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CHAPTHRI NTRODUCTI ON

1. REPORT BACKGROUND
The Los Alamos National Laboratory (LANL) Natural Resource Trustees (herein referred to as the
ATrust ees o) NatumlResauncedamagedissegssmemt (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

repurces and resource services lost due to such releases. The Trustees finalized a Damage Assessment
Plan (DAP) inFebruary2014 (ANLNRTC2014) . The DAP presents the Tru
assessment work necessary to complete the NRDA. Spegificaéscribes activities to identify and

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

cost of, and implememompensatoryestorationSeverakctivities outlined in the DAP relate te

assssment ofyroundwater. Parts of these activities have been combined ingc@roundwater Data,

Baseline, and Servicessessment activitpeing completednder U.S. Department of Energy (DOE)

Contract DEEM0003939, Task Order BBT0011312, dated Septéer 2016 As part of this assessment

activity, Industrial Economics, Incorporated (IEc) prepared a work plan (IEc 2017). This report presents
findings related to the secomabrk planobjective which isto fiCharacterize the hydrological and

chemical condibns of the groundwater in and around LANL under basdline.

1.1 GDALS AND OBJECTIVES OF THE ASSESSMENT ACTI VI TY
As described in the work plan, tbgerarchinggoal of tre groundwategctivity is to compile and
summarize available information on currentigast groundwater conditions, baseline services, and
potential impacts to groundwater servitesupport théNRDA, including injury and damages
determinatior(IEc 2017) This report focusesn Task Adefine baseline conditions for groundwatany
congitutes deliverable 3 of the work pléreport summarizing available data on the baseline condition of
groundwater resourcedhat is, it describethe hydrological and chemical conditions of the groundwater
in and around LANL under baselinEhe services provided by groundwater under baséliee Task 3,
deliverable 4will be addressed under separate comehird, separateleliverable will focus on Task 1

of the work plarandwill be asummary ofexisting information on current and pgsbundwater

conditions in and around LANLfocusing orthe characterization gflumes ofreleasedazardous
substanceflEc 2017)

The geographic scope of this assessment activity consists of areas within LANL propéehignacidity,
includingwhere LANL-r el at ed hazardous subst annaedsarolndve come t

1InExhibit61l of t he DAP, one assessmenitQuaacnttiivfiitcyatiisonano fiiinnjt
groundwater, volumé@nabhbdeti mesédbmmp siteoaars tporviiotry tiysd a iftde
ADeterminat. n of baseline services provided by ground
substance cehnhaml pateeamIparnperi t yo aelEPeseeminactonmi agdi
monetization of dUAMLNRTCR@ld)er damageso

0
n
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LANLO 3per section 101(9) of the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) and as described in the DAPANL NRTC 2014)3

1.1.2 BASEMATNERAIN RESOURCE DAMAGE ASSESSMENTS
The Department ahe Interior (DOI) regulations pertaining to NRDAQOI NRDA Regulations; 4&ode

of Federal Regulation€[F.R] Part 11) discuss the concept of baseline in aburaf instances and

contextsIn particular, establishing the baseline condition of the resouraekisy component of thiajury
guantificationstep The baseline condit i thadordiion orfconditionsth& our c e
would have existed at the assessment area had thedjscbf oil or release of the hazardous substance

under investigation not occurréd (C4R.11.14(e)) Further restoration or rehabilitation of injured

resour ces actonsdreértakeretaretwrnsan ifijured resource to its baseline condition,

measured in terms of the injured resource's physical, chemical, or biological properties or the services it
previousl § (E€#FRE11d4I))ETherefore although baseline is commonly understood to

reflectt he conditions thaor wouhd haleasighoththearcirbei b a mi h ar
from which injury is measured, in a relative sepand ultimately the target for measuremenhef

success ohny restorationimplicit in its definition baselinecan alsachange wer time.

In order to define thbaselingohysical, chemical, or biologicatgperties of groundwateas well as
baseline serviceshe DOI NRDAregulatonsprovide guidance: thegnvisionusing either1)

information on the mrrelease conditions of the resource (e.g., groundwater quality data from years pri
to releases fromwANL operations)(43 C.F.R.8 11.72(c))or (2)information fom control (sometimes
referred to as background) aréd8 C.F.R.8 11.72(d). Natural resorce rusteestherefore can consider
information on resource conditionsllectedprior 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 rbettivagvere

not affected by the redse.

The DOI NRDAregulationsalsoprovide resourcspecific assessment guidance related to baseline
determinationgee43 C.F.R.§ 11.72h)). While such guidance can be specific, the DOl NRDA
regulations allow foflexibility. For instance, the Trustees may focus onetghsf releases, injuries,
andor servicedue to limitations on time and resources.

Ant hropogenic versus Natur al Sources of Contamination under |
The DOI NRDAregulations statéBaseline data should reflect conditions that would have been expected
at the assessment area had the discharge of oil or release of hazardous substances not @téngred,

The specific geographi imandareunddANbi evs | ¢ o Huemgsi @ d m chiemdg t o 7
implementation of this assessment activity as the geographic dimensions of contaminated groundwater plumes
resultingfrom releases from LANL operatis (see Geographic Scopesection of the LANL Damage Assessment

Plan, LANLNRTC 2014)

SAsdescrie d i n the LANL Damage Assessment Plan (LANL NRTC
Agreement provides a framework for coordination among the parties in accordance with the authority established
under CERCLA (42 United States Code [U.S.C.] 88 9601 to 9@7&)Clean Water Act (33 U.S.C. 1251688

seq), and the Oil Pollution Act (33 U.S.C. 2701).

“41n the case of groundwater, the need to define the biological condition isusarally only reserved for

circumstances where biota live in underground céilled 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 ofrg spras 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 humareadtivitft e mp hasi s add e
43C.F.R.8 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 DOl NRDA
regulations highlight the need to distingh 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 releaserdbashauiastance

can affect the chemical and physical conditions of groundwater, whidh tam affect the types of
acceptable uses or values the public holds for a given grouerdrgaburceSuch factors can include, for
example, the natural mineratsthe rock within which the groundwater resides (including naturally
occurring radionuclidem ore depositspr weather and other environmental conditions (including rainfall
and infiltration).Additionally, contamination from nehANL activities (i.e., fom other entities) may

exist given the long history of weapons testing and research activities in the region and ¢gdaipally
americium241, cesiurril37, strontiurm0). However, it may be reasonable to assumerttaatmade
radionuclides andnthropogend organic compoundsuch as trichloroethene, high explosfiAi)

compounds, polychlorinated biphenyls (PCBs), and other volatile anevséatile compoundswvould

not have existed at measurable levels in groundwater near LANL absent releadesMilooperations.

In addition to natural processes, anthropogenic factors should be considered when determining baseline
conditions. Emphasis on the use of historical ofrptease data is not meant to imply that baseline should
reflect the condition ofasources in a preéevelopment state. Rather, results of human activities that

induce either adverse or beneficial changes to the environment should be reflected in the baseline
determinationOver pumping, for example, can cause subsidence and compdcaiomquifer, which

would affect the provision of drinking water.

Ot her Baseline Considerations

According to he DOl NRDAregulations, changes that are the result of remedial actions are not

considered to be part of baseline. The regulations state tbatrecr a b | e d acalautptecsbasech n b e |
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 anticipatedC41R.8 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 monhsidered part of baseline. Sinmija the benefits of

remediation should not be consideeedomponent dbaseline bushould be accounted for in the injury

guantification step.

The DOI NRDAregulations clearly indicate that casieouldbe exercised wheselecting and using data

from control locations (see 43.F.R.8 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-edfeats area

but that it las not itself been affected by the hazardous substance release. The regulations note also that
fiData collected at the control area should be compared to values reported in the scientific or
management literature for similar resources to demonstrate teaddka represent a normal range of
condition® (C#R.§ 11.72(d)(6)).

5 Due to the existence of sigpecific background data (LANL 2016a), we do not believe there are other (jayes
values reported in the literaturdatwould be moe applicable to this area.
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TECHNI CAL ANP RBOIAKHI NGS

As described in the work pldiEc 2017) the approach to thmomponenbf the assessment activity
includes the following steps:

1

1

Identify groindwater 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 resarce managers.

Develop a report summarizing findings.

Each of these steps and the information we relied ap@escribed imore detail in the subsequent
chapterf this report.

1

|l

Chapter 2 describes the approaches available for establishing baseline and the information
sources that were relied upon for this report.

Chapter 3 summarizes and interpratentrol areanggionaland sitespecific)andprereleaselata
and information in the adext of understanding baselirihis chapteincludesadue diligence
analysis anédiscussion of broadcale uncertaintie®lated to groundwater baseline

Finally, Chapter 4 provides our conclusions and recommendations.

Through this approach, we hawahdthe following

1. The background contaminant concentrations presented itAtde Groundwater Background

Investigation Report, Revision(6BIR) (LANL 2016a)appear tde sufficient for purposes of
NRDA. However, in some casgalues were not defined the GBIR somecontaminants did

not meet t he GBdeRd aitertol (e.g.,americ@uldtl, chramium in
intermediatedepthgroundwater) or were not evaluated in the GBilce they are not naturally
occurring(e.g., explosive compound#vailable information indicates théte hydrogeology of
LANL is comparable to that of the surrounding areas that may be impacted by LANL discharge
west of the Rio Grandd herefore, the baselim®ncentrations from the GBIR cae appliedto
areain andaroundLANL with similar hydrogeology

In the case of chromium in intermediate groundwater, we recommend not affirmatively
identifying abaseline concentraticat this time, since a recommendation may come about as a
result of the ongoingvork to characterie groundwatercontaminatiordata(being conducted
separatelysee Section 1.1)1

In the case of mamade contaminants (e.g., explosive compousalsents andmarrmade
radionuclidey we recommend assuming that they would not be present indyvater under
baseline conditions (i.e., their concentrations would be zero, absent releases from LANL).

Other compounds for which background values are not presertteel GBIR however, such as
tritium and uraniur235, could be present ithe Espafiola Ban due to the erosion and decay of
natural deposits as well as frartherreleasesWe include recommendations for compounds
such as these Chapter 4.
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Overall, our findings suggest that groundwater in and around LAbdILd have chemical constituents at
levels considered safer drinkingunder baseline conditiomnddoes not have undesirable
characteristicg¢e.g., hardnessplthough, some locationis the Espafiola Bassuggest influence from
anthropogenic activities (e.g., elevatddorideandnitrate) and geogenic metals (e.grsenicand

uraniunj, these effectappear to béocalizedin areas distant from LANBnddo not impacthe baseline
condition of groundwater in and aroubANL. There is no evidence to suggest that the range of services
provided by groundwatemder baseline conditions would lraited in any way’

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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CHAPTERRAPPROACH AND | NFORMATI ON SOURCES

2. APPROACHES TO ESTABLI SHI NG BASELI NE AT LANL
As noted in Chapter, There are twaonventionabpproacheto establishing the baseline condition of a
natural resource for NRDA purposes: utilizing (1)-pekease data, or (2)formation from control areas.
Below, we discuss the potential to use sfeecific information to inform baseline at LANL according to
these two approaches.

1. Pre-release data

Data related to the physical and chemical conditisigroundwater resoursat LANL prior to

the start of operations could be useda basis for establishing baselifiis couldinclude
concentrations of anthropagje and/or naturally occurring substances present in the groundwater
prior to anyhazardous substance releasef$LANL, groundwater investjations began as early

as 1949, and the United States Geological Survey (USGS) completed a technical repdrt in 196
on the geology and groundwater resources of the Los Alamos area (Griggs and Hem 1964).
However the underlyinglata from that time period are limitethe earliest available

groundwater databtained wa$rom the LANL Environmental Information Manageme(iiM)

Intellus New Mexico database (hereafter, Intellee back to the 1960$.s possible that some
prerelease data could be available for certain substances in certain locations, particularly if the
original release datese known. For exampleath may beavailable 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 prelease data, data collected froomtrol 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 bgleases frothANL operations may be usédVhen

utilizing regional information to edbéish 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 thelsitel. Regarding information from areas within the

vicinity, LANL has undertaken numerous studies with the goal of characterizing groundwater
conditions, including collecting data from sit
2016a). These datnd information sourcesmrealsodescribed in more detail in Cbier 3.

To the extent possiblepoevaluation of baseline alsmnsides factors other thathe presence of
hazardous substances that may have affected the condition of groundwater resources in and around LANL
(e.g.,population growth, climate change

”When relying on preelease or regional information, it may be important to account fortaey kegional changes
that may have occurred over time due to climate and other human influences.
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22 I NFORMATI ON SOURRGE@S RELI ED
For the purpose of identifying and incorporating information from relevant sourcédemigied

geologic reports from USGS, LANL, and New Mexico s(@eaffiliated)agencies (e.g., the New

Mexico Environment DepartmeIMED], the New Mexico Bureaufdseology & 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 Mexato and
LANL. This included meetings witRueblo deSan lldefonsstaffand their attorney5/9/17 and 6/14/17
respectively, representatives from the Los Alamos County Department of Public Ut{iiti#4/17) and

staff from the Utton Transboundary ResourCesiter(1/29/18)8

Groundwater in the Western United States is a preceamurce. A a result, @reat deal of effort is

expendedy a number of entitiesach yeam studying and mamgng this resource. In the Espddi Basin

specifically, majoreconomic 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 Febs groundwat er s uplarogCountySitewspdcific inforgnatiognr o u n d wa |
is typically more useful than regional information when attemptirestablish baseline f@narea.

However, we providanoverview ofthe availablgegional information, at the scale of the Hipa

Basin,to cortextualizethe data and information fgroundwater in and around LANL.

We relyprincipally upon the following key reports:
- Pre-release information:

0 Geology and GroundlVater Resources of the Los Alamos Armdaw Mexico,
Geological Survey WateBupply Paper 1753 (Griggsid Heml964)

- Control areainformation:
0 Regional:

A GroundwateMajor Elements, TracElements TemperatureNoble Gas, and
Carbon sotopeData from the Espafiola Basin, U.S. Geological SuBagntific
Investigations Report 2068200 (Manning 2009)

A The impact of C@on shallow groundwater chemistry: observations at a natural
analog site and implications for carbon sequestrdi@ating et al. 2010)

A Water quality and hydrogeochemistry of a basin and range watershed ina semi
arid region of northern New Mexictifhoff et al. 2016)

0 Site-specific:

A LANL Groundwater Background Investigation Report, Revisigh/&ANL
2016a).

8 The Utton Transboundary Resources Center at the University of New Mbgigd/(ttoncenter.unm.edu/
researche and provides information to the public about water, natural resparmkenvironmental issues, with a
particular focus on New Mexico and the Southwhsilso has expertise in water rights and adjudications.
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We also relyupon groundwater data from the Intellus datab&pecifically,we performedxa due
diligence analysisising data fronbbackground wellgdentified in theGBIR. This analysis is discussed in
greater detail in Chapter 3.
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CHAPTBRBASELI NE CONDI TI ON

In this chapter, we summarize the baseline conditiggrmindwatein and around LANL, as interpreted
from key documents and information sourd&® do not attempt to reproduce a comprehensive
discussion of the detailed geologepent at ANL but discusgyeologyto the extentelevant for
understanding theaselinecondtion of groundwater resoaes.We alsopoint readers to original
documents for further reading, as needad note that the Groundwater Characterization repeirtd
produced under the same work p&mthis repojtwill containa more detailed overvieof the geology in
and around LANL

3.1 REGIONAL | NFORMATI ON
As noted in Chapter 2, prelease information is preferred for establishing the baseline condition of a
natural resource. However, to provide context for the discussion of bagelinedwateconditions in

and around LANL, we first present our summary and evaluation of regional inforrfatithie Espafiola
Basin(within which LANL, Santa Fe, anBispafiolaeside) We alsodiscuss baselineonditionsof the
various stratified groundwater resouréegnd withinLANL & geologic landscapthe Pajarito Plateau.

3. 1. 1AcEGBLPA B ASI N

Hydrogeol ogy of t he Drainage Basin

The Espéola Basinis located within theentralportion of the Rio Grande rifta major continental rift
zone extending from Colorado to Mexico (Exhibil B The crustal extension process$esning the Rio
Grande riftbegan ~25 Md@mega annumr million years agp(late Oligocene) andontinue into the
presen{Manning 2009 and ferences therein)he Espéola Basin itself is boundedd the west by the
Jemez Mountains artd the east by the Sangre de Cristo Mountains. These two mountain biagkate
from differentgeologicprocesses ararethereforecomposed of different rodiypes(Exhibit 3-2).° The
Jemez Mountains are composed of Miocene to Quaternary age {23002Ma) intermediate to silicic
volcanic rocksThe Sangre de Cristo Mountains are primarily compossaibafficantly olderProterozoic
(2,500- 541 Ma)metasedimentary rocks, such as schist and quartzite, as well as plutonic rocks, such as
granites and gratic gneisses (Manning 200Hliocene to Pliceneage(23.03- 3.6 Ma) lasinHill
sediments occur between these two mountain ranges and belong to the Santa Fe fGnoaion that
spanamultiple basins along the Rio Grande rift.general, thehickness of théasin fill ranges from 0
meters(m) at the foot of the Sangre de Cristo Mountains to 2;)000m in the central and western
part of the basiWilkins 1986.

The regional aquifer in the Espafiola Basin lies predominantly in the SaGalig The Tesque
formationis a stratigraphic unit in the Santa Fe Graunglis thickestat thePajarito PlateguvhereLANL
is located (see text bdoelow). The Tesuque formation @erlaidwith riverine, volcanicand pumice

9 A mountain block includes all the massmaosing the mountains, including vegetation, soil, bedrock (exposed and
unexposed), and water (Wilson and Guan 2013).
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rich units at the plateal his interlagring ofunitswith varying hydrogeologic characteristics results in

the stratifcation of groundwater resources. The unsaturated (vadose) zone in the Pajarito Plateau can be
up to 350 m thick compared to the rest of the haglrich ranges fror to 60 m(see Figure 4 of Broxton

and Vaniman 2005Within the vadose zone of tipgateau and the greater Espafiola Bagiaundwater

has wo modes of occurrencéa) shallow (alluvial) groundwater (0-30 m),and(b) intermediatelepth
groundwater (40 137m). In the saturated zondye regional groundwatean be found 250 m depth
(Robinson et al. 2005).

Groundwater residence tinvariesbetweemquifersand
depend onthe effectiveporosityof a given unitwhichis
a key determinant afroundwater flowGroundwater

Tesuque Formation

dating echniquegonfirm that theleeperegional aquifer The Santa Fe Group contains
in the Espéola Basin is dominated by groundwater the regional aquifer and
recharge that occurred thousands of years‘ago. 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).

10 Dating techniques include evaluation of tritium and carbémroncentrations in groundwater. Tritium generated

from cosmic rays in thetmosphere 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 halfife of approximately 12 yeargjevated 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 compiitiient decay. Additionally, carbet4 analysis

yielded mean groundwater ages of more than 5,000 years, confirming that the regional aquifer is dominated by very
old water.

10
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Groundwater Recharge in the Espafola Basin

Groundwater in the perimeter of the Espafiola Bgsirerallyflows from the mountaintowardthe Rio

Grande which bisects the Bas{iManning 2009) Exhibit 3-3). Rechargeoccursthrough mountaiffront
recharge, which has two components: mounltdick recharge (MBR) and stream loss recharge

(Manning 2009)MBR occurs when water infiltrates in the mountain block, flows to lower elevations in
the mountairblock groundwater system, and then enters the Hékaquifer in the subsurfac&tream

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 ie tila Stream loss recharge can also
occurfarther 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 Halsiecharge (BFR).

The proportion of grundwater recharge occurring througfR versusMBR can influence the
geochemistry of groundwater due to differences in flowgpdtbr example, BFR is generally more
susceptible tanthropogenic impacts compared to MBRsince the formeis dependent osurface

water infiltration Understanding the relative contributgoof these components in groundwatan also
impactmanagement of groundwater resources in the basin, especially decisions regarding sustainable
extraction ratesesselinov and Keating 200Rtanning 2009)For example, MBR is usually a large
component ofegionalgroundwatein partbecause mountainouseas receive more precipitation than
basin areas. Therefore, understanding changes in precipitationirdouhd recharge assumptions and
influence management decisions.

Hydr ochemical Zonwd aofBatshen Es pa

Based on the chemical and isotopic compositf thegroundwater in the Esfiala Basin, Manning

(2009) divided the basin into four hydrochemical zones: West, Southeast, Northeast, and Central Deep
(Exhibit 3-4). The Pajarito Plateau, and LANL, ressde the West zone. ifferences in the chemicahd
isotopic composition of the groundwater in each zone most likely reflect differences in aquifer materials
and associated wateock interactions (Manning 2009). The boundaries also generally correspond with
contacts between geologic units or lithosdrma@sitions within the Tesugue 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 leastogkt@teraction, as it exhibits
low major ion concentrations. Southeast zone waters have intermediatatcatimes 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)Northeast zone waters also have intermediate ion
concentrations, but high aride and sulfate concentrations suggest the influence of upward leaking
brines (Manning 2009; Keating et al. 2010). Mixingh brines is consistent with the presence of a brine
discharging well, Roberts Geyser, in the Northeast zone (Manning 2009)hdinéal and isotopic
composition of groundwater in the Central Deep zone suggests the mostoghtiteraction among the

four zones.

EXHI Bi3T REEGI GGRAOWWNDWATER FLOW FROBRARNEDNG )2009

= Espaniola Basin

Water table (m)

e Wells Iz
4= Groundwater Flow
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15 30 MILES

Al ntermedi ateo values are def i ne datdfyom thislmsin as prgsented f c on
in Manning (2009). We refer readers to Manning (2009) for more specific concentrations of these and other
compounds.
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EXHI Bi4T BYDROCHEMI CALAAREBD (FRGMREORWANNI NG 20009)
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