiating Corrective Measures Implementation and 

Associated Deliverables 
 
Table 7-1 presents the estimated Corrective Measures implementation schedule. This schedule 
includes tasks, documents, and milestones. This CME Report and the Corrective Measures 
Implementation Plan are identified deliverables and have clearly defined NMED and public 
review/comment and comment resolution periods as well as required NMED review and 
approval.  
 

Table 7-1 
Preliminary Schedule for the TAG AOC Corrective Action 

 
Activity Start Finish Milestone Comments 

Draft CCM/CME Report 3/1/2016 12/2/2016 12/2/2016 - 

Final CCM/CME Report - - - 
To be determined 
(TBD) 

Selected Remedy Fact Sheet - - - TBD 
Statement of Basis - - - TBD 

Corrective Measures 
Implementation Plan 

- - - 
TBD, within 90 days of 
final Statement of 
Basis 

Semiannual Water Level 
Measurements 

2017 2059 - - 

Semiannual Groundwater 
Sampling 
(Perched Groundwater System) 

2017 2027 - 

Ongoing during 
review/approval of 
CME Report through 
the Corrective 
Measures 
Implementation Plan 

Annual Groundwater Sampling 
(Perched Groundwater System) 

2027 2059 - - 

Annual Groundwater Sampling 
(Regional Aquifer) 

2017 2059 - - 

Annual Progress Reports 2018 2059 - - 
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Table 7-1 (Concluded) 
Preliminary Schedule for the TAG AOC Corrective Action 

 
Activity Start Finish Milestone Comments 

Remedy Performance Review 
Reports and Public Workshops 

- - 
2027, 2037, 
2047, 2057 

Every ten years. 

Corrective Measures 
Implementation Report 

- - 2059 
TBD, within 90 days of 
remedy completion 

Decommission monitoring wells 2059 2060 - 

Start time is dependent 
on receiving NMED 
approval of Corrective 
Action Complete 

Note: dates are subject to regulatory review.  
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8.0   CONCLUSIONS 

The primary conclusions of this CCM/CME Report are: 
 

 The focus of the TAG AOC investigation is the Perched Groundwater System, 
which is a thin, partially natural, dissipating water-bearing unit. This perched 
groundwater zone formed as a result of historical anthropogenic surface and 
shallow subsurface discharges between 1928 and 1992. These discharges may 
have undergone mixing with naturally occurring residual saturation as it percolated 
through the subsurface. 
 

 Nitrate is the sole COC in groundwater. 
 

 Nitrate concentrations in the Perched Groundwater System are low across the 
entire TAG AOC, and only exceed the MCL in the southeast corner of the AOC. 
 

 No production wells are completed in the Perched Groundwater System, i.e. no 
receptors exist.  
 

 There is no threat to human health and the environment. 
 

 Modeling results show a total transit time of 130 years for NPN concentrations in 
the TAG AOC to migrate southeast through the Perched Groundwater System, 
downward to the Regional Aquifer, and then to the west and northwest to the 
nearest production wells. The model-predicted NPN concentration of 0.24 mg/L 
would be far below the nitrate MCL (10 mg/L) at the nearest production well. This 
modeling only addresses the TAG AOC historical maximum nitrate concentration.  
 

 Active remedial technologies, such as groundwater extraction or in situ 
bioremediation, are unsuitable for addressing the nitrate plume at the TAG AOC. 
This is primarily due to: 

 
o The large areal extent (but dilute nitrate concentrations) within the TAG AOC 

plume. 
 

o The absence of high nitrate concentration regions in the plume that could be 
targeted by active technologies. 
 

o Low hydraulic conductivity and the thin (and decreasing) saturated thickness of 
the Perched Groundwater System, that severely restrict extraction rates (for 
groundwater extraction) or injection rates (for in situ bioremediation). 
 

o Groundwater extraction in the TAG AOC could cause higher nitrate 
concentrations in the KAFB plume that is currently located to the south, to 
migrate northward into the TAG AOC. As such, this groundwater extraction 
might reverse the hydraulic gradient.  
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o The extremely high capital and operation/maintenance costs associated with 
active technologies. 
 

o Both groundwater extraction and in situ bioremediation would provide no 
additional protection to human health and the environment because no current 
or potential future risk is present, even if nitrate concentrations in the TAG AOC 
do not decrease. 

 
 The preferred alternative (MNA of nitrate) is protective of human health and the 

environment, implementable, cost-effective, and compliant with environmental 
regulations. It is anticipated to achieve remedial objectives in a reasonable period 
of time. 

 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-1

9.0   REFERENCES 

Agency for Toxic Substances and Disease Registry (ATSDR), December 2015. Case Studies in 
Environmental Medicine Nitrate/Nitrite Toxicity, course WB2342, U.S. Department of Health and 
Human Services - Agency for Toxic Substances and Disease Registry, 135 pp. 
 
AquaVISION, July 1999. “Colloidal Borescope Investigation of the Sandia North Site,” 
AquaVISION, Albuquerque, New Mexico. July 21, 1999. 
 
ATSDR, see Agency for Toxic Substances and Disease Registry. 
 
Balleau Groundwater, Inc. (BGW), February 2001. “Preliminary Model of a Perched Zone of 
Saturation at Sandia National Laboratories, New Mexico,” Balleau Groundwater Inc., 
Albuquerque, New Mexico. 
 
Balleau Groundwater, Inc. (BGW), September 2002. “Model of a Perched Zone of Saturation at 
Sandia National Laboratories, New Mexico,” Balleau Groundwater Inc., Albuquerque, New 
Mexico, 94 pp.  
 
Bartolino, J.R., and J.C. Cole, 2002. “Groundwater Resources of the Middle Rio Grande Basin,” 
U.S. Geological Survey, Circular 1222. 
 
BGW, see Balleau Groundwater, Inc. 
 
Beller, H.R., Madrid, V.M., Hudson, G.B., McNab, W.W., Carlsen, T., 2004. Biogeochemistry 
and natural attenuation of nitrate in groundwater at an explosives test facility. Applied 
Geochemistry 19, pages1483-1494. 
 
Bodine, M.W, and Jones, B.F., 1986. The Salt Norm: A Quantitative Chemical-mineralogical 
Characterization of Natural Waters, U.S. Geological Survey Water – Resources Investigation 
Report, pp. 130.  
 
Bouwer, H., and R.C. Rice, 1976. “A Slug Test Method for Determining Hydraulic Conductivity 
of Unconfined Aquifers with Completely or Partially Penetrating Wells,” Water Resources 
Research, Vol. 12, No. 3, pp. 423-428. 
 
Brady, P.V. and Domski, P.S., 2001. Geochemical Analysis of Shallow Aquifer System at 
Sandia North, internal report - Sandia National Laboratories, New Mexico, 24 pp.  
 
Brigham Young University (BYU), 2003. “Department of Defense Groundwater 
Modeling System, Version 4.0,” developed by the Environmental Modeling Research 
Laboratory at Brigham Young University for the U.S. Department of Defense, Army 
Corps of Engineers Waterways Experiment Station, Vicksburg, Mississippi. 
http://chl.wes.army.mil/software/gms and http://www.emrl.byu.edu/gms.htm. 
 
BYU, see Brigham Young University. 
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-2

California Department of Health Services (California DHS), February 2000. Health Concerns 
Related to Nitrate and Nitrite in Private Well Water, California Department of Health Services – 
Environmental Health Investigations Branch, 4 pp.  
 
California DHS, see California Department of Health Services. 
 
Carlson, C., February 2011. “An Industrial-Sized Mess,” Weekly Alibi, v.20, no.5, February 3-9, 
2011.  
 
CE2 Corporation, September 2016. E-mail “RE: old TAG release sites,” from CE2 
Corporation, Pleasanton, CA, Sandia National Laboratories/New Mexico, 
Environmental Operations, Albuquerque, NM, with two attachments 
“Notes_HistoricalAirfieldImageryAndDocumentation_20160921.docx” and 
“Fx_ce16548_TAG_CCM_HistoricalFacilitySites_portrait_v03_20161017.pdf.” 
 
City of Albuquerque (COA), July 2016. Website http: www.cabq.gov/envservices/ 
eslandfill.html, Environmental Health Department, Environmental Services Division, City of 
Albuquerque, New Mexico.  
 
City of Albuquerque (COA), September 2016. E-mail with Excel spreadsheet “All Eubank 
analytical 2015.xlsx” from Ziegler, K.R. of COA EHD to Copland, J.R., SNL/NM ER, 23 
September 2016.  
 
COA, see City of Albuquerque. 
 
Collins, S. (Sandia National Laboratories/New Mexico), December 2000. Memo to:  All ER 
Personnel Re: Project Name Change from the “Sandia North Groundwater Investigation” to the 
“Tijeras Arroyo Groundwater Investigation,” Sandia National Laboratories, Albuquerque, New 
Mexico.  
 
Copland, J.R. and Skelly, M.F., February 2011. Internal memo – Redevelopment of SNL/NM 
Monitoring Wells TA2-W-01 and TA2-W-19, Sandia National Laboratories, Albuquerque, New 
Mexico. 
 
Daniel B. Stephens & Associates (DBS&A), April 2002. “Landfill Gas Investigation and 
Characterization Study,” prepared for City of Albuquerque by DBS&A, Albuquerque, New 
Mexico. 
 
DBS&A, see Daniel B. Stephens & Associates. 
 
Dinwiddie, R.S. (New Mexico Environment Department), September 1997. Letter to 
M.J. Zamorski (U.S. Department of Energy), “Request for Supplemental Information: 
Background Concentrations Report, SNL/KAFB.” September 24, 1997. 
DOE, see U.S. Department of Energy. 
 
Domenico, P.A., and F.W. Schwartz, 1990. Physical and Chemical Hydrogeology, John Wiley & 
Sons, New York. 
 
Earp, D. (City of Albuquerque Environmental Health Department), January 2002. Personal 
communication with J. Copland (Sandia National Laboratories/New Mexico) Environmental 
Restoration Project, Operable Unit 1309, ER Logbook ER-050, p. 148, January 9, 2002. 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-3

EPA, see U.S. Environmental Protection Agency. 
 
Freeze, R. A. and Cherry, J.A., 1979. Groundwater, Prentice-Hall, Englewood Cliffs, New 
Jersey, 604 pp.  
 
Fritts, J.E., and D. Van Hart, March 1997. “Sandia North Geologic Investigation Project Report,” 
prepared for Sandia National Laboratories Environmental Restoration Project under Contract 
AS-4959, GRAM, Inc., Albuquerque, New Mexico, 31 March 1997, 28 pp.  
 
Furman, N.S., 1990. Sandia National Laboratories – The Postwar Decade, University of New 
Mexico Press, Albuquerque, NM, 858 pp. 
 
Galloway, R. (Sandia National Laboratories/New Mexico), 2001a. E-mail to J. Copland (Sandia 
National Laboratories/New Mexico), Re:  Septic. December 12, 2001.  
 
Galloway, R. (Sandia National Laboratories/New Mexico), 2001b. E-mail to J. Copland (Sandia 
National Laboratories/New Mexico), Re:  High Performing Team. December 13, 2001.  
 
Gould, J., April 1992. Memo for Record – Subject: Nitrates, Kirtland Air Force Base – Installation 
Restoration Program, 3 pp., April 4.  
 
GRAM and Lettis February December 1995, Conceptual Geologic Model of the Sandia National 
Laboratories and Kirtland Air Force Base, prepared for Site Wide Hydrogeologic 
Characterization Project, Sandia National Laboratories, Albuquerque, New Mexico, by GRAM, 
Inc., Albuquerque NM and William Lettis & Associates, Inc., 2 volumes.  
 
Grauch, V.J.S., and Connell, S.D., 2013. New perspectives on the geometry of the 
Albuquerque Basin, Rio Grande rift, New Mexico: Insights from geophysical models of rift-fill 
thickness, in Hudson, M.R., and Grauch, V.J.S., eds., New Perspectives on Rio Grande Basins: 
From Tectonics to Groundwater: Geological Society of America Special Paper 494, p. 427-462. 
 
Harbaugh, A.W., E.R. Banta, M.C. Hill, and M.G. McDonald, 2000. “MODFLOW-2000, the 
U.S. Geological Survey Modular Ground-Water Model—User Guide to Modularization Concepts 
and the Ground-Water Flow Process,” Open-File Report 00-92, U.S. Geological Survey, Branch 
of Information Services, Denver, Colorado or http://water.usgs.gov/software/ground_water.html/. 
 
Hawley, J.W., and C.S. Haase, 1992. “Hydrogeologic Framework of the Northern Albuquerque 
Basin,” Open-File Report 387, New Mexico Bureau of Geology and Mineral Resources, Socorro, 
New Mexico. 
 
Hawley, J.W., January 2016. “A Tale of Two Mesas:  One High, Dry and Windy; the Other, 
Somewhat Less So — A Curmudgeonly* Geologist’s Groundwater / Energy-Resource 
Perspective on Current Activity and Prospects for the Future Development in the Semiarid 
Uplands of the Albuquerque – Rio Rancho Metro-Area:  East Mesa—Mesa del Sol, and the 
Southeast Heights Area Impacted by the KAFB Fuel Spill. West Mesa—Santolina, and a 
Proposed Exploratory Oil Well West of Rio Rancho,” PowerPoint presentation at the January 5, 
2016 meeting of the New Mexico Chapter of the Air and Waste Management Association, 18 
slides.  
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-4

Holloway, J.M., R.A. Dahlgren, B. Hansen, and W.H. Casey, October 1998. “Contribution of 
Bedrock Nitrogen to High Nitrate Concentrations in Stream Water,” Nature, Vol. 395, 
October 22, 1998, pp. 785–788.  
 
Holloway, J.M., R.A. Dahlgren, and W.H. Casey, 2001. “Nitrogen Release from rock and soil 
under simulated field conditions,” Chemical Geology, Volume 174, Elsevier Science B.V., 
pages 403-414. 
 
Hsin-Chi, J. Lin, D.R. Richards, C.A. Talbot, Gour-Tsyh Yeh, Jing-Ru Cheng, Hwai-Ping Cheng, 
and N.L. Jones, 1997. “FEMWATER:  A Three-Dimensional Finite Element Computer Model for 
Simulating Density-Dependent Flow and Transport in Variably Saturated Media,” U.S. Army 
Corps of Engineers Technical Report CHL-97-12, U.S. Army Corps of Engineers, Vicksburg, 
Mississippi. 
 
Hvorslev, M.J., 1951. “Time Lag and Soil Permeability in Ground-Water Observations,” Bulletin 
No. 26, Waterways Experiment Station, U.S. Army Corps of Engineers, Vicksburg, Mississippi. 
 
KAFB, see Kirtland Air Force Base. 
 
Kelley, V.C., 1954. “Tectonic Map of a Part of the Upper Rio Grande Area, New Mexico,” 
U.S. Geological Survey Oil and Gas Inv. Map, OM-157, U.S. Geological Survey. 
 
Kelson, K.I., C.S. Hitchcock, and J.B.J. Harrison, 1999. Paleoseismology of the Tijeras Fault 
Near Golden, New Mexico. Albuquerque Geology, F.J. Pazzaglia and S. Lucas (eds.), New 
Mexico Geological Society, Fiftieth Annual Field Conference, New Mexico Geological Society, 
Socorro, New Mexico, September. 
 
Kendall, C., 1998. “Chapter 16:  Tracing Nitrogen Sources and Cycling in Catchments,” in 
Isotope Tracers in Catchment Hydrology, C. Kendall and J.J. McDonnell (eds.), Elsevier 
Science B.V., Amsterdam, pp. 519–576.  
 
Kieling, J.E. (New Mexico Environment Department), September 2003. Letter to K. Boardman 
(Sandia Site Office, U.S. Department of Energy), “Tijeras Arroyo Groundwater Investigation 
Work Plan, June 2003, Sandia National Laboratories, NM5890110518-1, HWB-SNL-03-006.”  
September 3, 2003. 
 
Kirtland Air Force Base (KAFB), 2000a. “KAFB Landfills,” spreadsheet compiled by C. Dewitt, 
Manager, Installation Restoration Program, Kirtland Air Force Base, Albuquerque, New Mexico. 
 
Kirtland Air Force Base (KAFB), 2000b. “Corrective Action Units on Annual Unit Audit,” 
spreadsheet compiled by C. Dewitt, Manager, Installation Restoration Program, Kirtland Air 
Force Base, Albuquerque, New Mexico.  
 
Kirtland Air Force Base (KAFB), December 2004. Memorandum: Request for a Class 3 
Modification under 20.4.1.900 NMAC Incorporating 40 CVF 270.42 (2) to the Hazardous Waste 
permit for Kirtland AFB (NM9570024423) for 18 SWMUs, from 377th Civil Engineer Division, 
KAFB to J. Bearzi, Hazardous Waste Bureau, NMED, 7 December 2004, 67 pp.  
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-5

Kirtland Air Force Base (KAFB), February 2005. “Summary of Activities at Solid Waste 
Management Unit WP-26, Sewage Lagoons and Golf Course Main Pond, Kirtland Air Force 
Base,” prepared by MWH Americas, Inc. for the Installation Restoration Program, Kirtland Air 
Force Base, Albuquerque, New Mexico. 
 
Kirtland Air Force Base (KAFB), June 2005. “Summary of Activities at Solid Waste Management 
Unit WP-26, Sewage Lagoons and Golf Course Main Pond, Kirtland Air Force Base,” prepared 
by MWH Americas, Inc. for the Installation Restoration Program, Kirtland Air Force Base, 
Albuquerque, New Mexico. 
 
Kirtland Air Force Base (KAFB), August 2005. Phase 2, Stage 1 Abatement Report for Nitrate-
Contaminated Groundwater at Kirtland Air Force Base, New Mexico, prepared by MWH 
Americas, Inc. for the Environmental Compliance Program, Kirtland Air Force Base, 
Albuquerque, New Mexico. 480 pp. 
 
Kirtland Air Force Base (KAFB), July 2009. Letter (no subject line) from Colonel M.S. Duval, 
Commander KAFB, Headquarters 377th Air Base Wing (AFMC), Department of the Air Force to 
M.S. Sanchez, Executive Director, Albuquerque Bernalillo County Water Utility Authority, 16 
July 2009.  
 
Kirtland Air Force Base (KAFB), April 2014. “Draft Investigation Report Nitrate Characterization 
at KAFB, Albuquerque, NM,” prepared by Oneida Total Integrated Enterprises, LLC for the Air 
Force Civil Engineer Center, 96 pp. plus 10 appendices.  
 
Kirtland Air Force Base (KAFB), February 2015. “Long-Term Groundwater Monitoring Summary 
Report for Solid Waste Management Unit (SWMU) WP-26 Sewage Lagoons and Golf Course 
Main Pond,” prepared by CAPE Environmental Management Inc., for the Air Force Civil 
Engineer Center, 140 pp. 
 
Kirtland Air Force Base (KAFB), December 2015. “Draft Fiscal Year 2015 Long-Term Monitoring 
Report ST-105 Nitrate Contaminated Groundwater,” prepared by URS Group, Inc. and FPM 
Remediations, Inc. for the Air Force Civil Engineer Center. 
 
Kirtland Air Force Base (KAFB), January 2016. “Final Fiscal Year 2015 Long-Term Monitoring 
Report WP-026 Base Sewage Lagoons and Golf Course Main Pond (SWMU WP-26),” prepared 
by URS Group, Inc. and FPM Remediations, Inc. for the Air Force Civil Engineer Center. 
 
Lozinsky, R.P., 1994. “Cenozoic Stratigraphy, Sandstone Petrology, and Depositional History of 
the Albuquerque Basin, Central New Mexico,” in Basins of the Rio Grande Rift:  Structure, 
Stratigraphy, and Tectonic Setting, Geological Society of America Special Paper 291, 
pp. 73–81. 
 
Madrid, V.M., Singleton, M.J., Visser, A., and Esser, B.K., June 2013. Summary of isotopic data 
and preliminary interpretation of denitrification and age-dating for groundwater samples from 
three sites at Sandia National Laboratories, New Mexico, LLNL-TR-636381, Lawrence 
Livermore National Laboratory, 19 pp. 
 
McQuillan, D., April 2016. “Groundwater Nitrate Pollution,” draft presentation at the New Mexico 
Environment Department public meeting for groundwater monitoring issues at SNL/NM, April 
26. 15 pages. 
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-6

Moats, W. (New Mexico Environment Department), November 2001. Personal communication 
during Tijeras Arroyo Groundwater—High Performing Team meeting, ER Logbook ER-050, 
p. 148, entry by J.R. Copland, November 29, 2001. 
 
Moats, W., and L. Winn, January 1995. “Background Ground-Water Quality of the Kirtland Air 
Force Base Area, Bernalillo County, New Mexico,” NMED/DOE/AIP-95/4, AIP/DOE 
Oversight Program, Hazardous and Radioactive Materials Bureau, New Mexico Environment 
Department, Santa Fe, New Mexico. 
 
Montgomery Watson, August 2000. “Stage 1 Abatement Plan for Nitrate-Impacted Groundwater 
at WP-26, Sewage Lagoons, and Golf Course Pond (WP-26); and City of Albuquerque Sanitary 
Sewer Line Break,” prepared for Environmental Compliance Program, Kirtland Air Force Base, 
Albuquerque, New Mexico.  
 
Montgomery, Watson, Harza (MWH) Americas, Inc., July 2003. “Stage 1 Abatement Report for 
Nitrate-Impacted Groundwater at Kirtland Air Force Base, New Mexico,” prepared for 
Environmental Compliance Program, Kirtland Air Force Base, Albuquerque, New Mexico. 
 
MWH, see Montgomery, Watson, Harza. 
 
Nelson, T.L., June 1997. “Past and Present Solid Waste Landfills in Bernalillo County, New 
Mexico,” Water Resource Administration—Professional Paper, University of New Mexico School 
of Public Administration, Albuquerque, New Mexico. June 25, 1997.  
 
New Mexico Environment Department (NMED), April 2004. “Compliance Order on Consent 
Pursuant to the New Mexico Hazardous Waste Act 74 4 10:  Sandia National Laboratories 
Consent Order,” New Mexico Environment Department, Santa Fe, New Mexico. April 29, 2004.  
 
New Mexico Environment Department (NMED), October 2004. “Approved with Modifications:  
Corrective Measures Evaluation Work Plan for Tijeras Arroyo Groundwater, July, 2004,” 
October 22, 2004. 
 
New Mexico Environment Department (NMED), August 2008. Notice of Disapproval: Tijeras 
Arroyo Groundwater Investigation Report, November 2005, Sandia National Laboratories EPA 
ID# NM5890110518, SNL-05-028, New Mexico Environment Department, Santa Fe, New 
Mexico. 
 
New Mexico Environment Department (NMED), April 2009. RE: Perchlorate Contamination in 
Groundwater, Sandia National Laboratories, EPA ID#NM5890110518, New Mexico 
Environment Department, Santa Fe, New Mexico, April 30, 2009. 
 
New Mexico Environment Department (NMED), August 2009. Notice of Disapproval: Response 
to the Notice of Disapproval for the Tijeras Arroyo Groundwater Investigation Report, February 
2009, Sandia National Laboratories EPA ID# NM5890110518, SNL-05-028, New Mexico 
Environment Department, Santa Fe, New Mexico, August 12, 2009.  
 
New Mexico Environment Department (NMED), February 2010. Notice of Approval: Tijeras 
Arroyo Groundwater Investigation Report, November 2005, Sandia National Laboratories EPA 
ID# NM5890110518, SNL-05-028, New Mexico Environment Department, Santa Fe, New 
Mexico, February 22, 2010. 
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-7

New Mexico Environment Department (NMED), January 2015. Resource Conservation and 
Recovery Act Facility Operating Permit – EPA ID No. NM5890110518 issued to the U.S. 
Department of Energy/Sandia Corporation for the Sandia National Laboratories Hazardous and 
Mixed Waste Treatment and Storage Units and Post-Closure Care of the Corrective Action 
Management Unit. 
 
New Mexico Environment Department (NMED), April 2016. Summary of Agreements and 
Proposed Milestones Pursuant to the Meeting of July 20, 2015, March 30, 2016, EPA ID# 
NM5890110518, HWB-SNL-16-MISC, April 14, 2016.  
 
New Mexico Environment Department (NMED), July 2016. Notice of Approval: Annual 
Groundwater Monitoring Report, Calendar Year 2015. Long-Term Stewardship Consolidated 
Groundwater Monitoring Program, Long-Term Stewardship and Environmental Restoration 
Operations, Sandia National Laboratories, Albuquerque, New Mexico.  
 
Pazzaglia, F.J., L.A. Woodward, S.G. Lucas, O.J. Anderson, K.W. Wegmann, and J.W. Estep, 
September 1999. “Phanerozoic Geologic Evolution of the Albuquerque Area,” in New Mexico 
Geological Society 50th Annual Field Conference, Albuquerque Geology, pp. 97–114. 
 
Office of Management and Budget (OMB), February 2014. “Memorandum for Heads of 
Departments and Agencies M-14-05, 2014 Discount Rates for OMB Circular A-94.” Executive 
Office of the President, Office of Management and Budget, Washington, D.C., February 7. 
 
Pollock, D.W., 1994. “User’s Guide for MODPATH/MODPATH-PLOT, Version 3:  A Particle 
Tracking Post-Processing Package for MODFLOW, the U.S. Geological Survey Finite-
Difference Ground-Water Flow Model,” Open-File Report 94-464, U.S. Geological Survey. 
 
Powell, R.I. and McKean, S.E., 2014. “Estimated 2012 Groundwater Potentiometric Surface and 
Drawdown from Predevelopment to 2012 in the Santa Fe Group Aquifer System in the 
Albuquerque metropolitan Area, Central New Mexico,” U.S. Geological Survey Scientific 
Investigations Map 3301, 1 sheet. 
 
Reiter, M., March 1998. “Hydrogeothermal Studies on the Southern Part of Sandia National 
Laboratories/Kirtland Air Force Base—Data Regarding Ground-Water Flow Across the 
Boundary of an Intermontane Basin,” draft prepared for a Geological Society of America Special 
Paper. 
 
Sanders, M.R. and Skelly, M.F, February 2010. Internal memo – February 2010 Redevelopment 
of SNL/NM Monitoring Wells MRN-3D and TA1-W-03, Sandia National Laboratories, 
Albuquerque, New Mexico. 
 
Sandia National Laboratories/New Mexico (SNL/NM), August 1994. “Technical Area II RCRA 
Facility Investigation Work Plan,” Environmental Restoration Project, Sandia National 
Laboratories, Albuquerque, New Mexico.  
 
Sandia National Laboratories/New Mexico (SNL/NM), 1995. “Site-Wide Hydrogeologic 
Characterization Project 1995 Hydrology Testing Laboratory Results for Projects: I-25 Persons 
Section, TA2-NW1-595, MRN-2, CWL-BW4, CWL-MW2B, CWL-MW4, and CWL-MW5, 
Environmental Restoration Project, Sandia National Laboratories, Albuquerque, New Mexico, 
106 pp.  
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-8

Sandia National Laboratories/New Mexico (SNL/NM), March 1995. “Site-Wide Hydrogeologic 
Characterization Project, Calendar Year 1994 Annual Report,” Environmental Restoration 
Project, Sandia National Laboratories, Albuquerque, New Mexico. 
 
Sandia National Laboratories/New Mexico (SNL/NM), March 1996a. “Sandia North Groundwater 
Investigation Plan,” Sandia National Laboratories Environmental Restoration Project for 
U.S. Department of Energy, Albuquerque Operations Office, Albuquerque, New Mexico.  
 
Sandia National Laboratories/New Mexico (SNL/NM), March 1996b. “Tijeras Arroyo Infiltration 
Experiment,” Sandia National Laboratories/New Mexico, Albuquerque, New Mexico. 
 
Sandia National Laboratories/New Mexico (SNL/NM), February 1998. “Revised Conceptual 
Geologic Model of the Sandia National Laboratories and Kirtland Air Force Base, prepared for 
Site Wide Hydrogeologic Characterization Project, Sandia National Laboratories, Albuquerque, 
New Mexico, by GRAM, Inc., Albuquerque NM and William Lettis & Associates, Inc., 2 volumes.  
 
Sandia National Laboratories/New Mexico (SNL/NM), March 1998. “Sandia North Groundwater 
Investigation, Annual Report, Fiscal Year 1997,” Environmental Restoration Project, Sandia 
National Laboratories, Albuquerque, New Mexico.  
 
Sandia National Laboratories/New Mexico (SNL/NM), February 2001. “Environmental 
Restoration Project Long-Term Monitoring Strategy for Groundwater,” Sandia National 
Laboratories, Albuquerque, New Mexico.  
 
Sandia National Laboratories/New Mexico (SNL/NM), November 2002. “Tijeras Arroyo 
Groundwater Continuing Investigation Report,” Environmental Restoration Project, Sandia 
National Laboratories, Albuquerque, New Mexico, 448 pp.  
 
Sandia National Laboratories/New Mexico (SNL/NM), June 2003. “Tijeras Arroyo Groundwater 
Investigation Work Plan (Final Version),” Environmental Restoration Project, Sandia National 
Laboratories, Albuquerque, New Mexico.  
 
Sandia National Laboratories/New Mexico (SNL/NM), July 2004. “Corrective Measures 
Evaluation Work Plan, Tijeras Arroyo Groundwater,” Sandia National Laboratories, 
Albuquerque, New Mexico. 
 
Sandia National Laboratories/New Mexico (SNL/NM), November 2004. “Corrective Measures 
Evaluation Work Plan, Tijeras Arroyo Groundwater,” SAND2004-3247P, Sandia National 
Laboratories, Albuquerque, New Mexico. 
 
Sandia National Laboratories, New Mexico (SNL/NM), December 2004. “Corrective Measures 
Evaluation Work Plan, Tijeras Arroyo Groundwater, Revision 0),” Report SAND2004-6111. 
Environmental Restoration Project, U.S. Department of Energy, Albuquerque Operations Office, 
Sandia National Laboratories/New Mexico 
 
Sandia National Laboratories/New Mexico (SNL/NM), August 2005. “Corrective Measures 
Evaluation Report for Tijeras Arroyo Groundwater,” Sandia National Laboratories, Albuquerque, 
New Mexico. 
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-9

Sandia National Laboratories/New Mexico (SNL/NM), November 2005. “Tijeras Arroyo 
Groundwater Investigation Report,” Environmental Restoration Project, Sandia National 
Laboratories, Albuquerque, New Mexico, 548 pp. 
 
Sandia National Laboratories, New Mexico (SNL/NM), February 2009. Response to NMED’s 
“Notice of Disapproval: Tijeras Arroyo Groundwater Investigation Report, November 2005” 
Dated August 2008, Environmental Restoration Project, Sandia National Laboratories, 
Albuquerque, New Mexico, February 26, 2009. 
 
Sandia National Laboratories, New Mexico (SNL/NM), January 2010. Response to NMED’s 
“Notice of Disapproval: Tijeras Arroyo Groundwater Investigation Report, November 2005” 
Dated February 2009, Environmental Restoration Operations, Sandia National Laboratories, 
Albuquerque, New Mexico, January 19, 2010. 
 
Sandia National Laboratories/New Mexico (SNL/NM), April 2015. Installation of Groundwater 
Monitoring Wells CYN-MW14A, CYN-MW15, and TA2-W-28 and the Decommissioning of 
Groundwater Monitoring Well TA2-SW1-320, Sandia National Laboratories, New Mexico 
Environmental Restoration Operations and Long-Term Stewardship, Albuquerque, New Mexico. 
 
Sandia National Laboratories, New Mexico (SNL/NM), September 2015. Current Conceptual 
Model for Technical Area V Groundwater Area of Concern at Sandia National Laboratories, New 
Mexico, Environmental Restoration Operations, Sandia National Laboratories, Albuquerque, 
New Mexico.  
 
Sandia National Laboratories, New Mexico (SNL/NM), June 2016. “Annual Groundwater 
Monitoring Report, Calendar Year 2015,” Long-Term Stewardship Consolidated Groundwater 
Monitoring Program, Long-Term Stewardship and Environmental Restoration Operations, 
Sandia National Laboratories, Albuquerque, New Mexico, SAND2016-5158R, 559 pp.  
 
Skelly, M., S. Griffith, R. Lynch, and G. Quintana, May 2004. “Technical Memorandum—Field 
Report on the Slug Tests at Tijeras Arroyo Groundwater Investigation Wells,” prepared for 
U.S. Department of Energy, Albuquerque Operations Office by Environmental Restoration 
Project, Sandia National Laboratories, Albuquerque, New Mexico. 
 
Smith, G.A., and A.J. Kuhle, February 1998. “Hydrostratigraphic Implications of New Geologic 
Mapping in the Santo Domingo Basin, New Mexico,” New Mexico Geology, Vol. 20, No. 1.  
 
SNL/NM, see Sandia National Laboratories/New Mexico. 
 
Spearing, D.R., 1974. “Alluvial fan Deposits: Summary Sheets of Sedimentary Deposits,” 
sheet 1. Geological Society of America, January 1, 1974. 
 
Stone, B.D., J.C. Cole, and D.A. Sawyer, February 2000. “Regional Stratigraphic Framework for 
an Integrated Three-Dimensional Geologic Model of the Rio Grande Rift,” in U.S. Geological 
Survey, Middle Rio Grande Basin Study—Proceedings of the Fourth Annual Workshop, 
Albuquerque, New Mexico, February 15-16, 2000, Open File Report 00-488. U.S. Geological 
Survey, Albuquerque, New Mexico.  
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-10

Thorn, C.R., D.P. McAda, and J.M. Kernodle, 1993. “Geohydrologic Framework and Hydrologic 
Conditions in the Albuquerque Basin, Central New Mexico,” Water-Resources Investigations 
Report 93-4149, U.S. Geological Survey, prepared in cooperation with Water Utility Division, 
City of Albuquerque, Public Works Department, Albuquerque, New Mexico. 
 
Tiedeman, C., M. Kernodle, and D. McAda, 1998. “Application of Nonlinear-Regression 
Methods to a Ground-Water Flow Model of the Albuquerque Basin, New Mexico,” 
U.S. Geological Survey Water-Resources Investigations Report 98-4172, U.S. Geological 
Survey, Menlo Park, California. 
 
USACE, see U.S, Army Corps of Engineers. 
 
U.S. Army Corps of Engineers (USACE), 1979. Special Flood Hazard Information: Tijeras 
Arroyo and Arroyo del Coyote, Kirtland AFB, New Mexico, U.S. Army Corps of Engineers, 
Albuquerque District, Albuquerque, New Mexico. 
 
U.S. Department of Energy (DOE), September 1987. “Comprehensive Environmental 
Assessment and Response Program (CEARP), Phase I:  Installation Assessment, Sandia 
National Laboratories,” Albuquerque Operations Office, U.S. Department of Energy, 
Albuquerque, New Mexico.  
 
U.S. Department of Energy (DOE), October 1999. “Final Site-Wide Environmental Impact 
Statement, Sandia National Laboratories, Albuquerque, New Mexico,” DOE/EIS-0281, 
Albuquerque Operations Office, U.S. Department of Energy, Albuquerque, New Mexico.  
 
U.S. Department of Energy (DOE), March 2016. “Summary of Agreements and Proposed 
Milestones Pursuant to the Meeting of July 20, 2015,” DOE/NNSA Sandia Field Office, 
Albuquerque, New Mexico, 30 March 2016.  
 
U.S. Environmental Protection Agency (EPA), November 1986. “Test Methods for Evaluating 
Solid Waste,” 3rd ed., Update 3, SW 846, Office of Solid Waste and Emergency Response, 
U.S. Environmental Protection Agency, Washington, D.C. 
 
U.S. Environmental Protection Agency (EPA), May 1994. “RCRA Corrective Action Plan (Final),” 
OSWER 9902.3-2A, Office of Solid Waste and Emergency Response, U.S. Environmental 
Protection Agency, Washington D.C. 
 
U.S. Environmental Protection Agency (EPA), 1996. “Advance Notice of Proposed Rulemaking 
(61 FR 19432, May 1).” Available at http://www.epa.gov/docs/fedrgstr/EPA-
WASTE/1996/May/Day-01/pr-547.pdf. 
 
U.S. Environmental Protection Agency (EPA), September 1998. “Technical Protocol for 
Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water,” U. S. Environmental 
Protection Agency, Office of Research and Development, Washington D. C.  
 
U.S. Environmental Protection Agency (EPA), January 1999. “Compendium of Methods 
for Determination of Toxic Organic Compounds in Ambient Air,” 2nd ed., EPA/625/R-96/010b, 
U.S. Environmental Protection Agency, Washington, D.C.  
 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-11

U.S. Environmental Protection Agency (EPA), April 1999. “Use of Monitored Natural Attenuation 
at Superfund, RCRA Corrective Action, and Underground Storage Tank Sites,” OSWER 
Directive 9200.4-17P. 
 
U.S. Environmental Protection Agency (EPA), July 2000. “A Guide to Developing and 
Documenting Cost Estimates During the Feasibility Study,” EPA 540-R-00-002. OSWER 
9355.0-75. 
 
U.S. Environmental Protection Agency (EPA), October 2001. “Technical Drinking Water and 
Health Contaminant Specific Fact Sheet – Nitrate/Nitrite,” wysiwyg://8/http://epa.gov/OGWDW/ 
dwh/t-ioc/nitrates.html, Office of Water, U.S. Environmental Protection Agency, 
Washington, D.C. October 23, 2001.  
 
U.S. Geologic Survey (USGS), May 1990. Water Fact Sheet – Largest Rivers in the United 
States, Open-File Report 87-242, revised May 1990. 
 
USGS, see U.S. Geologic Survey. 
 
Van Hart, D., June 2003. “Geologic Investigation: An Update of Subsurface Geology on Kirtland 
Air Force Base, New Mexico,” SAND2003-1869, Sandia National Laboratories, Albuquerque, 
New Mexico.146 pp.  
 
Van Hart, D., June 2001. “Shallow Groundwater System Investigation:  Tijeras Arroyo and 
Vicinity,” Environmental Restoration Project, Sandia National Laboratories, Albuquerque, New 
Mexico. 
 
Van Hart, D., D.A. Hyndman, and S.S. Brandwein, October 1999. “Analysis of the USGS 
Isleta/Kirtland Air Force Base Aeromagnetic Survey for Application to SNL/KAFB Area Geologic 
Structure,” prepared for the Sandia National Laboratories/New Mexico Groundwater Protection 
Program, Environmental Restoration Project, Sandia National Laboratories, Albuquerque, New 
Mexico. October 15, 1999. 
 
Vukovic, M. and Soro, A., 1992. Determination of Hydraulic Conductivity of Porous Media from 
Grain-Size Composition,” Water Resources Publications, Littleton, Colorado, 83 pp.  
 
Walvoord, M.A., F.M. Phillips, D.A. Stonestrom, R.D. Evans, P.C. Hartsough, B.D. Newman, 
and R.G. Striegl, November 2003. “A Reservoir of Nitrate Beneath Desert Soils,” Science, 
Vol. 302. November 7, 2003. 
 
Wolford, R., September 1996. “Hydrologic Evaluation of a Perched Aquifer Near TA-II Tijeras 
Arroyo:  Estimating Aquifer Parameters, Water Travel Times, and Possible Sources of 
Recharge in the Perched Zone. Site-Wide Hydrogeologic Characterization Project, 
Environmental Restoration Program, SNL/NM,” GRAM, Inc., Albuquerque, New Mexico.  
 
Zheng, C., and P.P. Wang, 1999. “MT3DMS, A Modular Three-Dimensional Multi-Species 
Transport Model,” Strategic Environmental Research and Development Program (SERDP), 
U.S. Army Corps of Engineers. 
  



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 2:55 PM 9-12

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank. 
 



 

 

APPENDIX A 
Tijeras Arroyo Groundwater Investigation Historical Timeline 



 

AL/11-16/WP/SNL16:TAG CCM_CME Rpt_Dec 2016_Final.docx  146239.03015000  11/21/16 1:08 PM A-1

Appendix A 
Tijeras Arroyo Groundwater Investigation Historical Timeline 

 
Year Event Reference

1928 

Land-use development began in 1928 when the public Albuquerque Airport 
was built. Renamed Oxnard Field in 1929, the airport was used until late 
1939 when the vicinity of Oxnard Field was purchased by the federal 
government for use as an Army Air Depot Training Station, later to be 
known as Sandia Base.  

www.airfields-
freeman.com;  
CE2 Corporation 
September 2016 

1939 

In 1939, public airline service was moved approximately four miles to the 
west of Oxnard Field where the Albuquerque Municipal Airport was built. 
Using the municipal set of runways, the Albuquerque Army Air Base began 
operations in 1941 

www.econtent.enm.edu 

1945 
 “Z Division” of the Manhattan Engineers District, an extension of the original 
Los Alamos Laboratory, was established at Sandia Base in the area that 
would become known as TA-I 

Furman, 1990 

1946 

After World War II, the old Oxnard Field runways and an extensive grid of 
taxiways were used for parking aircraft. Starting in 1946, the War Assets 
Administration managed the sale or dismantlement of approximately 2,250 
surplus military aircraft. 

www.militarymediainc.com 

1947 
Wastewater and septic water discharges begin at TA-II. (All cease during 
1992.) 

SNL/NM November 2005 

1948 
Wastewater and possibly septic water discharges begin at SWMU 46. (All 
cease during 1974.) 

SNL/NM November 2005 

1949 
The independent Sandia Laboratory was established. Existing buildings in 
TA-I were remodeled. New buildings in TA-I and TA-II were constructed.  

Furman 1990 

1977 Construction of TA-IV began in 1977. SNL/NM June 2016 

1987 
The Comprehensive Environmental Assessment and Response Program 
was established to evaluate specific release sites at SNL/NM.  

DOE September 1987 

1989 The ER Project begins conducting site investigations.   

1992–
1993 

SNL/NM began to investigate groundwater at TA-II. The shallow Perched 
Groundwater System was discovered with the installation of wells TA2-
SW1-320, TA2-NW1-325, and TA2-NW1-595. The presence of the Regional 
Aquifer was previously known.  

SNL/NM March 1995a 

1994 First detection of TCE in groundwater samples.  SNL/NM March 1996a 

1995 
First detection of TCE above the EPA MCL of 5 µg/L in TAG groundwater 
samples.  

SNL/NM March 1996b 

1996 Sandia North Groundwater Investigation Plan submitted to the NMED. SNL/NM March 1996a 
1996 Shallow (perched) Water-Bearing Zone Hydrologic Evaluation prepared. Wolford September 1996 
1996 Pressure transducer program initiated for select monitoring wells. SNL/NM March 1998 

1997 Sandia North Geological Investigation Project Report submitted. 
Fritts and Van Hart March 
1997 

1997 
Downhole geophysical surveying (electromagnetic induction, neutron, and 
natural gamma) completed on 21 SNL/NM and KAFB monitoring wells.  

SNL/NM March 1998 

1999 
Colloidal borescope investigation performed on 18 Perched Groundwater 
System monitoring wells. 

AquaVISION July 1999 

1999 
Analysis of the USGS aeromagnetic survey performed to revise the 
interpretation of the SNL/NM and KAFB area geologic structure.  

Van Hart et al. October 
1999 

2000 
At NMED direction, the TAG High Performing Team held its first meeting in 
Albuquerque, NM. 

SNL/NM June 2003 

2000 
Project name changed from the Sandia North to the Tijeras Arroyo 
Groundwater Investigation. 

Collins December 2000 

2001 Geologic model of the Perched Groundwater System updated. Van Hart June 2001 

2002 
Complete the calibration of the three-dimensional modeling of the TAG 
vicinity using finite element numerical code (FEM-WATER).  

Balleau Groundwater Inc., 
September 2002 

2002 TAG Continuing Investigation Report submitted to the NMED. SNL/NM November 2002 
2003 Subsurface geology at KAFB, including the TAG area, updated. Van Hart June 2003 
2003 TAG Investigation Work Plan submitted to the NMED. SNL/NM June 2003 

Refer to footnotes at end of table. 
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The direction of groundwater flow in the regional aquifer is to the northwest toward the KAFB, 
COA, and VA water-supply wells.  The horizontal hydraulic gradient in the regional aquifer 
across the central portion of the TAG area is approximately 0.009 ft/ft with steeper gradients 
evident near the mountain front.  Potentiometric surface elevation contours are shown on 
Figure 2-3 for the regional scale of the federal property and Figure 2-4 at the more local scale 
of the Tijeras Arroyo area. 

On SNL/NM and KAFB property, the predominant groundwater flow was westward prior to water 
resources development (Bexfield and Anderholm 2000).  Recent potentiometric surface elevation 
contour maps and numerical modeling studies show the significant hydrologic influence of the 
pumping centers just north of the federal boundaries.  The Ridgecrest supply wells, in particular, 
are completed less than 1 mile north of the federal boundary and are screened in the north-south 
trending fluvial deposits (ARG).  The capture zones of these wells extend south onto federal 
property (SNL/NM 2001b; Plate 3-2).  The U.S. Air Force owns and operates a less influential 
network of supply wells within the federal boundaries.  Together, these pumping centers contribute 
to the present post-development north-northwest groundwater flow direction in the ARG 
lithofacies. 

2.2.6 Hydrostratigraphic Units 

The aquifer in the alluvial fan lithofacies consists of fine-grained, layered, clay-rich sediments of 
the alluvial fan lithofacies of the Santa Fe Group.  These sediments interfinger with the highly 
permeable sediments of the ARG to the west.  The horizontal hydraulic conductivity of the 
alluvial fan lithofacies ranges from about 0.001 to 44.7 ft/day (SNL/NM 2002).  The horizontal 
hydraulic conductivity of the ARG is as high as 150 ft/day.  The vertical hydraulic conductivity 
of both lithofacies is considered to be much lower because of the layered characteristics of the 
sediments.  The effective porosity (a measure of the interconnected pore spaces in the alluvial 
fan lithofacies) is approximated from measurements of total porosity and moisture content to be 
25%. 

2.2.7 Groundwater Flow in Alluvial Fan Lithofacies 

Groundwater in the alluvial fan lithofacies is derived principally from mountain-front recharge 
to the east.  Groundwater in the regional aquifer flows generally to the northwest in the TAG 
area through the low-permeability alluvial fan lithofacies.  Potentiometric contours indicate that 
groundwater flowpaths intercept the high-permeability ARG lithofacies and turn to the north in 
response to pumping at the large municipal well fields north of KAFB. 

2.3 Distribution of Groundwater Contaminants  

Contaminants of concern within the SNL/NM AOR include nitrate and TCE located within the 
perched system.  The distribution of TCE is discontinuous across the perched system and does 
not indicate a single release site.  Based upon the historic use of chlorinated solvents across 
SNL/NM and KAFB, the known extent of TCE in groundwater is probably associated with 
multiple releases of aqueous-phase solvents and subsequent transport through the vadose zone. 
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Figure 2-3.  Subregional potentiometric surface elevation contour map for basin fill 
deposits, 2000. 

From SNL/NM 2000 
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Figure 2-4.  Potentiometric surface map for the regional aquifer in the TAG area, March 2002. 
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TCE concentrations in samples from three SNL/NM perched system wells (TA2-W-19, TA2-W-
26, and WYO-4) have exceeded the maximum contaminant level (MCL) of 5.0 µg/L for TCE.  
The maximum historical concentration of TCE in the perched system was 9.6 µg/L, detected in 
March 1998 in a sample from well TA2-W-26.  TCE detected in samples from well WYO-4 are 
not considered to be within the scope of the CME.  Well WYO-4 is an SNL/NM monitoring well 
that is located on KAFB property.  Given that none of the SNL/NM potential release sites are 
near well WYO-4 and that groundwater flow in the perched system is to the southeast, the TCE 
concentrations present in WYO-4 are considered to represent contamination from an upgradient 
KAFB source.  Therefore, concentrations observed in samples from this well are not considered 
in this transport evaluation.  More recently, (October 2004) the maximum detected TCE 
concentration in samples from SNL/NM AOR wells (not including WYO-4) was 4.65 µg/L in a 
sample from TA2-W-19 (SNL/NM 2005a). 

According to KAFB Installation Restoration Program terminology, nitrate contamination in the 
perched system forms what is referred to as “Plume 3” (MWH Americas, Inc., 2003).  Plume 3, 
which is centered on monitoring well TA2-SW1-320, is located under the southwest portion of 
TA-II and may extend southward to TJA-7.  Monitoring wells in the perched system that have 
nitrate concentrations below the MCL surround these wells.  The plume is 0.3 miles long and 
0.2 miles wide (MWH Americas, Inc., 2003) and is thought to emanate from Solid Waste 
Management Unit (SWMU)-165, the Building 901 Septic System.  The maximum historical 
concentration of nitrate in the perched system within the SNL/NM AOR was 44 mg/L in water 
from wells TA2-W-19 (in January 1996) and TA2-SW1-320 (in November 2001).  More 
recently, (October 2004) the maximum detected nitrate concentration in a SNL/NM perched 
zone well was 27.1 mg/L (as nitrogen) in a sample from well TJA-7 (SNL/NM 2005a).  

At no time has an SNL/NM regional aquifer or merging zone well exceeded the MCL for TCE, 
and generally, TCE has not been detected in regional aquifer monitoring wells (with the 
exception of a historic peak of 3.2 µg/L in well PGS-2 and an estimated value of 0.6 µg/L in 
TJA-3). 

The maximum historical concentration of nitrate within the SNL/NM AOR for wells completed 
in the regional aquifer system was 49 mg/L in merging zone well TJA-4.  However, this is the 
only SNL/NM regional aquifer monitoring well that has ever had nitrate concentrations that 
exceed the MCL (10 mg/L).  The nitrate contamination in the regional aquifer southeast of TA-II 
forms what is referred to as “Plume 4” (MWH Americas, Inc., 2003).  Plume 4 is most likely 
responsible for the nitrate concentrations in TJA-4, a well completed in the zone of merging.  
The plume is 1.9 miles long and 1 mile wide and is associated with the active KAFB Landfill 
(MWH Americas, Inc., 2003). 

2.3.1 Implications of Contaminant Distribution to Numerical Modeling 

Nitrate and TCE are the COCs considered in the numerical modeling study.  These contaminants 
are likely distributed in various locations within the SNL/NM AOR perched zone.  The locations 
of concern for the current study are defined by the monitoring wells in which historical 
concentrations have exceeded MCLs.  These monitoring wells are TA2-W-26 (TCE), TJA-7 
(nitrate), and TA2-SW1-320 (nitrate).  The historical maximum observed concentrations were 
considered when interpreting the results of the modeling study, even though the most recently 
observed concentrations in samples from these wells are substantially lower. 
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3.0 MODELING APPROACH 

A numerical modeling study was performed to evaluate reduction in contaminant concentrations 
during transport from the perched system to potential downgradient receptors at pumping centers 
in the ARG lithofacies, including the Ridgecrest well field (COA municipal water production) 
and other potential pumping wells associated with KAFB and the VA. 

The flow path from the perched system to potential pumping wells was estimated based on 
potentiometric data and hydrogeologic properties, as described in Section 2.0.  A numerical 
modeling approach was devised for estimating the effects of dilution during transport on a 
conservative solute.  This approach involved simulating three regions, including: (1) an estimate 
of flow out of the perched system, (2) transport through an alluvial fan model section, and (3) 
transport through an ARG model section.  These simulated regions are shown in Figures 3-1 and 
3-2, and the following is a short description of each: 

1. Perched Groundwater System Estimate of Flow.  This region included the perched 
groundwater system between the current location of contaminants and the zone of 
merging of the perched system and regional aquifer.  This section was simulated as flow 
into the alluvial fan model section, which was estimated from observed aquifer 
parameters. 

2. Alluvial Fan Model Section.  This region included northwestern groundwater flow in 
alluvial fan lithofacies.  A 1.4-mile long cross-sectional model was devised for this 
section in which the estimate of flow from the perched system comprises a portion 
(2.2%) of the total flow through the alluvial fan model section. 

3. ARG Model Section.  Groundwater flows northward through this region toward COA 
pumping centers.  This region was simulated using a 10-mile long cross-sectional 
approach in which flow from the alluvial fan section formed a portion (11.5%) of the 
total flow through the ARG section. 

The following are the general methods, assumptions, and limitations of the numerical modeling 
approach: 

• The cross-sectional models developed for the alluvial fan and ARG model sections used the 
Department of Defense Groundwater Modeling System (GMS), employing the 
MODFLOW groundwater model (Harbaugh et al. 2000) and the MT3DMS transport model 
(Zheng and Wang 1999) with GMS pre- and post-processors (BYU 2003). 

• The numerical modeling approach intentionally did not account for the processes of 
dispersion, sorption, or degradation.  Therefore, the approach is conservative and 
concentrations are intentionally overestimated because these processes will decrease 
concentrations further (where active on a particular contaminant). 
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Figure 3-1.  Regional potentiometric surface map and location of simulated regions. 
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Figure 3-2.  Local potentiometric surface map and location of simulated regions. 
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• The numerical modeling approach simulated groundwater flow in the upper portion of the 
regional aquifer.  This aquifer is estimated to have a saturated thickness in excess of 
1,000 ft (SNL/NM 2004a).  The approach assumed transport through single-layer 
numerical models that are 100 and 600 ft deep.  This approach is conservative because it 
neglects additional dilution that might occur as groundwater from shallow and deep 
aquifer zones is mixed at production wells. 

• As the solute moved from one hydrogeologic simulation to the next (i.e., from the 
alluvial fan model section into the ARG model section), the solute was simulated to be 
instantaneously mixed with pristine water throughout the model cells.  This mixing is 
more likely to occur along the flow path or during withdrawal at pumping centers.  As a 
consequence, the numerical modeling is useful for evaluating the relative reduction in 
concentration as it pertains to pumping wells completed in the ARG lithofacies, but 
should not be used for interpreting concentration changes at more localized scales. 

• No flow was assumed to move across the transverse boundaries of the cross-sectional 
models because the sections were considered to be parallel to the flow path derived from 
the potentiometric surface. 

• The width (cross-gradient dimension) of the cross sections was simulated to be 6,000 ft.  
This width is the width over which flow is estimated from the perched system (Section 
3.1) and is used for each of the model sections (Sections 3.2 and 3.3). 

• The simulated porosity of the material (25%) was constant throughout the numerical 
modeling sections.  This value is a reasonable and accepted value for porous media 
(SNL/NM 2004a). 

• Solute concentrations were simulated relative to an initial concentration of 1 unit 
(or 100%).  The concentration in the simulated flow from the perched system was 1 unit 
concentration for the duration of the simulation.  The numerical models were run until 
steady state concentrations were achieved at the downgradient boundary of the ARG 
model section simulating the Ridgecrest well field. 

• The expected maximum concentration of contaminants at potential and existing 
production wells in the ARG lithofacies was estimated in Section 4.0. These estimates 
were based on applying the relative simulated concentration of solute in the ARG model 
section to observed historical maximum concentrations in the SNL/NM AOR.  The 
concentrations are conservative estimates of the contribution of nitrate and TCE that may 
be transported from the SNL/NM AOR to production wells. 

Table 3-1 provides summary information and input parameters for each of the three modeled 
regions.  Sections 3.1 through 3.3 provide detailed information and input parameters about the 
simulation. 
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Table 3-1.  Summary information and input parameters. 

  

Perched System 
Estimate of Flow 

(Section 3.1) 

Alluvial Fan 
Model Section 
(Section 3.2) 

ARG Model  
Section 

(Section 3.3) 

Flow model length N/Aa 1.4 miles 10.0 miles 

Cell width 6,000 ft 6,000 ft 6,000 ft 

Vertical saturated 
Thickness 20 ft 100 ft 600 ft 

Number of cells N/Aa 15 88 

Upgradient boundary type N/Aa constant head 
no flow, simulating 
groundwater flow 

divide 

Downgradient boundary 
type 

Is an approximation 
of the zone of 

merging as shown 
on Figure 3-2 

constant head constant head 

Hydraulic conductivity  1.6 ft/day 14.1 ft/day 150 ft/day 

Effective porosity N/Aa 25% 25% 

Potential receptor locations None None 

Ridgecrest municipal 
pumping wells, 

KAFB supply wells, 
and VA supply wells 

a.  The perched system flow was estimated using the approach outlined in Section 3.1, which did not involve the 
use of a MODFLOW numerical model. 

3.1 Estimate of Flow from the Perched Groundwater System  

As stated in Section 2.0, the SNL/NM AOR includes perched system groundwater contaminated 
with TCE and nitrate.  Groundwater in the perched system is known to merge with the regional 
aquifer within the zone of merging depicted on Figure 3-3.  This section summarizes an estimate 
of discharge from the perched groundwater system through the zone of merging and into the 
alluvial fan lithofacies of the regional aquifer (Section 3.1.1) and an estimate of transport time of 
contaminants to the zone of merging (Section 3.1.2).  
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Figure 3-3.  Perched system illustration. 
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3.1.1 Estimate of Perched Groundwater System Discharge 

Contaminants in the perched groundwater system will continue to move with ambient 
groundwater flow southeast to the zone of merging.  At the zone of merging groundwater from 
the perched groundwater system discharges into the alluvial fan lithofacies of the regional 
aquifer.  A conservative approach to estimating this discharge is based on the following 
assumptions: 

• Groundwater from the perched system was assumed to move instantaneously into the 
regional aquifer where flow lines cross the transect (shown on Figure 3-3) as if the 
perching layer suddenly ended.  It is recognized that the zone of merging more likely 
occurs gradually as the perching horizon becomes more permeable.  However, the 
assumption is conservative with respect to downgradient solute concentration and travel 
time because the transect was chosen to intentionally minimize the total distance of the 
flow path in both the perched system and the regional aquifer. 

• The width (W) over which the merging occurs is approximately 6,000 ft, which is based 
on the distribution of nitrate and TCE and the extent of the perched system.  This width is 
shown in Figure 3-3 as the cross-gradient transect of the perched system at the northern 
end of the zone of merging. The potential contribution of TCE and nitrate contaminated 
groundwater to the total flux across the 6,000-ft transect is also illustrated in Figure 3-3, 
which is used for interpretations in Section 4.2. 

• The saturated thickness (D) of the perched groundwater system at the zone of merging 
ranges from 10 to 30 ft (see Section 2.0). 

• The hydraulic gradient (i) within the perched system is 0.008 ft/ft.  This estimate is based 
on the distance between the 5,090-ft and the 5,070-ft potentiometric surface elevation 
contours, but the estimated gradient is also the same as the overall average gradient for 
the perched system (see Section 2.0). 

• Horizontal hydraulic conductivity (KH) ranges from 0.05 to 3.1 ft/day (see Section 2.0). 

Given the assumptions listed above, the discharge of groundwater out of the perched 
groundwater system was estimated using the following equation derived from Darcy’s Law 
(Equation 1): 

Q = KH iA = KHiWD         Equation 1. 

where 

Q = flow in ft3/ day 

KH = horizontal hydraulic conductivity in ft/day 

i = hydraulic gradient 

A = area in ft2 

W = width in ft 

D = saturated thickness in ft. 
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Considering the range of hydraulic conductivity and saturated thickness, the discharge from the 
perched system ranges from 24 ft3/day (D = 10 ft and KH = 0.05 ft/day) to 4,460 ft3/day (D = 
30 ft and KH = 3.1 ft/day) across the 6,000 ft wide transect.  The value used as flow input into the 
alluvial fan model section is 4,460 ft3/day.  The highest estimated value was used for subsequent 
model inputs in order to intentionally estimate the upper limit of perched groundwater system 
discharge to the regional aquifer.  As a consequence, the overall transport evaluation is made 
more conservative (i.e., intentionally estimates the upper limit of solute concentration) because 
the upper limit of solute flux into the alluvial fan section is used. 

The concentration in the simulated flow from the perched system into the alluvial fan model 
section was 1 unit concentration for the duration of the simulation.  This approach allows for a 
conservative evaluation of solute concentration reduction as it is transported to potential 
receptors but is recognized to overestimate the mass of both TCE and nitrate, as neither of these 
contaminants is distributed at the maximum concentration over the 6,000-ft cross-gradient 
length.  The results of the transport simulation were interpreted using actual observed 
concentrations in Section 4.2. 

3.1.2 Estimate of Transport Time 

An estimate of transport time of contaminants through the perched system was made using the 
same assumptions stated in Section 3.1.1.  Additional assumptions necessary for this estimate 
are: 

• The porosity (η) of the material is 25%, which is the accepted value for the perched 
system materials (SNL/NM 2004a) and is assumed to represent effective porosity. 

• The length of travel (L) of contaminants is the shortest distance between the three 
monitoring wells of concern (TA2-W-26 [TCE], TJA-7 [nitrate], and TA2-SW1-320 
[nitrate]) and the transect shown in Figure 3-3.  The estimated distances are shown in 
Table 3-2. 

• Contaminants are conservatively transported with ambient groundwater flow without 
retardation. 

The groundwater velocity is estimated using the following equation: 

η
ν

iK H=            Equation 2. 

where 

ν = velocity of the groundwater and contaminants in the groundwater, ft/day 

KH = Horizontal hydraulic conductivity, ft/day 

i = hydraulic gradient, ft/ft 

η = porosity. 
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The travel time is then given by solving the equation for velocity (ν = L / time) for time.  As 
shown on Table 3-2, the estimated travel times range from less than 100 years to several 
thousand years based on the horizontal hydraulic conductivity used.  In order to be conservative 
(intentionally estimate the minimum travel time), the minimum travel times for each contaminant 
have been used for the interpretations summarized in Section 4.2.  These travel times are 
60 years for TCE and 70 years for nitrate. 
 

Table 3-2.  Estimate of contaminant travel time in the perched system. 

  

Horizontal Hydraulic 
Conductivity  
(KH ), ft/day 

Velocity 
(v), 

ft/day 
Length (L),  

ft 
Time,  
years 

TJA-7 area (TCE) 0.05 0.002 2,200 3,800 

TA2-SW1-320 area 
(nitrate) 0.05 0.002 3,500 6,000 

TA2-W26 area 
(nitrate) 0.05 0.002 2,700 4,600 

TJA-7 area (TCE) 3.1 0.10 2,200 60 

TA2-SW1-320 area 
(nitrate) 3.1 0.10 3,500 96 

TA2-W26 area 
(nitrate) 3.1 0.10 2,700 70 

3.2 Alluvial Fan Model Section 

The alluvial fan model section represents the groundwater flow system that extends west and 
northwest through the low-permeability alluvial fan lithofacies of the Albuquerque Basin from the 
mountain front to the high-permeability ARG lithofacies, as observed on the local potentiometric 
surface map (Figure 3-2).  Flow through the alluvial fan lithofacies is horizontally preferential 
because of the layered, lenticular nature of these deposits.  Water along this flowpath generally 
originates from mountain-front recharge to the east and infiltrating recharge in the vicinity of the 
zone of merging from Tijeras Arroyo and other sources. 

Model Grid—The numerical model represents a groundwater flowpath that extends 1.4 miles 
northwest from an arbitrary location in the zone of merging to a location representing the 
junction between the alluvial fan and the ARG, as shown in Figure 3-2.  The model section 
consists of a single layer, with the top approximately 10 ft above the altitude of the simulated 
potentiometric surface and the bottom at an altitude 100 ft lower than the top (approximately 
90 ft of saturated thickness).  The model section consists of a single row (with 15 cell columns 
from southeast to northwest) with cell dimensions 500 ft long (in the direction of flow) and 
6,000 ft wide. 
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Model Boundaries and Hydrologic Properties—The flow system was simulated with an average 
horizontal hydraulic gradient of 0.009 ft/ft.  An upgradient constant head boundary (4,944 ft) 
represented mountain front recharge, and a downgradient constant head boundary (4,880 ft) 
represented the intersection of the alluvial fan lithofacies and the ARG lithofacies.  Actual 
observations of the potentiometric heads at these locations were not available and were 
furthermore complicated by the anomalous water levels in the zone of merging monitoring wells.  
Therefore, the constant heads at the boundaries were interpolated from the observed water levels in 
five monitoring wells (KAFB-0311, KAFB-0307, TA2-W-24, TA2-NW1-595, and TA1-W-02). 

The horizontal hydraulic conductivity of 14.1 ft/day was determined by adjusting the model to 
produce the calibrated flow into the ARG model cells, which represents underflow into the ARG 
lithofacies from mountain front recharge (see Section 3.3).  This hydraulic conductivity value is 
considered a reasonable representation given that the horizontal hydraulic conductivity in the 
alluvial fan lithofacies of the regional aquifer is expected to range from 0.001 to 44.7 ft/day 
(SNL/NM 2002).  In addition, a United States Geological Survey (USGS) regional flow model 
used an east-west range of hydraulic conductivity ranging from 8 to 15 ft/day in cells simulating 
alluvial fan deposits (Bexfield and McAda 2003). 

Calibration—Simulated heads were compared to observed water levels in five monitoring wells 
(see Figure 3-4).  The constant head elevations were intentionally chosen to produce a hydraulic 
gradient of approximately 0.009 ft/ft and simulate a gradient approximated by these water level 
observations.  The relatively minor deviation in observed water levels from simulated head is 
likely a result of heterogeneity of the alluvial fan lithofacies, while the model assumed 
homogeneous properties.  The cross-sectional flow model permitted a reasonable representation 
of flow and transport. 

Flow Model Results—Simulated flow through the cross-sectional model moved from southeast 
to northwest.  An average flow of approximately 70,000 ft3/day moved out of the model at the 
downgradient constant-head boundary during the simulation, representing flow out of a 6,000-ft 
wide section of the alluvial fan deposits into the ARG. 
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Figure 3-4.  Comparison of simulated and observed potentiometric head along the 
alluvial fan model section. 

3.3 Ancestral Rio Grande Model Section 

The ARG model section begins south and west of KAFB near an estimated groundwater divide 
separating flow toward pumping centers to the north from natural system flow to the south.  The 
section represents flow northward through the high-permeability ARG lithofacies, as inferred 
from water-table contour maps (Figure 3-1).  Groundwater along this flowpath generally accretes 
from underflow out of alluvial fan deposits to the east and recharge from the Rio Grande to the 
west.  The ARG model section simulated accretion of underflow out of the alluvial fan 
lithofacies to the east. 

Grid—The ARG model section represents a groundwater flowpath that extends 10 miles north 
from the estimated groundwater flow divide to the Ridgecrest well field.  The model section 
consists of one layer, with the bottom at an altitude of 4,400 ft.  This bottom elevation includes 
most of the aquifer thickness presently utilized by pumping wells but does not account for flow 
within underlying Santa Fe Group sediments. 

The model section consists of 88 cells, with cell dimensions 600 ft long (direction of groundwater 
flow) and 6,000 ft wide (cross-gradient).  The width dimension represents most of the flow through 
the ARG that would be derived from accreted flows from the east. 
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Model Boundaries and Hydrologic Properties—The estimated groundwater divide to the 
south was simulated as a no-flow boundary.  The cumulative cone of depression in the water 
table in the vicinity of the Ridgecrest well field has steadily developed over time because of 
continuous pumpage to meet municipal requirements.  In the cross-sectional model, this well 
field was represented at the northern terminus of the flowpath by a constant head at an altitude of 
4,850 ft, which was the approximate water level in well Ridgecrest 4 in 2000.  Accreted 
underflow originating from mountain fronts east of the ARG was represented by injection wells 
in each cell along the section. 

A previous regional flow model used a hydraulic conductivity of 150 ft/day to represent the 
ARG (Bexfield and McAda 2003).  This hydraulic conductivity was used uniformly in the 
steady-state ARG model section.  Horizontal to vertical anisotropy was not represented in the 
one-layer model.  An effective porosity of 25% was assigned to model cells based on the 
regional numerical model. 

Calibration—The model was calibrated to observed water levels by adjusting injection-well 
contributions representing accreted underflow in each cell.  Simulated heads were compared to 
observed water levels in five wells along the section (Figure 3-5).  The cross-sectional flow 
model was not calibrated further because the intent was not to exactly reproduce distribution of 
head but to permit a reasonable, representation of flow and transport to the Ridgecrest well field.  
The calibrated injection rate representing underflow was 7,000 ft3/day into each cell. 
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Figure 3-5.  Comparison of simulated and observed potentiometric head along the ARG 
model section 
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Simulation of the Alluvial Fan/ARG Model Section Interface—Groundwater flow and solute 
transport from the alluvial fan into the ARG were simulated by using the flow and concentration 
out of the alluvial fan model section as direct input into the ARG model section.  This was 
possible due to the following characteristics of these two flow models: 

• Flow out of the alluvial fan model section was approximately 70,000 ft3/day, 

• Calibrated injection rate into each ARG model section cell was 7,000 ft3/day, which was 
meant to simulate underflow from alluvial fan lithofacies, 

• Width (cross-gradient) of the alluvial fan model section was 6,000 ft, and 

• Length (with the gradient) of the ARG model section cells was 600 ft. 

Therefore, the flow out of the alluvial fan model section into the ARG model section was 
simulated as 7,000 ft3/day into imaginary injection wells located in 10 cells of the ARG model 
section.  These 10 cells were between 0.8 and 1.9 miles upgradient of the Ridgecrest well field.  
This location is shown in Figures 3-1 and 3-2. 

This simulated solute bearing underflow represents the flux of contaminants from the alluvial fan 
lithofacies into the ARG lithofacies.  As shown in Figure 3-6, the solute flux out of the alluvial 
fan model section into the ARG model section was simulated by stepping concentrations up 
throughout the breakthrough period and holding constant at the maximum concentration for the 
rest of the simulation.  Solute injected into the ARG wells was assumed to mix completely with 
ambient water in the cell.  This mixing will more likely occur as the solute is transported 
downgradient or during withdrawal at pumping centers.  The assumption was not considered to 
be conservative with respect to downgradient concentrations but provided a qualitative 
assessment of the overall effect of dilution in the ARG prior to reaching potential receptors 
where groundwater is withdrawn. 

Flow Model Results—Simulated flow through the ARG model section moved from south to 
north.  A flux of 609,000 ft3/day moved out of the model at the downgradient constant-head 
boundary, representing flow out of a 6,000-ft wide strip of the ARG deposits into the area of 
influence of the Ridgecrest well field.  For comparison, the annual withdrawal for all COA 
municipal wells for 2000 was estimated to be 110,000 acre-ft, or 13.1 million ft3/day.  The model 
of ARG groundwater flow represented less than 5% of total COA withdrawals.  This 
representation was considered to be reasonable given the known distribution of head, hydraulic 
conductivity values, and water-withdrawal data. 
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Figure 3-6.  Illustration of solute flux simulation from the alluvial fan model section into the 
ARG model section. 
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4.0 RESULTS AND INTERPRETATIONS 

The modeling approach outlined in Section 3.0 incorporates the conceptual model summarized in 
Section 2.0 into a conservative numerical model for evaluating reduction in a simulated solute 
concentration.  This section presents results of transport modeling using the alluvial fan and 
ARG model sections.  Section 4.1 presents results of the conservative solute transport, and 
Section 4.2 presents interpretation of these results relative to observed contaminant concentration 
and distribution in the SNL/NM AOR. 

4.1 Simulation of Solute Transport to Production Wells 

The numerical model of groundwater flow was used to simulate a conservative solute that moves 
out of the perched system through the alluvial fan and ARG lithofacies of the regional aquifer 
and is extracted in production wells located in the ARG lithofacies.  The solute concentration in 
flow from the perched system into the regional aquifer was simulated at a constant concentration 
of 1 unit for the duration of the simulation. 

Figure 4-1 illustrates the simulated solute arrival at two locations.  The first is the location where 
the maximum solute concentration is observed, which is adjacent to the intersection of the 
alluvial fan and the ARG model sections.  The second is the downgradient boundary of the ARG 
model section, which represents the Ridgecrest well field. 
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that will be observed at a production well 
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Figure 4-1.  Plot of solute arrival at the ARG/ alluvial fan model section interface and at 
the Ridgecrest well field. 
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The maximum concentration of solute observed in the ARG model section was 0.009 or 0.9% of 
the initial concentration of 1 unit in the perched groundwater system discharge.  The solute was 
further attenuated to 0.008 (0.8%) before reaching the downgradient boundary of the ARG 
model section.  A conservative estimate of the solute concentration reduction before withdrawal 
at any production well completed in the ARG lithofacies is 0.9% of the original concentration in 
the perched groundwater system discharge to the regional aquifer. 

Travel time estimated through the alluvial fan model section and the ARG model section does 
not account for travel through the perched system, which was estimated in Section 3.1.  
Simulated concentrations of solute began to breakthrough into the ARG model section after 
about 35 years after the initial flux of contaminants into the alluvial fan model section. The 
maximum concentration was occurred in the ARG model section after approximately 70 years. 
The maximum concentration moved across the downgradient ARG model section boundary 
approximately 80 years after initial flux of contaminants into the alluvial fan model section. 

4.2 Interpretations of Modeling Relative to Observed Concentrations 

The simulated relative solute concentrations presented in Section 4.1 can be compared to actual 
observed concentrations of nitrate and TCE in samples from various wells completed in the 
perched groundwater system of the SNL/NM AOR.  This comparison provides an estimate of the 
contribution of nitrate and TCE derived from the AOR that might be expected at production 
wells.  A very conservative interpretation neglects travel through the perched system and 
assumes that all of the flow out of the perched system (estimated in Section 3.1) contains 
dissolved TCE or nitrate at the historical maximum observed concentration in any perched 
system monitoring well.  Therefore, an estimate of the maximum concentration that would be 
expected at the production wells can be obtained by multiplying the maximum relative 
concentration simulated in the ARG (0.009) by the historical maximum observed concentrations.  
Interpretation of concentrations and travel time in this manner overestimates the total mass of 
contaminants within the perched system and underestimates the travel time but is included in the 
summary of interpretations shown in Table 4-1 as the most conservative estimate. 

Based on observed distribution of TCE and nitrate in the perched system, these contaminants are 
distributed over smaller areas that would not be transported across the entire 6,000-ft transect 
used to estimate the total flow out of the perched system.  As part of the modeling approach, it is 
assumed that the solute is instantaneously mixed with the ambient flow in the alluvial fan model 
section.  This assumption is only valid if the results are interpreted at the point of groundwater 
withdrawal.  Given this assumption, a more accurate interpretation of the solute transport results 
relative to nitrate and TCE concentrations would account for the fraction of contaminated water 
relative to the total flow across the 6,000-ft transect used to estimate perched system discharge 
(see Section 3.1).  The 6,000-ft transect was divided into two zones: a 3,500-ft section 
representing the portion of the total transect through which nitrate will move and a 2,500-ft 
section representing the portion through which TCE will be transported (see Figure 3-3).  Thus, 
an additional multiplication factor of 0.6 (3,500 ft/6,000 ft) should be applied when interpreting 
the solute transport results relative to nitrate and 0.4 (2,500 ft/6,000 ft) should be applied when 
interpreting relative to TCE. 
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Maximum historical concentrations of both nitrate and TCE were used when interpreting the 
solute transport results presented in Section 4.1, even though more recent observations suggest 
that concentrations have declined.  Maximum historical concentrations of TCE and nitrate are 
9.6 µg/L and 44 mg/L (as nitrogen), respectively.  As shown in Tables 4-1 and 4-2, the most 
conservative estimate (i.e., concentrations are intentionally overestimated) of nitrate and TCE 
concentrations that might be observed at production wells in the ARG are 0.40 mg/L 
(as nitrogen) and 0.09 µg/L, respectively.  If observed distribution of contaminant in the perched 
zone is accounted for, the simulated concentrations of nitrate and TCE at the production wells 
are 0.24 mg/L (as nitrogen) and 0.03 µg/L, respectively.  The actual concentrations are expected 
to be lower given the conservative assumptions built into the numerical model.  For comparison, 
the MCLs for these compounds are 10 mg/L (as nitrogen) for nitrate and 5 µg/L for TCE. 

Travel time estimates are also shown on Tables 4-1 and 4-2 for each contaminant.  The estimates 
are the estimated time of arrival of the maximum concentration of contaminant in the ARG 
deposits where production wells are located.  The most conservative estimate of the travel time is 
70 years, which only accounts for travel through the alluvial fan model section.  When travel 
through the perched system is accounted for, travel times for nitrate and TCE are 140 and 
130 years, respectively, which are also conservative estimates.  The estimated travel times are 
slightly different because the contaminants are in two different locations and must travel 
different distances through the perched groundwater system. 

Table 4-1.  Interpretations of solute transport simulation relative to nitrate contamination. 

  

Relative 
simulated 

solute 
concentration 

Maximum 
contaminant 

concentration, 
mg/L as 
nitrogen 

Fraction of 
total perched 

flow 

Maximum 
concentration 
in production 
well, mg/L 

(as nitrogen) 

Time of 
maximum 

concentration 
arrival into ARG 
model section, 

years 
Most 
conservative 0.009 44 1a 0.40 70b 

Less 
conservative 0.009 44 0.6 0.24 140 

a. Assumes that all flow out of the perched system contains 44 mg/L (as nitrogen) nitrate. 
b. Neglects travel time through the perched system. 

Table 4-2.  Interpretations of solute transport simulation relative to TCE contamination. 

  

Relative 
simulated 

solute 
concentration 

Maximum 
contaminant 

concentration, 
µg/L 

Fraction of 
total perched 

flow 

Maximum 
concentration 
in production 

well, µg/L 

Time of 
maximum 

concentration 
arrival into ARG 
model section, 

years 
Most 
conservative 0.009 9.6 1a 0.09 70b 

Less 
conservative 0.009 9.6 0.4 0.03 130 

a. Assumes that all flow out of the perched system contains 9.6 µg/L TCE. 
b. Neglects travel time through the perched system. 
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5.0 CONCLUSIONS 

A cross-sectional modeling approach was used to simulate transport and dilution of a 
conservative solute between the SNL/NM AOR in the perched zone to production wells 
completed in the ARG lithofacies.  The simulated concentration of a conservative solute at these 
production wells was 0.9% of the original concentration in the perched system.  When compared 
to observed concentrations in the perched system, these results led to the following conclusions: 

• Nitrate originating from the SNL/NM AOR will be reduced to 0.24 mg/L (as nitrogen) 
before reaching production wells in the ARG lithofacies.  For comparison, the MCL for 
nitrate is 10 mg/L (as nitrogen).   

• TCE originating from the SNL/NM AOR will be reduced to 0.03 µg/L before reaching 
production wells in the ARG.  For comparison, the MCL for TCE is 5 µg/L. 

These estimates represent conservative estimates of concentration that intentionally neglect the 
effects of dispersion, degradation, and sorption on contaminant concentrations.   

The travel time from the current location of contaminants in the perched groundwater system to 
the ARG lithofacies where production wells are completed is at least 140 years for nitrate and at 
least 130 years for TCE.  The estimated travel times are slightly different because the 
contaminants are currently in two different locations in the perched groundwater system.  These 
travel times represent minimum or conservative estimates, because retardation, travel time 
through the zone of merging, and travel time through the ARG are intentionally neglected. 
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Appendix E 
Cost Estimate and Design Assumptions for the Remedial Alternative 

 
A cost estimate has been prepared to support the evaluation of Alternative 1: Monitored Natural 
Attenuation of Nitrate as described in Section 7 of this document. The estimate and the 
assumptions made are presented in this appendix. The cost estimate and associated backup 
worksheets are included at the end of this appendix. The assumptions discussed here are 
based on the conceptual scope of the alternative presented in Section 7.2. 
 
These costs may be subject to: 
 

 Changes in regulatory requirements. 
 

 Variations in specific assumptions such as timing and duration of alternative 
implementation and associated effectiveness of the remedy. 
 

 Changes in dollar value at the time of implementation. 
 

 Changes in the assumed discount rate used in present-value calculations.  
 

 Uncertainties associated with the hydrogeologic characteristics, subsurface 
heterogeneities, estimated rate that the Perched Groundwater System will 
naturally dewater, and extent of contaminant distribution. 
 

 Impact from potential offsite sources of contamination. 
 
The estimated cost accuracy is -30% to +50%. 
 
 
Costing Assumptions 
 
Costs are presented in three categories: 
 

1. Implementation Plan Preparation 
 
This includes costs for preparing a Corrective Measure Implementation Plan, a 
Contingency Plan, and a Corrective Measure Design. This work is assumed to be 
done in parallel with monitoring currently ongoing at the TAG AOC. 
 

2. Annual Monitoring and Reporting 
 
This includes costs for water level measurements, groundwater sampling analysis, 
and validation for plume monitoring and investigation-derived waste (IDW) 
profiling, IDW disposal, data processing and reporting, and an allowance for 
routine wellhead maintenance. 
 
These annual costs are subdivided into selected time period intervals 
corresponding to projected changes in sampling frequency and the number of 
wells being sampled over the corrective action timeframe of 42 years from a base 
year of 2017. 
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3. Periodic Costs 
 
This category included costs assumed to be incurred every ten years during the 
corrective action timeframe. Costs for a Corrective Measures Implementation 
Report and well decommissioning are included in year 42. Costs include Remedy 
Performance Review Reports, review and updates to the Institutional Control Plan, 
and an allowance for as-needed well redevelopment to address potential 
biofouling and/or silting of monitoring well screens. 

 
 
General Assumptions 
 
Several costing assumptions are applicable across the three costing categories. These include: 
 

 Cost estimates are based on the outlined conceptual scope of work for the 
projected 42-year timeline from a base year of 2017. Estimates are anticipated to 
be within the range of -30% to +50%. 
 

 Labor rates used for cost estimating tasks to be performed by SNL staff or onsite 
contractors are based on anticipated fully burdened costs for FY2017. These rates 
are obtained from current Environmental Restoration Operations Resource Loaded 
Baseline FY13 to FY20. SNL Standard Labor Rates are based on the mid-point of 
each salary band then increased to recover overtime, allowances, and fringe 
benefits. The Total Burdened Labor Rate is the SNL Standard Labor Rate (with 
fringe) increased by a multiplier for the recovery of Division Support, Program 
Management, Corporate Taxes, NM Site Support, Work For Others Office Support, 
General & Administrative, and Laboratory-Directed Research & Development. 
 

 Costs for laboratory analyses, third-party validation, and well development are 
assumed to be performed by SNL contractors. Costs are based on applicable past 
quotations for similarly scoped work and escalated by 3% per year from the year of 
quotation to 2017. 
 

 Costs for documents (e.g., plans and reports) include three preparation steps to 
allow for applicable review: Draft, Draft Final, and Final. Draft Final and Final labor 
are assigned costs of 50% and 25% of the Draft, respectively, except for technical 
editor/production costs that are assumed to be equal for each preparation step. 
 

 Costs include a contingency allowance of 10% to the base cost followed by a 5% 
allowance for project management. 
 

 Present-value discount factor is 1.5%. 
 
 
Implementation Plan Preparation 
 
The scope for implementation plan preparation the following: 
 

 Prepare Corrective Measure Implementation Plan including a Management Plan, a 
Community Relations Plan, a Sampling and Analysis Plan, and a Corrective 
Measures Permitting Plan. 
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 Prepare a Contingency Plan to be submitted with the Corrective Measure 
Implementation Plan. 
 

 Prepare a Corrective Measure Design to be appended to the Corrective Measure 
Implementation Plan. Includes well maintenance plans, cost estimation, and a 
Health and Safety Plan. No Construction Quality Assurance Plan or remediation 
system design documentation/specifications is necessary for the Monitored 
Natural Attenuation alternative. 

 
 
Annual Monitoring and Reporting 
 
Table E-1 below summarizes the number of groundwater monitoring wells to be sampled 
throughout the remedy timeframe. As described in the CCM, declining groundwater elevations 
in the Perched Groundwater System indicate that the lateral extent of perched zone saturation 
is decreasing as it dewaters. Table E-2 provides a well-specific, detailed sampling schedule 
using the monitoring well network that is currently in place. The schedule incorporates projected 
times when groundwater elevations in individual Perched Groundwater System monitoring wells 
are anticipated to drop below the bottom of the well screen (go dry); therefore, taken off of the 
sampling schedule. Depth to water measurements will be conducted in all wells including ones 
that have gone dry to verify that groundwater elevations have not risen into the screen. The 
overall monitoring period is based on an estimated timeframe of 42 years, when all Perched 
Groundwater System monitoring wells are projected to go dry with the exception of well TJA-5, 
which is located in the merging zone and does not exhibit significant water level decline. 
 

Table E-1 
Number of Sampled Wells per Time Period 

 

Period 
(Years from 2017) 

Number of Sampled Wells 

Sampling Frequency PGWS Regional Aquifer 
1 – 4 12 9 

Semiannual - PGWS 
Annual - Regional Aquifer 

5 – 8 10 9 
9 – 10 9 9 

11 9 9 

Annual 

12 – 18 8 9 
19 – 24 7 9 
25 – 27 6 9 
28 – 29 4 9 
30 – 33 3 9 
34 – 42 2 9 

 
 
The sampling schedule and associated cost estimate for annual monitoring reporting is divided 
into periods of time based on when individual wells go dry and at the 10-year interval when the 
Perched Groundwater System monitoring frequency is reduced from a semiannual to annual 
frequency, matching that of Regional Aquifer monitoring. 
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These time intervals are summarized below and shown in more detail in Table E-2. 
 
Select wells that are not needed to delineate the extent of nitrate above the MCL in groundwater 
are planned for water level measurement only and are not scheduled for groundwater sampling. 
 
Annual monitoring and reporting costs also include: 
 

 Laboratory analysis for nitrate. 
 

 Annual IDW profiling analysis for disposal of purge water and decontamination 
water. 
 

 Preparation of an annual progress report to include potentiometric surface contour 
maps, nitrate isoconcentration contour maps, hydrographs, nitrate concentration 
trend graphs, and an evaluation of remedy performance. This may be incorporated 
into the TAG section of the DOE/Sandia Annual Groundwater Monitoring Report. 

 
 
Periodic Costs 
 
Periodic costs are broken into 10-year intervals for convenience of cost estimation with final 
closure-related costs in the final year. They include: 
 

 Redeveloping wells that become biofouled or silted up hindering collection of 
representative groundwater samples. The cost estimate assumes that 50% of 
wells being sampled at any one-time interval would require redevelopment every 
10 years. 
 

 Preparation of Remedy Performance Review Reports every ten years to evaluate 
effectiveness of implemented remediation. 
 

 An allowance for review and updating of the Institutional Control Plan. 
 

 Decommissioning all TAG AOC monitoring wells after completion of the remedy 
(projected to occur after 42 years of monitoring). For costing purposes, well 
decommissioning is placed in year 42 after the final sampling event. The actual 
schedule of well decommissioning would be dependent on receiving final 
Corrective Action Complete approval from NMED and other site logistical factors. 

 
 
Total Cost and Present Value Analysis 
 
Total costs are summarized both in 2017 dollars (Total Cost) and by applying Present Value 
analysis. Per EPA guidance (EPA July 2000), “Present value analysis is a method to evaluate 
expenditures, either capital or O&M, which occur over different time periods. This standard 
methodology allows for cost comparisons of different remedial alternatives on the basis of a 
single cost figure for each alternative. This single number, referred to as the present value, is 
the amount needed to be set aside at the initial point in time (base year) to assure that funds will 
be available in the future as they are needed, assuming certain economic conditions.” 
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Present value costs were calculated using the real discount rate of 1.5% for federal facilities 
based on the 2016 Discount Rates for Office of Management and Budget Circular A-94 (OMB 
February 2016) for projects with a timeframe of 30 years or more. EPA guidance indicates that 
the same discount rate should be used for all evaluated alternatives based on the alternative 
with the longest timeframe (EPA July 2000). A remedy that is less costly, but does not sacrifice 
protection of health and the environment, shall be preferred. 
 
The Consent Order states that cost estimates be presented in Present Value. Present Value 
assumes the entire predicted cost of the remedy is invested up-front in an interest-bearing 
account and drawn upon as needed to fund the remediation project. However, Congress 
allocates environmental project funding on an individual fiscal year basis. The Total Cost 
estimate is the sum of the fiscal year funding throughout the anticipated lifecycle of the project, 
and more accurately represents the actual expense of the cleanup to the taxpayers. For projects 
with long durations, Present Value calculations can significantly underestimate the true project 
costs. Both Present Value and Total Cost are presented in this CME. 
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COST ESTIMATE 
 
 

 Summary of Remedial Alternative Total Costs 

 Cost Estimate: TAG AOC Alternative 1: Monitored Natural 
Attenuation of Nitrate 

 Cost Worksheets 

o Corrective Measures Implementation Plan 

o Contingency Plan 

o Corrective Measures Design 

o Depth to water measurements 

o Groundwater monitoring well sampling 

o Groundwater laboratory analysis and validation 

o Analytical data handling and verification 

o IDW analysis 

o IDW transport and disposal - water 

o Annual Progress Report 

o Groundwater well redevelopment 

o Remedy Performance Review Report 

o Update Institutional Control Plan 

o Corrective Measures Implementation Report 

o Groundwater well plug and abandon 

 Input factors 

o Fully Burdened Labor Rates 

o Present Value Discount Factors 

o Escalation Factors to Base Year 



Site: Tijeras Arroyo Groundwater

Location:  Sandia National Laboratories/New Mexico

Phase:  Corrective Measures Evaluation (-30% to +50%)

Base Year:  2017

Date: November 8, 2016

Total Project Duration (Years) 42

Total Implementation Plan Preparation Cost $312,866

Total Cumulative Monitoring and Reporting Cost $6,383,686

Total Periodic Cost $2,244,935

Total Cost of Alternative
before Present Value Calculation

$8,941,487

Total Present Value of Alternative $6,608,421

Cost Breakdown - before Present Value calculation

SUMMARY OF REMEDIAL ALTERNATIVE TOTAL COSTS

TAG AOC Alternative 1: Monitored Natural Attenuation
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COST ESTIMATE

Site: Tijeras Arroyo Groundwater
Location:  Sandia National Laboratories/New Mexico
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017
Date: November 8, 2016
IMPLEMENTATION PLAN PREPARATION COST

DESCRIPTION QTY UNIT UNIT COST TOTAL NOTES

Planning and Design Documents

Corrective Measures Implementation Plan 1 EA $141,913 $141,913 Includes Management Plan, Community Relations Plan, Sampling 
and Analysis Plan, Corrective Measures Permitting Plan.

Contingency Plan 1 EA $63,140 $63,140 Submitted with CMIP.
Corrective Measures Design 1 EA $65,827 $65,827 Submitted with CMIP.  Includes well maintenance plans, cost 

estimate, and Health and Safety Plan.  No Construction Quality 
Assurance Plan or remediation system design  
documentation/specifications necessary.

SUBTOTAL $270,879

Contingency 10% $27,088

SUBTOTAL $297,967

Project Management 5% $14,898

TOTAL CAPITAL COST $312,866

TAG AOC Alternative 1: Monitored Natural Attenuation

Description:  Alternative 1 consists of applying monitored natural attenuation (MNA) throughout the plume of elevated nitrate.  Monitoring will be continued until either nitrate concentrations have dropped 
below the MCL of 10 mg/L or all Perched Groundwater System (PGWS) monitoring wells within the AOC have gone dry (except TJA-5). Institutional controls will be maintained until monitoring is completed 
and site closure is approved by regulatory agencies.
Anticipated timeframe for this alternative is 42 years from the base year of 2017.  All TAG AOC monitoring wells to be plugged and abandoned after Corrective Action Complete status is approved by NMED.
Cost estimate basis includes:
  •  A Corrective Measures Implementation Plan and associated documents.
  •  Groundwater monitoring for 42 years (from 2017).
          - Semiannual water level measurements (and tagging dry wells) in all AOC wells for duration of remedy.
          - Semiannual sampling of PGWS wells within the AOC for 10 years followed by annual sampling until dry (except well TJA-5).
          - Annual sampling of select Regional Aquifer wells within the AOC for the duration of remedy.
  •  Institutional controls for duration of remediation until site closure.
  •  Annual progress reporting.
  •  As-needed well redevelopment and wellhead maintenance.
  •  Remedy Performance Review Reports every ten years.
  •  A Corrective Measures Implementation Report with request for Corrective Action Complete approval.
  •  Decommission (plug and abandon) all TAG AOC monitoring wells (26 wells).
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ANNUAL MONITORING & REPORTING COST (Years 1-4) Dry PGWS Wells: none

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells.  Includes data 
entry and QC.

Groundwater monitoring well sampling 24 WELLS $2,565 $61,567 Semiannual sampling for 12 PGWS wells (24).  Includes routine 
equipment maintenance.

Groundwater monitoring well sampling 9 WELLS $2,565 $23,088 Annual sampling for 9 Regional Aquifer wells. Includes routine 
equipment maintenance.

Groundwater laboratory lab analysis and validation 33 SAMPLES $38 $1,239 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 2 EVENTS $4,358 $8,716 Upload EDD and related analytical data into database, review 
analytical reports/perform verification.  Average 17 sampling 
locations/event.

SUBTOTAL $98,764

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells.

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 21 WELLS $1,303 $27,367 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 21 wells.  Performed annually in 
conjunction with one semiannual well sampling event.

IDW transport & disposal - water 2 EVENTS $3,672 $7,343 Semiannual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $34,710

Reporting

Annual Progress Report 1 REPORT $57,112 $57,112 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), four semiannual isoconcentration maps 
(two PGWS and two Regional Aquifer), updates to concentration 
trend graphs and hydrographs. Evaluation of remedy effectiveness.  
May be included within the Sandia Annual Groundwater 
Monitoring Report.

SUBTOTAL $57,112

SUBTOTAL $191,261

Contingency 10% $19,126

SUBTOTAL $210,387

Project Management 5% $10,519

TOTAL ANNUAL MONITORING & REPORTING (Years 1-4) $220,906
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ANNUAL  MONITORING & REPORTING COST (Years 5-8) Dry PGWS Wells:  TA1-W-03 and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 20 WELLS $2,565 $51,306 Semiannual sampling of 10 PGWS wells (20).  Includes routine 
equipment maintenance.

Groundwater monitoring well sampling 9 WELLS $2,565 $23,088 Annual sampling of 9 Regional Aquifer wells. Includes routine 
equipment maintenance.

Groundwater laboratory lab analysis and validation 29 SAMPLES $38 $1,089 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 2 EVENTS $3,845 $7,691 Upload EDD and related analytical data into database, review 
analytical reports/perform verification.  Average 15 sampling 
locations/event.

SUBTOTAL $87,327

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 19 WELLS $1,303 $24,761 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 19 wells.  Performed annually in 

IDW transport & disposal - water 2 EVENT $3,672 $7,343 Semiannual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $32,104

Reporting

Annual Progress Report 1 REPORT $57,112 $57,112 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), four semiannual isoconcentration maps 
(two PGWS and two Regional Aquifer), updates to concentration 
trend graphs and hydrographs. Evaluation of remedy effectiveness.  
May be included within the Sandia Annual Groundwater 
Monitoring Report.

SUBTOTAL $57,112

SUBTOTAL $177,218

Contingency 10% $17,722

SUBTOTAL $194,940

Project Management 5% $9,747

TOTAL ANNUAL MONITORING & REPORTING COST (Years 5-8) $204,687
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ANNUAL MONITORING & REPORTING COST (Years 9-10) Dry PGWS Wells:  TA1-W-03, TA2-W-01, and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 18 WELLS $2,565 $46,175 Semiannual sampling of 9 PGWS wells (18).  Includes routine 
equipment maintenance.

Groundwater monitoring well sampling 9 WELLS $2,565 $23,088 Annual sampling of 9 Regional Aquifer wells. Includes routine 
equipment maintenance.

Groundwater laboratory lab analysis and validation 27 SAMPLES $38 $1,014 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 2 EVENTS $3,589 $7,178 Upload EDD and related analytical data into database, review 
analytical reports/perform verification.  Average 14 sampling 
locations/event.

SUBTOTAL $81,609

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 18 WELLS $1,303 $23,458 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 19 wells.  Performed annually in 
conjunction with one well sampling event.

IDW transport & disposal - water 2 EVENT $3,672 $7,343 Semiannual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $30,801

Reporting

Annual Progress Report 1 REPORT $57,112 $57,112 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), four semiannual isoconcentration maps 
(two PGWS and two Regional Aquifer), updates to concentration 
trend graphs and hydrographs. Evaluation of remedy effectiveness.  
May be included within the Sandia Annual Groundwater 
Monitoring Report.

SUBTOTAL $57,112

SUBTOTAL $170,196

Contingency 10% $17,020

SUBTOTAL $187,216

Project Management 5% $9,361

TOTAL ANNUAL MONITORING & REPORTING COST (Years 9-10) $196,577
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ANNUAL MONITORING & REPORTING COST (Year 11) Dry PGWS Wells:  TA1-W-03, TA2-W-01, and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 18 WELLS $2,565 $46,175 Annual sampling of 9 PGWS wells and 9 Regional Aquifer wells. 
Includes routine equipment maintenance.

Groundwater laboratory lab analysis and validation 18 SAMPLES $38 $676 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 1 EVENT $4,614 $4,614 Upload EDD and related analytical data into database, review 
analytical reports/perform verification. 18 sampling locations.

SUBTOTAL $55,620

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 18 WELLS $1,303 $23,458 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 18 wells.  Performed annually in 
conjunction with one well sampling event.

IDW transport & disposal - water 1 EVENT $3,672 $3,672 Annual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $27,129

Reporting

TOTAL COST 1 REPORT $42,834 $42,834 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), two annual isoconcentration maps (one 
PGWS and one Regional Aquifer), updates to concentration trend 
graphs and hydrographs, and SAP variance reporting.  May be 
included within the Sandia Annual Groundwater Monitoring 
Report. Evaluation of remedy effectiveness. Reduced 25% for 
annual sampling schedule.

SUBTOTAL $42,834

SUBTOTAL $126,258

Contingency 10% $12,626

SUBTOTAL $138,883

Project Management 5% $6,944

TOTALANNUAL MONITORING & REPORTING COST (Year 11) $145,827
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ANNUAL MONITORING & REPORTING COST (Years 12-18) Dry PGWS Wells:  TA1-W-03, TA2-W-01, TA2-W-26, and 
WYO-4 (water level only well TA2-NW1-325 dry in year 14)

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 17 WELLS $2,565 $43,610 Annual sampling of 8 PGWS wells and 9 Regional Aquifer wells. 
Includes routine equipment maintenance.

Groundwater laboratory lab analysis and validation 17 SAMPLES $38 $639 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 1 EVENT $4,358 $4,358 Upload EDD and related analytical data into database, review 
analytical reports/perform verification. 17 sampling locations.

SUBTOTAL $52,760

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 17 WELLS $1,303 $22,154 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 17 wells.  Performed annually in 
conjunction with one well sampling event.

IDW transport & disposal - water 1 EVENT $3,672 $3,672 Annual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $25,826

Reporting

Annual Progress Report 1 REPORT $42,834 $42,834 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), two annual isoconcentration maps (one 
PGWS and one Regional Aquifer), updates to concentration trend 
graphs and hydrographs, and SAP variance reporting.  May be 
included within the Sandia Annual Groundwater Monitoring 
Report. Evaluation of remedy effectiveness. Reduced 25% for 
annual sampling schedule.

SUBTOTAL $42,834

SUBTOTAL $122,095

Contingency 10% $12,210

SUBTOTAL $134,305

Project Management 5% $6,715

TOTAL ANNUAL MONITORING & REPORTING COST (Years 12-18) $141,020
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ANNUAL MONITORING & REPORTING COST (Years 19-24) Dry PGWS Wells:  TA1-W-03, TA1-W-08, TA2-NW1-325,
TA2-W-01, TA2-W-26, and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 16 WELLS $2,565 $41,045 Annual sampling of 7 PGWS wells and 9 Regional Aquifer wells. 
Includes routine equipment maintenance.

Groundwater laboratory lab analysis and validation 16 SAMPLES $38 $601 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 1 EVENT $4,102 $4,102 Upload EDD and related analytical data into database, review 
analytical reports/perform verification. 16 sampling locations.

SUBTOTAL $49,901

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 16 WELLS $1,303 $20,851 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 16 wells.  Performed annually in 

IDW transport & disposal - water 1 EVENT $3,672 $3,672 Annual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $24,523

Reporting

Annual Progress Report 1 REPORT $42,834 $42,834 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), two annual isoconcentration maps (one 
PGWS and one Regional Aquifer), updates to concentration trend 
graphs and hydrographs, and SAP variance reporting.  May be 
included within the Sandia Annual Groundwater Monitoring 
Report. Evaluation of remedy effectiveness. Reduced 25% for 
annual sampling schedule.

SUBTOTAL $42,834

SUBTOTAL $117,933

Contingency 10% $11,793

SUBTOTAL $129,726

Project Management 5% $6,486

TOTAL ANNUAL MONITORING & REPORTING COST (Years 19-24) $136,212
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ANNUAL MONITORING & REPORTING COST (Years 25-27) Dry PGWS Wells:  TA1-W-03, TA1-W-06, TA1-W-08,
TA2-NW1-325, TA2-W-01, TA2-W-26, and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 15 WELLS $2,565 $38,479 Annual sampling of 6 PGWS wells and 9 Regional Aquifer wells. 
Includes routine equipment maintenance.

Groundwater laboratory lab analysis and validation 15 SAMPLES $38 $563 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 1 EVENT $3,845 $3,845 Upload EDD and related analytical data into database, review 
analytical reports/perform verification. 15 sampling locations.

SUBTOTAL $47,042

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 15 WELLS $1,303 $19,548 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 15 wells.  Performed annually in 

IDW transport & disposal - water 1 EVENT $3,672 $3,672 Annual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $23,220

Reporting

Annual Progress Report 1 REPORT $42,834 $42,834 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), two annual isoconcentration maps (one 
PGWS and one Regional Aquifer), updates to concentration trend 
graphs and hydrographs, and SAP variance reporting.  May be 
included within the Sandia Annual Groundwater Monitoring 
Report. Evaluation of remedy effectiveness. Reduced 25% for 
annual sampling schedule.

SUBTOTAL $42,834

SUBTOTAL $113,770

Contingency 10% $11,377

SUBTOTAL $125,147

Project Management 5% $6,257

TOTAL ANNUAL MONITORING & REPORTING COST (Years 25-27) $131,405
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ANNUAL MONITORING & REPORTING COST (Years 28-29) Dry PGWS Wells:  TA1-W-03, TA1-W-06, TA1-W-07,
TA1-W-08, TA2-NW1-325, TA2-W-01, TA2-W-26,
TA2-W-27, TA2-W-28, and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 13 WELLS $2,565 $33,349 Annual sampling of 4 PGWS wells and 9 Regional Aquifer wells. 
Includes routine equipment maintenance.

Groundwater laboratory lab analysis and validation 13 SAMPLES $38 $488 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 1 EVENT $3,333 $3,333 Upload EDD and related analytical data into database, review 
analytical reports/perform verification. 13 sampling locations.

SUBTOTAL $41,324

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 13 WELLS $1,303 $16,942 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 13 wells.  Performed annually in 

IDW transport & disposal - water 1 EVENT $3,672 $3,672 Annual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $20,613

Reporting

Annual Progress Report 1 REPORT $42,834 $42,834 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), two annual isoconcentration maps (one 
PGWS and one Regional Aquifer), updates to concentration trend 
graphs and hydrographs, and SAP variance reporting.  May be 
included within the Sandia Annual Groundwater Monitoring 
Report. Evaluation of remedy effectiveness. Reduced 25% for 
annual sampling schedule.

SUBTOTAL $42,834

SUBTOTAL $105,446

Contingency 10% $10,545

SUBTOTAL $115,990

Project Management 5% $5,800

TOTAL ANNUAL MONITORING & REPORTING COST (Years 28-29) $121,790
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ANNUAL MONITORING & REPORTING COST (Years 30-33) Dry PGWS Wells:  TA1-W-03, TA1-W-06, TA1-W-07,
TA1-W-08, TA2-NW1-325, TA2-W-01, TA2-W-19,
TA2-W-26, TA2-W-27, TA2-W-28, and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 12 WELLS $2,565 $30,783 Annual sampling of 3 PGWS wells and 9 Regional Aquifer wells. 
Includes routine equipment maintenance.

Groundwater laboratory lab analysis and validation 12 SAMPLES $38 $451 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 1 EVENT $3,076 $3,076 Upload EDD and related analytical data into database, review 
analytical reports/perform verification. 12 sampling locations.

SUBTOTAL $38,464

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 12 WELLS $1,303 $15,638 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 12 wells.  Performed annually in 

IDW transport & disposal - water 1 EVENT $3,672 $3,672 Annual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $19,310

Reporting

Annual Progress Report 1 REPORT $42,834 $42,834 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), two annual isoconcentration maps (one 
PGWS and one Regional Aquifer), updates to concentration trend 
graphs and hydrographs, and SAP variance reporting.  May be 
included within the Sandia Annual Groundwater Monitoring 
Report. Evaluation of remedy effectiveness. Reduced 25% for 
annual sampling schedule.

SUBTOTAL $42,834

SUBTOTAL $101,283

Contingency 10% $10,128

SUBTOTAL $111,412

Project Management 5% $5,571

TOTAL ANNUAL MONITORING & REPORTING COST (Years 30-33) $116,982
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ANNUAL MONITORING & REPORTING COST (Years 34-42) Dry PGWS Wells:  TJA-7, TA1-W-03, TA1-W-06, TA1-W-07, 
TA1-W-08, TA2-NW1-325, TA2-W-01, TA2-W-19, 
TA2-W-26, TA2-W-27, TA2-W-28, and WYO-4

DESCRIPTION QTY UNIT UNIT COST TOTAL

Performance Monitoring

Depth-to-water measurements 2 EVENTS $2,077 $4,154 Semiannual DTW measurements from 27 wells (includes checking 
dry wells).  Includes data entry and QC.

Groundwater monitoring well sampling 11 WELLS $2,565 $28,218 Annual sampling of 2 PGWS wells and 9 Regional Aquifer wells. 
Includes routine equipment maintenance.

Groundwater laboratory lab analysis and validation 11 SAMPLES $38 $413 NPN analysis and associated QC.  100% Level IV third-party 
validation.

Analytical data handling and verification 1 EVENT $2,820 $2,820 Upload EDD and related analytical data into database, review 
analytical reports/perform verification. 11 sampling locations.

SUBTOTAL $35,605

Site Maintenance

Wellhead maintenance 1 YR $675 $675 General maintenance of well heads/vaults.  Assume $25/well/year.  
27 wells (includes dry wells).

SUBTOTAL $675

IDW Disposal - POTW

IDW laboratory analysis and validation 11 WELLS $1,303 $14,335 Cost for POTW-required analyses and 100% Level IV third-party 
validation.  Samples from each of 11 wells.  Performed annually in 

IDW transport & disposal - water 1 EVENT $3,672 $3,672 Annual discharge to POTW.  Up to 20 drums/event.
SUBTOTAL $18,007

Reporting

Annual Progress Report 1 REPORT $42,834 $42,834 Includes four semiannual potentiometric surface maps (two PGWS 
and two Regional Aquifer), two annual isoconcentration maps (one 
PGWS and one Regional Aquifer), updates to concentration trend 
graphs and hydrographs, and SAP variance reporting.  May be 
included within the Sandia Annual Groundwater Monitoring 
Report. Evaluation of remedy effectiveness. Reduced 25% for 
annual sampling schedule.

SUBTOTAL $42,834

SUBTOTAL $97,121

Contingency 10% $9,712

SUBTOTAL $106,833

Project Management 5% $5,342

TOTAL ANNUAL MONITORING & REPORTING COST (Years 34-42) $112,175
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PERIODIC COSTS

DESCRIPTION YEAR QTY UNIT UNIT COST TOTAL NOTES

Groundwater well redevelopment 10 9 EA $9,397 $84,571 Nine (half of actively sampled) wells.
Remedy Performance Review Report 10 1 EA $178,811 $178,811 Preparation of Remedy Performance Review Reports to evaluate 

effectiveness of implemented remediation.
Update Institutional Control Plan 10 1 EA $39,744 $39,744 Update plan.
SUBTOTAL (Y10) $303,126

Project Management 5% $15,156
TOTAL (Y10) $318,282

Groundwater well redevelopment 20 8 EA $9,397 $75,174 Eight (half of actively sampled) wells outside of TA-V high 
Remedy Performance Review Report 20 1 EA $178,811 $178,811 Preparation of Remedy Performance Review Reports to evaluate 

effectiveness of implemented remediation.
Update Institutional Control Plan 20 1 EA $39,744 $39,744 Update plan.
SUBTOTAL (Y20) $293,729

Project Management 5% $14,686
TOTAL (Y20) $308,415

Groundwater well redevelopment 30 6 WELL $9,397 $56,381 Six (half of actively sampled) wells.
Remedy Performance Review Report 30 1 EA $178,811 $178,811 Preparation of Remedy Performance Review Reports to evaluate 

effectiveness of implemented remediation.
Update Institutional Control Plan 30 1 WELL $39,744 $39,744 Update plan.
SUBTOTAL (Y30) $274,935

Project Management 5% $13,747
TOTAL (Y30) $288,682

Groundwater well redevelopment 40 6 WELL $9,397 $56,381 Six (half of actively sampled) wells.
Remedy Performance Review Report 30 1 EA $178,811 $178,811 Preparation of Remedy Performance Review Reports to evaluate 

effectiveness of implemented remediation.
Update Institutional Control Plan 40 1 WELL $39,744 $39,744 Update plan.
SUBTOTAL (Y40) $274,935

Project Management 5% $13,747
TOTAL (Y40) $288,682

Corrective Measures Implementation Report 42 1 EA $128,276 $128,276 Will include request for Certificate of Completion from NMED.
Groundwater well plug and abandon 42+ 26 EA $33,194 $863,031 Plug and abandon all TAG AOC monitoring wells.  City-owned 

well Eubank #1 remains in place.  Assigned to year 42 for costing 
purposes.  Actual schedule would be dependent on receiving 

SUBTOTAL (Y42) $991,307

Project Management 5% $49,565
TOTAL (Y42) $1,040,873
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PRESENT VALUE ANALYSIS

COST TYPE YEARS
TOTAL COST 

PER YEAR
TOTAL COST

DISCOUNT 
FACTOR 
(1.50%)

PRESENT 
VALUE

NOTES

Implementation Plan Preparation Cost 0 $312,866 $312,866 1.000 $312,866 Base Year:  2017
Annual Monitoring & Reporting  Cost (Years 1-4) 4 $220,906 $883,626 3.854 $851,458
Annual Monitoring & Reporting  Cost (Years 5-8) 4 $204,687 $818,746 3.632 $743,327
Annual Monitoring & Reporting  Cost (Years 9-10) 2 $196,577 $393,153 1.736 $341,308
Annual Monitoring & Reporting  Cost (Year 11) 1 $191,261 $191,261 0.849 $162,368
Annual Monitoring & Reporting  Cost (Years 12-18) 7 $141,020 $987,139 5.601 $789,915
Annual Monitoring & Reporting  Cost (Years 19-24) 6 $136,212 $817,274 4.358 $593,592
Annual Monitoring & Reporting  Cost (Years 25-27) 3 $131,405 $394,214 2.037 $267,699
Annual Monitoring & Reporting  Cost (Years 28-29) 2 $210,387 $420,774 1.308 $275,283
Annual Monitoring & Reporting  Cost (Years 30-33) 4 $116,982 $467,928 2.503 $292,792
Annual Monitoring & Reporting  Cost (Years 34-42) 9 $112,175 $1,009,571 5.115 $573,783
Periodic Cost (Year 10) 1 $318,282 $318,282 0.862 $274,253
Periodic Cost (Year 20) 1 $308,415 $308,415 0.742 $228,989
Periodic Cost (Year 30) 1 $288,682 $288,682 0.640 $184,688
Periodic Cost (Year 40) 1 $288,682 $288,682 0.551 $159,140
Periodic Cost (Year 42) 1 $1,040,873 $1,040,873 0.535 $556,960

$8,941,487 $6,608,421

$6,608,421

  Present value costs were calculated using the real discount rate of
  1.50% for federal facilities based on the 2016 Discount Rates for
  Office of Management and Budget Circular A-94 for projects with
  a timeframe of 30 years or more.  EPA guidance indicates that the
  same discount rate should be used for all evaluated alternatives
  based on the alternative with the longest timeframe (Alternative 1
  timeframe is 42 years).

TOTAL PRESENT VALUE OF ALTERNATIVE

Subtotal and Total values may reflect minor incremental 
discrepancies due to rounding of initial unit cost amounts in 
referenced cost worksheets.
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COST WORKSHEET

Corrective Measures Implementation Plan

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:
General assumption:  Draft Final and Final labor = 50% and 25% of Draft, 
respectively, except for technical editor/production costs which are assumed to be
equal.

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Management Plan

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 8 HR 281.92 $2,255
Sr. Geologist/Engineer/Scientist 40 HR 209.81 $8,392
Staff Geologist/Engineer/Scientist 0 HR 155.17 $0
Technician 0 HR 114.74 $0
Graphics 16 HR 81.95 $1,311
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 4 HR 281.92 $1,128
Sr. Geologist/Engineer/Scientist 20 HR 209.81 $4,196
Staff Geologist/Engineer/Scientist 0 HR 155.17 $0
Technician 0 HR 114.74 $0
Graphics 8 HR 81.95 $656
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 2 HR 281.92 $564
Sr. Geologist/Engineer/Scientist 10 HR 209.81 $2,098
Staff Geologist/Engineer/Scientist 0 HR 155.17 $0
Technician 0 HR 114.74 $0
Graphics 4 HR 81.95 $328
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000
SUBTOTAL $28,255

Prepare Corrective Measure Implementation Plan:  Includes Management Plan, Community Relations Plan, Sampling and Analysis Plan, Corrective Measures Permitting Plan Based on MNA Alternative.

November 8, 2016
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DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Community Relations Plan

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 8 HR 281.92 $2,255
Sr. Geologist/Engineer/Scientist 40 HR 209.81 $8,392
Staff Geologist/Engineer/Scientist 8 HR 155.17 $1,241
Technician HR 114.74 $0
Graphics 16 HR 81.95 $1,311
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 4 HR 281.92 $1,128
Sr. Geologist/Engineer/Scientist 20 HR 209.81 $4,196
Staff Geologist/Engineer/Scientist 4 HR 155.17 $621
Technician 0 HR 114.74 $0
Graphics 8 HR 81.95 $656
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 2 HR 281.92 $564
Sr. Geologist/Engineer/Scientist 10 HR 209.81 $2,098
Staff Geologist/Engineer/Scientist 2 HR 155.17 $310
Technician 0 HR 114.74 $0
Graphics 4 HR 81.95 $328
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000
SUBTOTAL $30,428

Sampling and Analysis Plan

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 16 HR 281.92 $4,511
Sr. Geologist/Engineer/Scientist 60 HR 209.81 $12,588
Staff Geologist/Engineer/Scientist 80 HR 155.17 $12,413
Technician 8 HR 114.74 $918
Graphics 32 HR 81.95 $2,622
Technical Editor/Production 24 HR 120.20 $2,885
Production Supplies/Distribution costs 1 LS $1,000 $1,000
Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 8 HR 281.92 $2,255
Sr. Geologist/Engineer/Scientist 30 HR 209.81 $6,294
Staff Geologist/Engineer/Scientist 40 HR 155.17 $6,207
Technician 4 HR 114.74 $459
Graphics 16 HR 81.95 $1,311
Technical Editor/Production 24 HR 120.20 $2,885
Production Supplies/Distribution costs 1 LS $1,000 $1,000
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DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 4 HR 281.92 $1,128
Sr. Geologist/Engineer/Scientist 15 HR 209.81 $3,147
Staff Geologist/Engineer/Scientist 20 HR 155.17 $3,103
Technician 2 HR 114.74 $229
Graphics 8 HR 81.95 $656
Technical Editor/Production 24 HR 120.20 $2,885
Production Supplies/Distribution costs 1 LS $1,000 $1,000
SUBTOTAL $69,497

Corrective Measures Permitting Plan

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 4 HR 281.92 $1,128
Sr. Geologist/Engineer/Scientist 16 HR 209.81 $3,357
Staff Geologist/Engineer/Scientist 0 HR 155.17 $0
Technician 0 HR 114.74 $0
Graphics 0 HR 81.95 $0
Technical Editor/Production 8 HR 120.20 $962
Production Supplies/Distribution costs 1 LS $1,000 $1,000
Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 2 HR 281.92 $564
Sr. Geologist/Engineer/Scientist 8 HR 209.81 $1,678
Staff Geologist/Engineer/Scientist 0 HR 155.17 $0
Technician 0 HR 114.74 $0
Graphics 0 HR 81.95 $0
Technical Editor/Production 8 HR 120.20 $962
Production Supplies/Distribution costs 1 LS $1,000 $1,000
Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 1 HR 281.92 $282
Sr. Geologist/Engineer/Scientist 4 HR 209.81 $839
Staff Geologist/Engineer/Scientist 0 HR 155.17 $0
Technician 0 HR 114.74 $0
Graphics 0 HR 81.95 $0
Technical Editor/Production 8 HR 120.20 $962
Production Supplies/Distribution costs 1 LS $1,000 $1,000
SUBTOTAL $13,733

CMIP TOTAL COST $141,913
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Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable

Escalation to Base Year Not applicable

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable

√ Prime Contractor Overhead and Profit Included in unit pricing.

Based on estimated level of estimate for Sandia onsite contractor staff to produce report.

FACTOR NOTES
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COST WORKSHEET

Contingency Plan

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

General assumption:  Draft Final and Final labor = 50% and 25% of Draft, 
respectively, except for technical editor/production costs which are assumed to be
equal.

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 24 HR 281.92 $6,766
Sr. Geologist/Engineer/Scientist 80 HR 209.81 $16,784
Staff Geologist/Engineer/Scientist 40 HR 155.17 $6,207
Technician HR 114.74 $0
Graphics 16 HR 81.95 $1,311
Technical Editor/Production 16 HR 120.20 $1,923
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 12 HR 281.92 $3,383
Sr. Geologist/Engineer/Scientist 40 HR 209.81 $8,392
Staff Geologist/Engineer/Scientist 20 HR 155.17 $3,103
Technician 0 HR 114.74 $0
Graphics 8 HR 81.95 $656
Technical Editor/Production 16 HR 120.20 $1,923
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 6 HR 281.92 $1,692
Sr. Geologist/Engineer/Scientist 20 HR 209.81 $4,196
Staff Geologist/Engineer/Scientist 10 HR 155.17 $1,552
Technician 0 HR 114.74 $0
Graphics 4 HR 81.95 $328
Technical Editor/Production 16 HR 120.20 $1,923
Production Supplies/Distribution costs 1 LS $1,000 $1,000
TOTAL COST $63,140

Source of Cost Data:
Based on estimated level of estimate for Sandia onsite contractor staff to produce report.

Prepare Contingency Plan to be submitted along with CMIP.

November 8, 2016
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Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable.

Escalation to Base Year Not applicable

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

FACTOR NOTES

E-29



COST WORKSHEET

Corrective Measures Design

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

General assumption:  Draft Final and Final labor = 50% and 25% of Draft, 
respectively, except for technical editor/production costs which are assumed to be
equal.

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 24 HR 281.92 $6,766
Sr. Geologist/Engineer/Scientist 80 HR 209.81 $16,784
Staff Geologist/Engineer/Scientist 24 HR 155.17 $3,724
Technician HR 114.74 $0
Graphics 24 HR 81.95 $1,967
Technical Editor/Production 24 HR 120.20 $2,885
Production Supplies/Distribution costs 1 LS $2,000 $2,000

Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 12 HR 281.92 $3,383
Sr. Geologist/Engineer/Scientist 40 HR 209.81 $8,392
Staff Geologist/Engineer/Scientist 12 HR 155.17 $1,862
Technician 0 HR 114.74 $0
Graphics 12 HR 81.95 $983
Technical Editor/Production 24 HR 120.20 $2,885
Production Supplies/Distribution costs 1 LS $2,000 $2,000

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 6 HR 281.92 $1,692
Sr. Geologist/Engineer/Scientist 20 HR 209.81 $4,196
Staff Geologist/Engineer/Scientist 6 HR 155.17 $931
Technician 0 HR 114.74 $0
Graphics 6 HR 81.95 $492
Technical Editor/Production 24 HR 120.20 $2,885
Production Supplies/Distribution costs 1 LS $2,000 $2,000
TOTAL COST $65,827

Source of Cost Data:
Based on estimated level of estimate for Sandia onsite contractor staff to produce report.

Prepare Corrective Measure Design:  Append to CMIP.  Includes well maintenance plans, cost estimate, and Health and Safety Plan.  No Construction Quality Assurance Plan or remediation system design 
documentation/specifications necessary. 

November 8, 2016
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Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable.

Escalation to Base Year Not applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

FACTOR NOTES
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COST WORKSHEET

Depth-to-water measurements
Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Technician 4.00 HR 114.74 $459 DTW measurement in 10 wells including transportation to/from TAG AOC 
from main office.

Staff Geologist/Engineer/Scientist 2.00 HR 155.17 $310 Database entry and review.
TOTAL COST $769

Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) Quotation is for Level D.

Escalation to Base Year Not applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Depth-to-water measurement from 1-10 groundwater monitoring, extraction, or injection wells.  Includes submittal of field data, QC, and database entry. Health and safety protection is Level D. For events with 
more than 10 wells being sampled, linear scaling is used (e.g. 25 wells = 25/10 × total cost).

Based on 2014 typical level of effort, using Sandia onsite contractor staff.

FACTOR NOTES

November 8, 2016
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COST WORKSHEET

Groundwater monitoring well sampling

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Technician 2 HR 114.74 $229 Mobilization/Demobilization: load/unload equipment & supplies,  drive to/from
site.

Technician 12 HR 114.74 $1,377 Groundwater sample collection 6 hrs/technician/well * 2 technicians.  Sample 
collection, using portable pump system.  Includes equipment decontamination.  
Includes sample handling and coordinating delivery to analytical lab(s).

Technician 2 HR 114.74 $229 Sampling equipment calibration/maintenance.
Sampling equipment 
repair/replacement and consumables

1 LS $500 $500 Event allowance for replacement parts, tubing, calibration supplies and other 
consumables.

Technician 2 HR 114.74 $229 Decontaminate equipment and file documentation.  2 technicians for 1 hr each.
TOTAL COST $2,565

Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) Quotation is for Level D.

Escalation to Base Year No applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Groundwater sample collection and analysis from one groundwater monitoring well.  Assumes well is sampled using portable pumps.  Health and safety protection is Level D. 

Based on current (2014) typical level of effort, using Sandia onsite contractor staff.

FACTOR NOTES

November 8, 2016
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COST WORKSHEET

Groundwater laboratory lab analysis and validation

Site: Technical Area V Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measure Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Off-site services costs

Lab analysis - NPN 1.2 EA 15.00 $18 Standard turn around time: EPA Method 353.2.
Level IV validation 1.2 EA 7.50 $9 Third-party validation.  100% of all analyses.

Subtotal off-site services costs before escalation $27
Escalation from quotation to Base Year 1.16
Subtotal off-site services costs with escalation 31
Subtotal equipment/supply costs + 
operational overhead

1.20 $38

TOTAL COST $38

Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) Not applicable.

Escalation to Base Year Not applicable.

√ Area Cost Factor Quotation is from local vendor.

√ Subcontractor Overhead and Profit Included in quotation.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Analytical costs for one suite of groundwater sample analysis, and independent third party validation from one groundwater monitoring well for purposes of monitoring COCs: TCE (within VOC suite) and 
nitrate (as NPN).

Analytical costs per analysis was obtained from SNL Sample Management Office (SMO) for unit pricing in effect in 2012.  The validation costs are estimated per SMO, as actual costs are formula based which
is affected by laboratory quality control data, batching, project specific requirements, etc.  Pricing escalated for 5 years at 3% per year (cumulative escalation factor of 1.16).
Quantity of 1.2 used to account for approximately 20% cost of applicable QC sample analyses (equipment and trip blanks, MS/DS, duplicates, etc.).
Operational overhead multiplier of 1.20 applied to off-site services/equipment/supply purchases (funding from either EM or LTS).

FACTOR NOTES

November 8, 2016

E-34



COST WORKSHEET

Analytical data handling and verification

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Project Manager 1 HR 281.92 $282
Sr. Geologist/Engineer/Scientist 2 HR 209.81 $420
Staff Geologist/Engineer/Scientist 12 HR 155.17 $1,862
Technician 0 HR 114.74 $0
Graphics 0 HR 81.95 $0
Technical Editor/Production 0 HR 120.20 $0
TOTAL COST $2,564

Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable.

Escalation to Base Year Not applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Receive and verify laboratory Electronic Data Deliverables (EDDs) and hard copy analytical report prior to third-party validation.  Upload validated data to database.  Costs per semiannual sampling event.

Based on estimated level of estimate for Sandia onsite contractor staff to produce report for 10 wells.  Prorate this value for events with different numbers of wells being sampled (e.g. 25 wells = 25/10 X Total 
Cost).

FACTOR NOTES
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COST WORKSHEET

IDW laboratory analysis and validation

Site: Technical Area V Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measure Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Off-site services costs

Lab analysis - VOCs 1 EA 120.00 $120 Standard TAT: SW846-8260B
Level IV validation - VOCs 1 EA 60.00 $60 Third-party validation.  100% of all analyses
Lab analysis - Unfiltered TAL Metals 
plus Uranium

1 EA 189.00 $189 Standard TAT: SW846-6010/6020/7470

Level IV validation - TAL Metals 
incl. Uranium

1 EA 94.50 $95 Third-party validation.  100% of all analyses

Lab analysis - Gamma spec (short 
list)

1 EA 88.00 $88 Standard TAT: EPA Method 901.0

Level IV validation - Gamma spec 
(short list)

1 EA 44.00 $44 Third-party validation.  100% of all analyses

Lab analysis - Gross Alpha/Beta 1 EA 64.00 $64 Standard TAT: EPA 900.0
Level IV validation - Gross 
Alpha/Beta

1 EA 32.00 $32 Third-party validation.  100% of all analyses

Lab analysis - Tritium 1 EA 52.00 $52 Standard TAT: EPA Method 906.0
Level IV validation - Tritium 1 EA 26.00 $26 Third-party validation.  100% of all analyses
Lab analysis - Alkalinity 1 EA 120.00 $120 Standard TAT: SM2320B
Level IV validation - Alkalinity 1 EA 60.00 $60 Third-party validation.  100% of all analyses
Lab analysis - Anions (Bromide, 
Chloride, Fluoride, Sulfate)

1 EA 91.00 $91 Standard TAT: SW846-9056

Level IV validation - Anions 
(Bromide, Chloride, Fluoride, 

1 EA 45.50 $46 Third-party validation.  100% of all analyses

Subtotal off-site services costs $1,086
Escalation from quotation to Base Year 1.16
Subtotal off-site services costs with escalation 1,259
Subtotal equipment/supply costs + 
operational overhead

1.20 $1,303

TOTAL COST $1,303

Analytical costs for one suite of groundwater sample analyses, and independent third-party validation from one groundwater monitoring well to ensure compliance with requirements for discharge of purge 
water to the POTW:  Unfiltered Target Analyte List metals plus uranium, anions (bromide and fluoride plus chloride and sulfate), gamma spec, gross alpha/beta, isotopic uranium, tritium, anions, 
bicarbonate/carbonates, cations.

November 8, 2016
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Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) Not applicable.

√ Escalation to Base Year

√ Area Cost Factor Quotation is from local vendor.

√ Subcontractor Overhead and Profit Included in quotation.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Analytical costs per analysis was obtained from SNL Sample Management Office (SMO) for unit pricing in effect in 2012.  The validation costs are estimated per SMO, as actual costs are formula based which
is affected by laboratory quality control data, batching, project specific requirements, etc.  Pricing escalated for 5 years at 3% per year (cumulative escalation factor of 1.16).
QC sample analyses are not required.
Operational overhead multiplier of 1.20 applied to off-site services/equipment/supply purchases (funding from either EM or LTS).

FACTOR NOTES
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COST WORKSHEET

IDW transport & disposal - water

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Technician 16 HR 114.74 $1,836 Two technicians for 8 hours each to pick up and transport drums approximately 8 
miles to POTW discharge point.  Includes completing related documentation.

TOTAL COST $1,836

Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) Quotation is for Level D.

Escalation to Base Year Not applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Disposal of up to 20 55-gallon drums of waste water from well sampling or well redevelopment.  Assumes water is transported to sanitary sewer access point at SNL and disposed under current POTW 
discharge permit. Health and safety protection is Level D.

Based on current Sandia onsite contractor staff typical level of effort for similar onsite operations.

FACTOR NOTES
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COST WORKSHEET

Annual Progress Report

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

General assumption:  Draft Final and Final labor = 50% and 25% of Draft, 
respectively, except for technical editor/production costs which are assumed to be
equal.

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 12 HR 281.92 $3,383
Sr. Geologist/Engineer/Scientist 32 HR 209.81 $6,714 Prepare text and review of figures, graphs, and appendices.
Staff Geologist/Engineer/Scientist 80 HR 155.17 $12,413 Draft figures.  Update water level and concentration trend graphs.
Technician 16 HR 114.74 $1,836 Assemble field data form appendices and files.
Graphics 40 HR 81.95 $3,278 Up to ten figures at four hours each.
Technical Editor/Production 16 HR 120.20 $1,923
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 6 HR 281.92 $1,692
Sr. Geologist/Engineer/Scientist 16 HR 209.81 $3,357
Staff Geologist/Engineer/Scientist 40 HR 155.17 $6,207
Technician 8 HR 114.74 $918
Graphics 20 HR 81.95 $1,639
Technical Editor/Production 16 HR 120.20 $1,923
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s)
Project Manager 3 HR 281.92 $846
Sr. Geologist/Engineer/Scientist 8 HR 209.81 $1,678
Staff Geologist/Engineer/Scientist 20 HR 155.17 $3,103
Technician 4 HR 114.74 $459
Graphics 10 HR 81.95 $820
Technical Editor/Production 16 HR 120.20 $1,923
Production Supplies/Distribution costs 1 LS $1,000 $1,000
TOTAL COST $57,112

Annual progress report:  1) description of work completed during the reporting period, 2) summary of all problems, potential problems, or delays encountered during the reporting period, 3) description of 
actions taken to eliminate or mitigate problems, potential problems, or delays, 4) discussion of work projected for next reporting period, including sampling, 5) copies of results from monitoring, including 
sampling/analysis, and other data generated during the reporting period, and 6) copies of waste disposal records generated during the reporting period.  Includes potentiometric surface contour maps and 
isoconcentration maps for both the PGWS and Regional Aquifer.
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Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable.

Escalation to Base Year Not applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit Not applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Based on estimated level of estimate for Sandia onsite contractor staff to produce report.

FACTOR NOTES
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COST WORKSHEET

Groundwater well redevelopment
Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Contractor costs

Well Development 12 HR 437.05 $5,245 $5,245 Performed by drilling company using pump truck rig.
Subtotal contractor costs $5,245
Subtotal contractor costs + 
operational overhead

1.20 $6,293 Multiplier applied to outside contractors.

Sandia labor costs

Staff Geologist/Engineer/Scientist 20 HR 155.17 $3,103 $3,103 Contractor coordination, oversight, and documentation.
Subtotal Sandia labor costs $3,103

TOTAL COST $9,397

Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) Quotation is for Level D.

√ Escalation to Base Year For contractor.

√ Area Cost Factor Quotation is from local vendor.

√ Subcontractor Overhead and Profit Included in quotation.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Develop groundwater monitoring, injection, or extraction well (average 310 feet deep).  Well is surged and bailed, then pumped to obtain parameter stabilization.   Includes setup and decontamination, containerization of 
investigation-derived waste (IDW).  Health and safety protection is Level D.

Hourly drilling company rate for well development based on applicable section of Boart Longyear quotation to Sandia for installation of MW-13 (7/3/2012) plus 5 years of 3% annual escalation.
Level of effort based on site-specific past experience.
Operational overhead multiplier of 1.20 applied to outside contractor cost line items.

FACTOR NOTES
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COST WORKSHEET

Remedy Performance Review Report

Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Report Preparation General assumption:  Draft Final and Final labor = 50% and 25% of Draft, 
respectively, except for technical editor/production costs which are assumed to 
be equal.

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 40 HR 281.92 $11,277
Sr. Geologist/Engineer/Scientist 160 HR 209.81 $33,569
Staff Geologist/Engineer/Scientist 240 HR 155.17 $37,240
Technician 0 HR 114.74 $0
Graphics 40 HR 81.95 $3,278
Technical Editor/Production 40 HR 120.20 $4,808
Production Supplies/Distribution costs 1 LS $5,000 $5,000

Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 20 HR 281.92 $5,638
Sr. Geologist/Engineer/Scientist 80 HR 209.81 $16,784
Staff Geologist/Engineer/Scientist 120 HR 155.17 $18,620
Technician 0 HR 114.74 $0
Graphics 20 HR 81.95 $1,639
Technical Editor/Production 40 HR 120.20 $4,808
Production Supplies/Distribution costs 1 LS $5,000 $5,000

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 10 HR 281.92 $2,819
Sr. Geologist/Engineer/Scientist 40 HR 209.81 $8,392
Staff Geologist/Engineer/Scientist 60 HR 155.17 $9,310
Technician 0 HR 114.74 $0
Graphics 10 HR 81.95 $820
Technical Editor/Production 40 HR 120.20 $4,808
Production Supplies/Distribution costs 1 LS $5,000 $5,000
TOTAL COST $178,811

Source of Cost Data:
Based on estimated level of estimate for Sandia onsite contractor staff to produce report.

Prepare Corrective Measure Remedy Performance Review Report to evaluate effectiveness and protectiveness of implemented remediation.
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Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable.

Escalation to Base Year No applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit No applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

FACTOR NOTES
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COST WORKSHEET

Update Institutional Control Plan
Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

General assumption:  Draft Final and Final labor = 50% and 25% of Draft, 
respectively, except for technical editor/production costs which are assumed to 
be equal.

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 12 HR 281.92 $3,383
Sr. Geologist/Engineer/Scientist 60 HR 209.81 $12,588
Staff Geologist/Engineer/Scientist 8 HR 155.17 $1,241
Technician 0 HR 114.74 $0
Graphics 16 HR 81.95 $1,311
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 6 HR 281.92 $1,692
Sr. Geologist/Engineer/Scientist 30 HR 209.81 $6,294
Staff Geologist/Engineer/Scientist 4 HR 155.17 $621
Technician 0 HR 114.74 $0
Graphics 8 HR 81.95 $656
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000

Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s).
Project Manager 3 HR 281.92 $846
Sr. Geologist/Engineer/Scientist 15 HR 209.81 $3,147
Staff Geologist/Engineer/Scientist 2 HR 155.17 $310
Technician 0 HR 114.74 $0
Graphics 4 HR 81.95 $328
Technical Editor/Production 12 HR 120.20 $1,442
Production Supplies/Distribution costs 1 LS $1,000 $1,000
TOTAL COST $39,744

Source of Cost Data:
Based on estimated level of estimate for Sandia onsite contractor staff to produce report.

Review and update Institutional Control Plan
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Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable.

Escalation to Base Year Not applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit No applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

FACTOR NOTES
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COST WORKSHEET

Corrective Measures Implementation Report
Site: Tijeras Arroyo Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measures Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

General assumption:  Draft Final and Final labor = 50% and 25% of Draft, 
respectively, except for technical editor/production costs which are assumed to 
be equal.

DESCRIPTION QTY UNIT LABOR EQUIP MTRL TOTAL NOTES

Prepare Draft Includes internal draft for Sandia review and submittal to regulatory agency(s).

Project Manager 40 HR 281.92 $11,277
Sr. Geologist/Engineer/Scientist 120 HR 209.81 $25,177
Staff Geologist/Engineer/Scientist 120 HR 155.17 $18,620
Technician 0 HR 114.74 $0
Graphics 80 HR 81.95 $6,556
Technical Editor/Production 40 HR 120.20 $4,808
Production Supplies/Distribution costs 1 LS $2,000 $2,000
Prepare Draft Final Includes internal draft for Sandia review and submittal to regulatory agency(s).

Project Manager 20 HR 281.92 $5,638
Sr. Geologist/Engineer/Scientist 60 HR 209.81 $12,588
Staff Geologist/Engineer/Scientist 60 HR 155.17 $9,310
Technician 0 HR 114.74 $0
Graphics 40 HR 81.95 $3,278
Technical Editor/Production 40 HR 120.20 $4,808
Production Supplies/Distribution costs 1 LS $2,000 $2,000
Prepare Final Includes internal draft for Sandia review and submittal to regulatory agency(s).

Project Manager 10 HR 281.92 $2,819
Sr. Geologist/Engineer/Scientist 30 HR 209.81 $6,294
Staff Geologist/Engineer/Scientist 30 HR 155.17 $4,655
Technician 0 HR 114.74 $0
Graphics 20 HR 81.95 $1,639
Technical Editor/Production 40 HR 120.20 $4,808
Production Supplies/Distribution costs 1 LS $2,000 $2,000
TOTAL COST $128,276

Source of Cost Data:
Based on estimated level of estimate for Sandia onsite contractor staff to produce report.

Prepare Corrective Measure Implementation Report:  Includes 1) summary of work completed, 2) signed statement by PE (if appropriate) that remedy has been completed to the full satisfaction of the CMIP, 3) as-
built drawings, 4) copies of monitoring results and other data not previously presented in progress reports, 5) waste disposal records not previously submitted in progress reports, 6) certification statement.  Also 
includes a request for Certificate of Completion from NMED and associated supporting information.
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Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) No field work. Not Applicable.

Escalation to Base Year Not applicable.

√ Area Cost Factor Pricing based on current M&O contractor (onsite).

Subcontractor Overhead and Profit No applicable.

√ Prime Contractor Overhead and Profit Included in unit pricing.

FACTOR NOTES
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COST WORKSHEET

Groundwater well plug and abandon
Site: Tijeras Arroya Groundwater Prepared by: Tom Berry, CE2
Location:  Sandia National Laboratories/New Mexico Date prepared:
Phase:  Corrective Measure Evaluation (-30% to +50%)
Base Year:  2017

Work Statement:

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Contractor costs

Mob/Demob 1 EA $2,090 $2,090 Assume done in conjunction with other well P&A.
Well pad demolition 1 EA $735 $735 Demolish well pad and bollards.
Grout well to ground surface 550 FT $16 $8,926 Approximate average depth of TA-V wells.
Concrete monument 1 EA $4,618 $4,618 Placed at location of abandoned well.
Subtotal contractor costs $16,370

Subtotal contractor costs + 
operational overhead

1.20 $19,644 Multiplier applied to outside contractors.

Sandia labor costs
Staff Geologist/Engineer/Scientist 40 HR 155.17 $6,207 $6,207 Contractor coordination, oversight, and documentation.
Technician 8 HR 114.74 $918 $7,343 Onsite handling/disposal of IDW water at Sandia under site-wide POTW 

permit. 
Subtotal Sandia labor costs $13,550
TOTAL COST $33,194

Source of Cost Data:

Cost Adjustment Checklist:

√ H&S Productivity (labor & equip only) Quotation is for Level D.

√ Escalation to Base Year For contractor.

√ Area Cost Factor Quotation is from local vendor.

√ Subcontractor Overhead and Profit Included in quotation.

√ Prime Contractor Overhead and Profit Included in unit pricing.

Plug and abandon (P&A) up to 5-in diameter PVC monitoring, injection, or extraction well.  Remove wellhead completion.  Health and safety protection is Level D.

Hourly drilling company rate for well decommissioning based on applicable sections of Boart Longyear quotation to Sandia for installation of MW-13 (7/3/2012) plus 5 years of 3% annual escalation.
Level of effort based on site-specific past experience.
Operational overhead multiplier of 1.20 applied to outside contractor cost line items based on funding under Long-Term Stewardship (LTS).

FACTOR NOTES
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Annual escalation (%) 1 3.0% Used for Cost 
Estimate

LABOR CATEGORY
Base Year (2017) 

Rate ($/hr)
Base Year (2018) 

Rate ($/hr)
Base Year (2019) 

Rate ($/hr) 2

Project Manager $281.92 $290.38 $299.09

Sr. Geologist/Engineer/Scientist $209.81 $216.10 $222.58

Staff Geologist/Engineer/Scientist $155.17 $159.82 $164.61

Technician $114.74 $118.18 $121.73

Graphics $81.95 $84.41 $86.94

Technical Editor/Production $120.20 $123.81 $127.52

Notes:

2 = Labor hourly rates based on anticipated fully burdened cost for SNL staff or onsite contractor cost. Rates are 
      taken from current Environmental Restoration Operations Resource Loaded Baseline FY13 to FY20.  Sandia
      Standard Labor Rates are based on the mid-point of each salary band then increased to recover OT, allowances,
      and fringe benefits.  The Total Burdened Labor Rate is the SNL Standard Labor Rate (with fringe) burdened by 
      a multiplier for the recovery of Division Support, Program Management, Corporate Taxes, NM Site Support,
      Work For Others Office Support, General & Administrative, and Lab Directed Research & Development 
      (LDRD).

Fully Burdened Labor Rates

1= Employee costs were calculated using the current FY labor band and the future Standard Labor Rates.  No 
     inflation rates may be used to inflate Employee costs. Expenditure-specific inflation factors may be
     applied to inflate non-employee labor and non-labor.

E-49



Discount Rate (%)
Year Factor 1.50%

1 0.985 1.50%

2 0.971 1.50%

3 0.956 1.50%

4 0.942 1.50%

5 0.928 1.50%

6 0.915 1.50%

7 0.901 1.50%

8 0.888 1.50%

9 0.875 1.50%

10 0.862 1.50%

11 0.849 1.50%

12 0.836 1.50%

13 0.824 1.50%

14 0.812 1.50%

15 0.800 1.50%

16 0.788 1.50%

17 0.776 1.50%

18 0.765 1.50%

19 0.754 1.50%

20 0.742 1.50%

21 0.731 1.50%

22 0.721 1.50%

23 0.710 1.50%

24 0.700 1.50%

25 0.689 1.50%

26 0.679 1.50%

27 0.669 1.50%

28 0.659 1.50%

29 0.649 1.50%

30 0.640 1.50%

31 0.630 1.50%

32 0.621 1.50%

33 0.612 1.50%

34 0.603 1.50%

35 0.594 1.50%

36 0.585 1.50%

37 0.576 1.50%

38 0.568 1.50%

39 0.560 1.50%

40 0.551 1.50%

41 0.543 1.50%

42 0.535 1.50%

30+ YR PROJECT

Present Value Discount Factors

Present value costs were calculated using the real discount rate of 1.5% for federal facilities based on the 2016 Discount 

Rates for Office of Management and Budget Circular A‐94 for projects with a timeframe of 30 years or more.  EPA 

guidance indicates that the same discount rate should be used for all evaluated alternatives based on the alternative 

with the longest timeframe (Alternative 1 timeframe is 42 years).
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Annual escalation rate 3.0%

Years from quotation to 

Base Year

Cumulative escalation 

rate multiplier
1.03

1 1.03

2 1.06

3 1.09

4 1.13

5 1.16

6 1.19

7 1.23

8 1.27

9 1.30

10 1.34

Escalation Factors to Base Year

E-51


	TAG CCM_CME Rpt_Dec 2016_Final.pdf
	Tijeras Arroyo Groundwater Current Conceptual Model and Corrective Measures Evaluation Report
	TABLE OF CONTENTS
	LIST OF FIGURES
	Figure 1-1
	Figure 2-1
	Figure 2-2
	Figure 2-3
	Figure 2-4
	Figure 2-5
	Figure 2-6
	Figure 2-7
	Figure 3-1
	Figure 3-2
	Figure 3-3
	Figure 3-4
	Figure 3-5
	Figure 3-6
	Figure 3-7
	Figure 3-8
	Figure 3-9
	Figure 3-10
	Figure 3-11
	Figure 3-12
	Figure 3-13
	Figure 3-14
	Figure 3-15
	Figure 3-16
	Figure 3-17
	Figure 3-18
	Figure 3-19
	Figure 3-20
	Figure 3-21
	Figure 3-22
	Figure 3-23
	Figure 3-24
	Figure 3-25
	Figure 3-26
	Figure 3-27
	Figure 4-1
	Figure 4-2
	Figure 4-3
	Figure 5-1
	Figure 5–2
	Figure 5-3
	Figure 5-4
	Figure 5–5
	Figure 5–6
	Figure 5–7
	Figure 5–8
	Figure 5–9
	Figure 5-10
	Figure 5-11
	Figure 6-1
	Figure 7-1

	LIST OF TABLES
	Table 1-1
	Table 3-1
	Table 3-2
	Table 3-3
	Table 3-4
	Table 3-5
	Table 3-6
	Table 3-7
	Table 3-8
	Table 4-1
	Table 4-2
	Table 4-3
	Table 5-1
	Table 5-2
	Table 7-1

	LIST OF APPENDICES
	APPENDIX A - Tijeras Arroyo Groundwater Investigation Historical Timeline
	APPENDIX B - Construction Details for Monitoring, Production, and Remediation Wells in the Vicinity of the TAG AOC
	APPENDIX C - Groundwater Elevations Measured in 2015 at Monitoring Wells in the Vicinity of the TAG AOC
	APPENDIX D - Evaluation of Contaminant Transport (SNL/NM August 2005)
	APPENDIX E - Cost Estimate and Design Assumptions for the Remedial Alternative

	ACRONYMS AND ABBREVIATIONS
	EXECUTIVE SUMMARY
	1.0 INTRODUCTION
	1.1 TAG Background and Status of the CCM and CME Report
	1.2 Objectives
	1.3 Organization

	2.0 REGIONAL GEOLOGY AND HYDROGEOLOGY
	2.1 Regional Geologic Setting
	2.2 Regional Hydrogeologic Setting
	2.3 Regional Stratigraphic Framework
	2.4 Regional Hydrology
	2.5 Regional Aquifer
	2.5.1 Aquifer Geometry
	2.5.2 Hydrostratigraphic Characteristics
	2.5.3 Regional Recharge
	2.5.4 Regional Groundwater Flow
	2.5.5 Regional Discharge


	3.0 GEOLOGY AND HYDROGEOLOGY OF THE TAG AOC
	3.1 Geologic Setting of TAG AOC Vicinity
	3.1.1 Structural Framework
	3.1.2 Stratigraphic Framework
	3.1.2.1 Alluvial-fan Lithofacies
	3.1.2.2 Ancestral Rio Grande Deposits


	3.2 Monitoring Well Network
	3.2.1 Monitoring Well Network

	3.3 Hydrogeologic Conditions at the TAG AOC
	3.3.1 Potentiometric Surfaces
	3.3.1.1 Potentiometric Surface of the Perched Groundwater System
	3.3.1.2 Potentiometric Surface of the Regional Aquifer

	3.3.2 Groundwater Geochemistry
	3.3.2.1 Piper Diagrams
	3.3.2.2 Stiff Diagrams

	3.3.3 Geochemical Modeling
	3.3.4 Geochemical Ratios
	3.3.5 Hydraulic Properties
	3.3.5.1 Horizontal Hydraulic Conductivity
	3.3.5.2 Vertical Hydraulic Conductivity
	3.3.5.3 Horizontal Hydraulic Gradient
	3.3.5.4 Vertical Hydraulic Gradients
	3.3.5.5 Effective Porosity
	3.3.5.6 Groundwater Velocities


	3.4 Groundwater Recharge and Discharge
	3.4.1 Wastewater Disposal
	3.4.2 Precipitation
	3.4.3 Infiltration and Recharge
	3.4.4 Local Discharge and Production Wells
	3.4.5 Local Recharge

	3.5 Water Level Fluctuations
	3.6 Groundwater Flow Modeling
	3.6.1 Capture Zone Modeling for Production Wells
	3.6.2 Contaminant Transport Modeling
	3.6.3 Conceptual Modeling of Recharge Features and Stratigraphic Controls

	3.7 Stable Isotopes

	4.0 SITE HISTORY, CORRECTIVE ACTIONS, AND POTENTIAL RELEASE SITES
	4.1 Operational History
	4.1.1 Co-located Operations Conducted by Commercial Airport, Aircraft Dismantlement, and DOE/Sandia
	4.1.2 KAFB Operations
	4.1.3 ABCWUA/COA Operations

	4.2 SNL/NM Corrective Actions in the TAG AOC
	4.3 SNL/NM Historical Releases with the Potential to Impact Groundwater
	4.3.1 SWMU 46 (Old Acid Waste Line Outfall)
	4.3.2 Multiple SWMUs at TA-II
	4.3.3 TA-I Sanitary Sewer System (SWMU 187)

	4.4 Federal SWMUs and Municipal Sites with Potential for Creating Groundwater Contamination

	5.0 GROUNDWATER MONITORING AT THE TAG AOC
	5.1 Nitrate
	5.2 Nature and Extent of Nitrate Contamination
	5.3 Time-Series Plots of NPN Concentrations in Groundwater
	5.4 Trichloroethene (TCE)
	5.5 Other Groundwater Analytes

	6.0 CONCEPTUAL SITE MODEL
	6.1 TAG Conceptual Site Model
	6.2 Nitrate Occurrence in the Environment
	6.3 Health Effects Associated with Nitrate
	6.4 Potential Receptors of Groundwater Contamination
	6.5 Summary of Conceptual Site Model

	7.0 CORRECTIVE MEASURES EVALUATION
	7.1 Remedial Technology Identification and Screening
	7.1.1 Monitored Natural Attenuation
	7.1.2 In Situ Bioremediation
	7.1.3 Groundwater Extraction and Treatment

	7.2 Identification and Description of Remedial Alternatives
	7.3 Evaluation of Remedial Alternatives
	7.4 Preferred Remedy
	7.5 Remedial Alternative Design Criteria
	7.6 Corrective Measures Implementation Plan
	7.6.1 Corrective Measures Implementation Plan Outline
	7.6.2 Estimated Schedule for Initiating Corrective Measures Implementation and Associated Deliverables


	8.0 CONCLUSIONS
	9.0 REFERENCES





