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CHAPTER 1 | INTRODUCTION 

1.1 REPORT BACKGROUND 

The Los Alamos National Laboratory (LANL) Natural Resource Trustees (herein referred to as the 

ñTrusteesò) are conducting a Natural Resource Damage Assessment (NRDA) to evaluate natural resource 

injuries and damages associated with the release of hazardous substances from the LANL facility. The 

goal of the assessment is to replace, restore, rehabilitate, or acquire the equivalent of injured natural 

resources and resource services lost due to such releases. The Trustees finalized a Damage Assessment 

Plan (DAP) in February 2014 (LANL NRTC 2014). The DAP presents the Trusteesô understanding of the 

assessment work necessary to complete the NRDA. Specifically, it describes activities to identify and 

quantify injuries to natural resources and the services they provide, and to identify, scale, estimate the 

cost of, and implement compensatory restoration. Several activities outlined in the DAP relate to the 

assessment of groundwater.1 Parts of these activities have been combined into this Groundwater Data, 

Baseline, and Services assessment activity, being completed under U.S. Department of Energy (DOE) 

Contract DE-EM0003939, Task Order DE-DT0011312, dated September 2016. As part of this assessment 

activity, Industrial Economics, Incorporated (IEc) prepared a work plan (IEc 2017). This report presents 

findings related to the second work plan objective, which is to ñCharacterize the hydrological and 

chemical conditions of the groundwater in and around LANL under baseline.ò 

1.1.1 GOALS AND OBJECTIVES OF THE ASSESSMENT ACTIVITY 

As described in the work plan, the overarching goal of the groundwater activity is to compile and 

summarize available information on current and past groundwater conditions, baseline services, and 

potential impacts to groundwater services to support the NRDA, including injury and damages 

determination (IEc 2017). This report focuses on Task 2 (define baseline conditions for groundwater) and 

constitutes deliverable 3 of the work plan (report summarizing available data on the baseline condition of 

groundwater resources); that is, it describes the hydrological and chemical conditions of the groundwater 

in and around LANL under baseline. The services provided by groundwater under baseline (i.e., Task 3, 

deliverable 4) will be addressed under separate cover. A third, separate deliverable will focus on Task 1 

of the work plan and will be a summary of existing information on current and past groundwater 

conditions in and around LANL, focusing on the characterization of plumes of released hazardous 

substances (IEc 2017). 

The geographic scope of this assessment activity consists of areas within LANL property and the vicinity, 

including where LANL-related hazardous substances have come to be located (i.e., ñin and around 

 

1 In Exhibit 6-1 of the DAP, one assessment activity is an ñinitial priorityò titled ñQuantification of injured 
groundwater, volume and time dimensions.ò Another assessment activity is a ñnearer-term priorityò titled 
ñDetermination of baseline services provided by groundwater and service losses attributable to hazardous 
substance contamination.ò Finally, a ñlonger-term priorityò assessment activity is titled ñDetermination and 
monetization of groundwater damagesò (LANL NRTC 2014). 
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LANLò)2 per section 101(9) of the Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA) and as described in the DAP (LANL  NRTC 2014).3 

1.1.2 BASELINE IN NATURAL RESOURCE DAMAGE ASSESSMENTS 

The Department of the Interior (DOI) regulations pertaining to NRDA (DOI NRDA Regulations; 43 Code 

of Federal Regulations [C.F.R.] Part 11) discuss the concept of baseline in a number of instances and 

contexts. In particular, establishing the baseline condition of the resource is a key component of the injury 

quantification step. The baseline condition(s) of a resource is defined as ñthe condition or conditions that 

would have existed at the assessment area had the discharge of oil or release of the hazardous substance 

under investigation not occurredò (43 C.F.R. 11.14(e)). Further, restoration or rehabilitation of injured 

resources is defined as ñactions undertaken to return an injured resource to its baseline condition, as 

measured in terms of the injured resource's physical, chemical, or biological properties or the services it 

previously providedéò (43 C.F.R. § 11.14(ll)).4 Therefore although baseline is commonly understood to 

reflect the conditions that would have existed ñbut forò the release of contaminants; it is both the marker 

from which injury is measured, in a relative sense, and ultimately the target for measurement of the 

success of any restoration. Implicit in its definition; baseline can also change over time. 

In order to define the baseline physical, chemical, or biological properties of groundwater, as well as 

baseline services, the DOI NRDA regulations provide guidance: they envision using either (1) 

information on the pre-release conditions of the resource (e.g., groundwater quality data from years prior 

to releases from LANL operations) (43 C.F.R. § 11.72(c)) or (2) information from control (sometimes 

referred to as background) areas (43 C.F.R. § 11.72(d)). Natural resource trustees, therefore, can consider 

information on resource conditions collected prior to the release of a hazardous substance and/or from 

geographic areas with attributes that are the same or similar to those of the injured resource, but that were 

not affected by the release.  

The DOI NRDA regulations also provide resource-specific assessment guidance related to baseline 

determination (see 43 C.F.R. § 11.72(h)). While such guidance can be specific, the DOI NRDA 

regulations allow for flexibilit y. For instance, the Trustees may focus on subsets of releases, injuries, 

and/or services due to limitations on time and resources. 

Anthropogenic versus Natural Sources of Contamination under Baseline 

The DOI NRDA regulations state ñBaseline data should reflect conditions that would have been expected 

at the assessment area had the discharge of oil or release of hazardous substances not occurred, taking 

 

2 The specific geographic boundaries corresponding to ñin and around LANLò will be defined during 
implementation of this assessment activity as the geographic dimensions of contaminated groundwater plumes 
resulting from releases from LANL operations (see "Geographic Scope" section of the LANL Damage Assessment 
Plan, LANL NRTC 2014). 

3 As described in the LANL Damage Assessment Plan (LANL NRTC 2014), the Trusteesô Memorandum of 
Agreement provides a framework for coordination among the parties in accordance with the authority established 
under CERCLA (42 United States Code [U.S.C.] §§ 9601 to 9675), the Clean Water Act (33 U.S.C. 1251 §§ et 
seq.), and the Oil Pollution Act (33 U.S.C. 2701). 

4 In the case of groundwater, the need to define the biological condition is rare - usually only reserved for 
circumstances where biota live in underground caves filled with groundwater or when exchange with the hyporheic 
zone is expected to be high. (The hyporheic zone is the area adjacent to a stream where shallow groundwater and 
surface water can mix.) Typically, once groundwater daylights in the form of a spring or as base flow to a stream, it 
is considered surface water and addressed as such. 
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into account both natural processes and those that are the result of human activitiesò (emphasis added; 

43 C.F.R. § 11.72(b)(1)). Thus, understanding how natural processes and human activities can affect 

baseline is important. By acknowledging that natural processes affect baseline, the DOI NRDA 

regulations highlight the need to distinguish injuries caused by the hazardous substance release in 

question from other factors that can affect the type, quality, or quantity of services provided by a natural 

resource. For example, natural conditions and processes unrelated to a release of a hazardous substance 

can affect the chemical and physical conditions of groundwater, which can in turn affect the types of 

acceptable uses or values the public holds for a given groundwater resource. Such factors can include, for 

example, the natural minerals in the rock within which the groundwater resides (including naturally 

occurring radionuclides in ore deposits) or weather and other environmental conditions (including rainfall 

and infiltration). Additionally, contamination from non-LANL activities (i.e., from other entities) may 

exist given the long history of weapons testing and research activities in the region and globally (e.g., 

americium-241, cesium-137, strontium-90). However, it may be reasonable to assume that man-made 

radionuclides and anthropogenic organic compounds, such as trichloroethene, high explosive (HE) 

compounds, polychlorinated biphenyls (PCBs), and other volatile and semi-volatile compounds, would 

not have existed at measurable levels in groundwater near LANL absent releases from LANL operations.  

In addition to natural processes, anthropogenic factors should be considered when determining baseline 

conditions. Emphasis on the use of historical or pre-release data is not meant to imply that baseline should 

reflect the condition of resources in a pre-development state. Rather, results of human activities that 

induce either adverse or beneficial changes to the environment should be reflected in the baseline 

determination. Over pumping, for example, can cause subsidence and compaction of an aquifer, which 

would affect the provision of drinking water. 

Other Baseline Considerations 

According to the DOI NRDA regulations, changes that are the result of remedial actions are not 

considered to be part of baseline. The regulations state that recoverable damages can be ñcalculated based 

on injuries occurring from the onset of the release through the recovery period, less any mitigation of 

those injuries by response actions taken or anticipated, plus any increase in injuries that are reasonably 

unavoidable as a result of response actions taken or anticipatedò (43 C.F.R. § 11.15(a)(1)). Thus, injuries 

to groundwater resources that may be caused by remedial actions are accounted for directly within the 

injury quantification step of a NRDA and are not considered part of baseline. Similarly, the benefits of 

remediation should not be considered a component of baseline but should be accounted for in the injury 

quantification step. 

The DOI NRDA regulations clearly indicate that care should be exercised when selecting and using data 

from control locations (see 43 C.F.R. § 11.72(d) et seq.). In particular, the Trustees should consider a 

number of factors to ensure that the control location is similar in its attributes to the release-affected area 

but that it has not itself been affected by the hazardous substance release. The regulations note also that 

ñData collected at the control area should be compared to values reported in the scientific or 

management literature for similar resources to demonstrate that the data represent a normal range of 

conditionsò (43 C.F.R. § 11.72(d)(6)).5  

 

5 Due to the existence of site-specific background data (LANL 2016a), we do not believe there are other values (i.e., 
values reported in the literature) that would be more applicable to this area. 
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1.2 TECHNICAL APPROACH AND FINDINGS 

As described in the work plan (IEc 2017), the approach to this component of the assessment activity 

includes the following steps: 

¶ Identify groundwater data and information relevant to the baseline condition of groundwater in 

and around LANL. 

¶ Compile and summarize available information. 

¶ Review assumptions and supporting evidence of the baseline condition of groundwater in and 

around LANL with resource managers. 

¶ Develop a report summarizing findings. 

Each of these steps and the information we relied upon are described in more detail in the subsequent 

chapters of this report.  

¶ Chapter 2 describes the approaches available for establishing baseline and the information 

sources that were relied upon for this report.  

¶ Chapter 3 summarizes and interprets control area (regional and site-specific) and pre-release data 

and information in the context of understanding baseline. This chapter includes a due diligence 

analysis and a discussion of broad-scale uncertainties related to groundwater baseline.  

¶ Finally, Chapter 4 provides our conclusions and recommendations.  

Through this approach, we have found the following: 

1. The background contaminant concentrations presented in the LANL Groundwater Background 

Investigation Report, Revision 5 (GBIR) (LANL 2016a) appear to be sufficient for purposes of 

NRDA. However, in some cases values were not defined in the GBIR; some contaminants did 

not meet the GBIRôs 50 percent non-detect criterion (e.g., americium-241, chromium in 

intermediate-depth groundwater) or were not evaluated in the GBIR since they are not naturally 

occurring (e.g., explosive compounds). Available information indicates that the hydrogeology of 

LANL is comparable to that of the surrounding areas that may be impacted by LANL discharges 

west of the Rio Grande. Therefore, the baseline concentrations from the GBIR can be applied to 

areas in and around LANL  with similar hydrogeology. 

2. In the case of chromium in intermediate groundwater, we recommend not affirmatively 

identifying a baseline concentration at this time, since a recommendation may come about as a 

result of the ongoing work to characterize groundwater contamination data (being conducted 

separately, see Section 1.1.1). 

3. In the case of man-made contaminants (e.g., explosive compounds, solvents, and man-made 

radionuclides), we recommend assuming that they would not be present in groundwater under 

baseline conditions (i.e., their concentrations would be zero, absent releases from LANL). 

4. Other compounds for which background values are not presented in the GBIR, however, such as 

tritium and uranium-235, could be present in the Española Basin due to the erosion and decay of 

natural deposits as well as from other releases. We include recommendations for compounds 

such as these in Chapter 4. 
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Overall, our findings suggest that groundwater in and around LANL would have chemical constituents at 

levels considered safe for drinking under baseline conditions and does not have undesirable 

characteristics (e.g., hardness). Although, some locations in the Española Basin suggest influence from 

anthropogenic activities (e.g., elevated chloride and nitrate) and geogenic metals (e.g., arsenic and 

uranium), these effects appear to be localized in areas distant from LANL and do not impact the baseline 

condition of groundwater in and around LANL. There is no evidence to suggest that the range of services 

provided by groundwater under baseline conditions would be limited in any way.6 

 

 

6 As noted in Section 1.1.1, the suite of services provided by groundwater in and around LANL will be described 
under separate cover. 
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CHAPTER 2 | APPROACH AND INFORMATION SOURCES 

2.1 APPROACHES TO ESTABLISHING BASELINE AT LANL 

As noted in Chapter 1, there are two conventional approaches to establishing the baseline condition of a 

natural resource for NRDA purposes: utilizing (1) pre-release data, or (2) information from control areas. 

Below, we discuss the potential to use site-specific information to inform baseline at LANL according to 

these two approaches. 

1. Pre-release data.  

Data related to the physical and chemical conditions of groundwater resources at LANL prior to 

the start of operations could be used as a basis for establishing baseline. This could include 

concentrations of anthropogenic and/or naturally occurring substances present in the groundwater 

prior to any hazardous substance release(s). At LANL, groundwater investigations began as early 

as 1949, and the United States Geological Survey (USGS) completed a technical report in 1964 

on the geology and groundwater resources of the Los Alamos area (Griggs and Hem 1964). 

However, the underlying data from that time period are limited. The earliest available 

groundwater data obtained was from the LANL Environmental Information Management (EIM) 

Intellus New Mexico database (hereafter, Intellus) date back to the 1960s. It is possible that some 

pre-release data could be available for certain substances in certain locations, particularly if the 

original release dates are known. For example, data may be available from individual wells prior 

to their contamination by a given release. This concept is explored in greater detail in Chapter 3.  

2. Utilizing information from control areas . 

In the absence of robust pre-release data, data collected from control areas can also be used to 

establish baseline. In the case of groundwater at LANL, regional data or data from areas within 

the vicinity that were not impacted by releases from LANL operations may be used.7 When 

utilizing regional information to establish baseline, it is necessary to evaluate whether 

groundwater in the region is sufficiently homogenous whereby its characteristics can be used to 

represent the state of groundwater on the site-level. Regarding information from areas within the 

vicinity, LANL has undertaken numerous studies with the goal of characterizing groundwater 

conditions, including collecting data from sites designated as ñbackgroundò locations (LANL 

2016a). These data and information sources are also described in more detail in Chapter 3. 

To the extent possible, our evaluation of baseline also considers factors other than the presence of 

hazardous substances that may have affected the condition of groundwater resources in and around LANL 

(e.g., population growth, climate change). 

 

7 When relying on pre-release or regional information, it may be important to account for any other regional changes 
that may have occurred over time due to climate and other human influences. 
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2.2 INFORMATION SOURCES RELIED UPON 

For the purpose of identifying and incorporating information from relevant sources, we identified 

geologic reports from USGS, LANL, and New Mexico state (or affiliated) agencies (e.g., the New 

Mexico Environment Department [NMED], the New Mexico Bureau of Geology & Mineral Resources). 

IEc also conducted several interviews with New Mexico groundwater resource experts and managers, 

which provided a broad understanding of the history of groundwater resources in New Mexico and at 

LANL. This included meetings with Pueblo de San Ildefonso staff and their attorney (5/9/17 and 6/14/17, 

respectively), representatives from the Los Alamos County Department of Public Utilities (7/14/17), and 

staff from the Utton Transboundary Resources Center (1/29/18).8 

Groundwater in the Western United States is a precious resource. As a result, a great deal of effort is 

expended by a number of entities each year in studying and managing this resource. In the Española Basin 

specifically, major economic centers (e.g., Santa Fe) and federal facilities (e.g., LANL) drive the need to 

understand the quality and quantity of groundwater in this area. A number of reports exist, both related to 

Santa Feôs groundwater supply as well as groundwater in Los Alamos County. Site-specific information 

is typically more useful than regional information when attempting to establish baseline for an area. 

However, we provide an overview of the available regional information, at the scale of the Española 

Basin, to contextualize the data and information for groundwater in and around LANL. 

We rely principally upon the following key reports: 

- Pre-release information:  

o Geology and Ground-Water Resources of the Los Alamos Area, New Mexico, 

Geological Survey Water-Supply Paper 1753 (Griggs and Hem 1964). 

- Control  area information:   

o Regional:  

Á Groundwater Major Elements, Trace Elements, Temperature, Noble Gas, and 

Carbon Isotope Data from the Española Basin, U.S. Geological Survey Scientific 

Investigations Report 2008-5200 (Manning 2009). 

Á The impact of CO2 on shallow groundwater chemistry: observations at a natural 

analog site and implications for carbon sequestration (Keating et al. 2010). 

Á Water quality and hydrogeochemistry of a basin and range watershed in a semi-

arid region of northern New Mexico (Linhoff et al. 2016). 

o Site-specific:  

Á LANL Groundwater Background Investigation Report, Revision 5 (LANL 

2016a). 

 

8 The Utton Transboundary Resources Center at the University of New Mexico (http://uttoncenter.unm.edu/) 
researches and provides information to the public about water, natural resources, and environmental issues, with a 
particular focus on New Mexico and the Southwest. It also has expertise in water rights and adjudications. 

http://uttoncenter.unm.edu/
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We also rely upon groundwater data from the Intellus database. Specifically, we performed a due 

diligence analysis using data from background wells identified in the GBIR. This analysis is discussed in 

greater detail in Chapter 3. 
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CHAPTER 3 | BASELINE CONDITION 

In this chapter, we summarize the baseline condition of groundwater in and around LANL, as interpreted 

from key documents and information sources. We do not attempt to reproduce a comprehensive 

discussion of the detailed geology present at LANL but discuss geology to the extent relevant for 

understanding the baseline condition of groundwater resources. We also point readers to original 

documents for further reading, as needed, and note that the Groundwater Characterization report (being 

produced under the same work plan as this report) will contain a more detailed overview of the geology in 

and around LANL. 

3.1 REGIONAL INFORMATION 

As noted in Chapter 2, pre-release information is preferred for establishing the baseline condition of a 

natural resource. However, to provide context for the discussion of baseline groundwater conditions in 

and around LANL, we first present our summary and evaluation of regional information for the Española 

Basin (within which LANL, Santa Fe, and Española reside). We also discuss baseline conditions of the 

various stratified groundwater resources found within LANLôs geologic landscape, the Pajarito Plateau.  

3.1.1 ESPA¤OLA BASIN  

Hydrogeology of the Drainage Basin 

The Española Basin is located within the central portion of the Rio Grande rift - a major continental rift 

zone extending from Colorado to Mexico (Exhibit 3-1). The crustal extension processes forming the Rio 

Grande rift began ~25 Ma (mega annums, or million years ago) (late Oligocene) and continue into the 

present (Manning 2009 and references therein). The Española Basin itself is bounded to the west by the 

Jemez Mountains and to the east by the Sangre de Cristo Mountains. These two mountain blocks originate 

from different geologic processes and are therefore composed of different rock types (Exhibit 3-2).9 The 

Jemez Mountains are composed of Miocene to Quaternary age (23.03 - 0.012 Ma) intermediate to silicic 

volcanic rocks. The Sangre de Cristo Mountains are primarily composed of significantly older Proterozoic 

(2,500 - 541 Ma) metasedimentary rocks, such as schist and quartzite, as well as plutonic rocks, such as 

granites and granitic gneisses (Manning 2009). Miocene to Pliocene age (23.03 - 3.6 Ma) basin-fill 

sediments occur between these two mountain ranges and belong to the Santa Fe Group, a formation that 

spans multiple basins along the Rio Grande rift. In general, the thickness of the basin fill ranges from 0 

meters (m) at the foot of the Sangre de Cristo Mountains to 2,000 - 3,000 m in the central and western 

part of the basin (Wilkins 1986).  

The regional aquifer in the Española Basin lies predominantly in the Santa Fe Group. The Tesuque 

formation is a stratigraphic unit in the Santa Fe Group and is thickest at the Pajarito Plateau, where LANL  

is located (see text box below). The Tesuque formation is overlaid with riverine, volcanic, and pumice-

 

9 A mountain block includes all the mass composing the mountains, including vegetation, soil, bedrock (exposed and 
unexposed), and water (Wilson and Guan 2013). 
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rich units at the plateau. This interlayering of units with varying hydrogeologic characteristics results in 

the stratification of groundwater resources. The unsaturated (vadose) zone in the Pajarito Plateau can be 

up to 350 m thick compared to the rest of the basin, which ranges from 0 to 60 m (see Figure 4 of Broxton 

and Vaniman 2005). Within the vadose zone of the plateau and the greater Española Basin, groundwater 

has two modes of occurrence: (a) shallow (alluvial) groundwater (0.3 - 30 m), and (b) intermediate-depth 

groundwater (40 - 137 m). In the saturated zone, the regional groundwater can be found at 250 m depth 

(Robinson et al. 2005).  

Groundwater residence time varies between aquifers and 

depends on the effective porosity of a given unit, which is 

a key determinant of groundwater flow. Groundwater 

dating techniques confirm that the deeper regional aquifer 

in the Española Basin is dominated by groundwater 

recharge that occurred thousands of years ago.10 

 

 

10 Dating techniques include evaluation of tritium and carbon-14 concentrations in groundwater. Tritium generated 
from cosmic rays in the atmosphere and tritium released during nuclear testing gives precipitation an elevated 
tritium concentration (19 picocuries per liter [pCi/L] or 6 tritium units) (Longmire et al. 2007; Manning 2009). Since 
tritium has a half-life of approximately 12 years, elevated tritium can suggest the presence of water with a mean age 
of less than 50 years. In regional aquifer wells analyzed by Manning (2009), tritium concentrations were at or below 
the limit of detection (0.05 tritium units) suggesting almost complete tritium decay. Additionally, carbon-14 analysis 
yielded mean groundwater ages of more than 5,000 years, confirming that the regional aquifer is dominated by very 
old water. 

Tesuque Formation  

The Santa Fe Group contains 

the regional aquifer and 

includes the following units, in 

ascending order: the Tesuque 

Formation; olde r fanglomerate 

deposits of the Jemez volcanic 

field; the Totavi Lentil and 

older river gravels; pumice -rich 

volcaniclastic rocks; and the 

Puye Formation. On the 

Pajarito Plateau, these deposits 

interfinger with or are overlain 

by volcanic rocks from the 

nearby volcanic fields (e.g., 

Jemez and Cerros del Rio). 
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EXHIBIT 3-1 LOCATION OF THE ESPA¤OLA BASIN (FIGURE 1 FROM MANNING 2009)  
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EXHIBIT 3-2 GENERALIZED GEOLOGIC MAP OF THE ESPA¤OLA BASIN AREA (FIGURE 2 OF 

MANNING 2009, FROM MANLEY 1979) 
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Groundwater Recharge in the Espa¶ola Basin 

Groundwater in the perimeter of the Española Basin generally flows from the mountains toward the Rio 

Grande, which bisects the Basin (Manning 2009) (Exhibit 3-3). Recharge occurs through mountain-front 

recharge, which has two components: mountain-block recharge (MBR) and stream loss recharge 

(Manning 2009). MBR occurs when water infiltrates in the mountain block, flows to lower elevations in 

the mountain-block groundwater system, and then enters the basin-fill aquifer in the subsurface. Stream 

loss recharge occurs when water exits the mountain block area as surface water and infiltrates near the 

mountain front through stream beds and arroyos cutting into the basin fill. Stream loss recharge can also 

occur farther from the mountain front. These two categories of stream loss (near the mountain front and 

far from the mountain front) can collectively be referred to as basin-fill recharge (BFR).  

The proportion of groundwater recharge occurring through BFR versus MBR can influence the 

geochemistry of groundwater due to differences in flow paths. For example, BFR is generally more 

susceptible to anthropogenic impacts as compared to MBR, since the former is dependent on surface 

water infiltration. Understanding the relative contributions of these components in groundwater can also 

impact management of groundwater resources in the basin, especially decisions regarding sustainable 

extraction rates (Vesselinov and Keating 2002; Manning 2009). For example, MBR is usually a large 

component of regional groundwater in part because mountainous areas receive more precipitation than 

basin areas. Therefore, understanding changes in precipitation could inform recharge assumptions and 

influence management decisions.  

Hydrochemical Zones of the Espa¶ola Basin 

Based on the chemical and isotopic composition of the groundwater in the Española Basin, Manning 

(2009) divided the basin into four hydrochemical zones: West, Southeast, Northeast, and Central Deep 

(Exhibit 3-4). The Pajarito Plateau, and LANL, resides in the West zone. Differences in the chemical and 

isotopic composition of the groundwater in each zone most likely reflect differences in aquifer materials 

and associated water-rock interactions (Manning 2009). The boundaries also generally correspond with 

contacts between geologic units or lithosome transitions within the Tesuque Formation (see text box 

below). However, lateral boundaries between these zones are approximate, given the limited data 

coverage, and may be broad or gradational (Manning 2009). 

In general, groundwater in the West zone appears to have the least water-rock interaction, as it exhibits 

low major ion concentrations. Southeast zone waters have intermediate concentrations of major ions, but 

have locally high chloride and nitrate levels that are probably due to mixing with septic effluent in Santa 

Lithosome  
A lithosome  is a rock mass of essentially  

uniform or uniformly heterogeneous  

lithologic character (i.e., physical characteristics),  

having intertonguing relationships  (see illustration)   

in all directions with adjacent masses of  

different lithologic character.  
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Fe (Manning 2009; Linhoff et al. 2016).11 Northeast zone waters also have intermediate ion 

concentrations, but high chloride and sulfate concentrations suggest the influence of upward leaking 

brines (Manning 2009; Keating et al. 2010). Mixing with brines is consistent with the presence of a brine-

discharging well, Roberts Geyser, in the Northeast zone (Manning 2009). The chemical and isotopic 

composition of groundwater in the Central Deep zone suggests the most water-rock interaction among the 

four zones. 

EXHIBIT 3-3 REGIONAL GROUNDWATER FLOW (MODIFIED FROM MANNING 2009)  

  

 

11 ñIntermediateò values are defined by the range of concentrations available in the data from this basin, as presented 
in Manning (2009). We refer readers to Manning (2009) for more specific concentrations of these and other 
compounds. 
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EXHIBIT 3-4 HYDROCHEMICAL ZONES (ADAPTED FROM FIGURE 38 OF MANNING 2009) 


