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1.0 INTRODUCTION 

Los Alamos National Laboratory (the LFlborntory) is loce.ted approximately 35 mi northwest of Santa Fe, 
New Mexico, on the Pajarito Ple1teau. the expanse of deeply dissected Bandelier Tuff lying between the 
Jemez Mounta1ns on the west and the Rio Grande on the east (see Figure 1.0-1 ). The preliminary 
hydrogeologic atlas for the Laboratory area comprises an unbound set of 25 maps and this report 
documenting the decisions made in their design and construction. More specifically, this documentation 
describes the intended purpose and scope of the atlas. describes the data used in its preparation. gives 
the specifications for the various maps included in the preliminary vErsion. and discusses its availability. 

1.1 Purpose of the A11as 

"Hydro~eology" has been defined as "the science that appl1es geologic methods to the understanding of 
hydrologic phenomena·· (May 1976, 63988) Hydrogeologic studies are critical to the environmental 
restoration (ER) efforts at the Lai.Jor8tory; therefore, hydrologists, modelers. and environmental scientists 
nt th8 Laboratory need vanous kinds of geologic information for their work. Maps showing the subsurface 
geology are f~specially useful in predicting drilling conditions. describing hydrostratigraphic units, 
formulating conceptual tlydro\..)eologlc models, and ciiscretizing numericar models. 

At lenst three types of subsurface maps are needed to minimally characterize the geologic setting ot an 
Clrea: one each showing structure (elevation) at the top, depth to the top. and thickness of major units 
IStonf' 1999. b2990) Arlditionally. rnRp8 show1ng water levels and the neology at the regional piezometric 

scJr'<:,cc help :t-.t:: user ccw,cop:uo:lzE tne ~;yd1ologic system and id<n:ify riote: gops. Bo1l1 ~..,oiO[;ic and 
hyclrolog1c rr.aps SUJJPOrt groundwater-modeling eHorts. 

The purpose of the hydro~eologic atlas IS twofold. First, the amount of previous geologic work done at the 
Lallori-ltOry is considerable. but the results are sci-lttered in numerous reports. A preliminary three
dimensional (3-0) sitewide geologic model lor the Laboratory area was constructed in 1996 (Vaniman 
et al. 1996. 63991) to ev2.luate and integrate the ave.ilable data, as well as support visualization and 
modeling activities. Although the 3-0 model is available in electronic form and thus is compatible with 
modeling needs, it is d:fficultto provide hard-copy 3-D visualizntions: therefore, traditional two
dimer,slonAI (2-0) paper mHps are needed. Second. many ER ac1ivities at the Ltiboratory require the 
formulcdion of D sound conceptual l1ydrogeologic model. The hydrogeologic atlas was developed to serve 
;-,s the basis for a single. cons1sient conceptual hydrogeologic mode! for the Pajarito Plateau. 

1.2 Scope of the Atlas 

The prel1mir.ary atlas includes a topographic map of the Laboratory orca: a thickness map for the 
Tshircge Member of the Bandelier Tuff; a series of three maps (structure, depth, and thickness) for each 
of seven underlying geologic units (see Figure 1.2-1 ); a regional piezometric surface map; and a geologic 
map drown <'lt the regional p1ezometric surface. (There is only one map for the Tshirege Member of the 
Banclelier Tuff because that stratigraphic unit lies at or very near the surface; therefore, structure would 
be the saJlle ns topography and depth would be essentially zero.) 
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Preparation of such an atlas requires that limits be set on space, time, and detail. In terms of limiting 

space. there must be geographic boundaries. Because the subsurface geologic maps are based on data 

in the 3-D gEologic model. the model boundaries become the atlas boundaries. The atlas is thus limited to 

the Laboratory and its ir~1rnedi8te vicinity. In terms of limiting time, only data already in the Laboratory's 

3-D gcolog1c model (1998 version) were used_ Thus. geologic and regional water-level data for 

chamcteriwtion wells R-9 and R-12 are included. but data for R-15 and R-25 are not (except water level 

for R-25). Hov:evcr, like the geolog1c model. the atlas is in electronic form, and the maps will be updated 

annually as new data ~varrant and become available. In terms of limiting detail, !he initial atlas includes 

mc-:ps for only the basic geologic units (see Figure 12-1 )_That is. the formal members of the Bandelier 
Tuff are included, but not the various subunits within those members as recognrzed at the Laboratory. 

Plans to cxpan(i the Jtlos to incorporate such addit1onal informallon nre discussed in Section 5.0, Further 

Work. 

2-0 GEOLOGIC DATA USED 

lli1odeling s!ratigrnphic Lnits nt the Laboratory is difficult becnuse the geologic framework of the Pajarito 

Pl.Jtcau is complex. A f}iwm stratigraphic unit may contain other stratigraphic units or subunits. For 

example. the Puye Formation includes the Totavi Lentil and intenongues with both the Tschicoma 

Format1on and Cerros del Rio basalt. 

Stratigrc.phic units covered by this preliminary atlas include the Tshirege Member of the Bandelier Tuff: 

the Cerro Toledo mterv<1l: the nsh flow unit in the Otowi Member of the Bandelier Tuff; the Guaje Pum1ce 

Br-;d in 11-IC Otc'.'.i r.okni! •f-:r I liP Ct-orros del Rio t-J.:-,sLJit: th€ Puye ro~m;-::ion (including tho Tschicoma 

Furrm-1tion and Ccrros del Rio 1.Jc.s<1lt); the upper basalt of the Santa Fe Group; and the Sun!a Fe Group 
proper (see Figure 1.2-1 ). 

2_1 Source 

A consiucrable arnount of geologic information for the Laboratory area has been collected over the years 
from outcmps as well ;,s from vmious observntion, test, and water-supply boreholes. Geologic maps exist 

for different c.rc2.s c.t riif1Hent sc<:les. Purtymun (1995, ~5344) compiiP.cl most of the subsurface data from 

l.il:Jori'ltory boreholes an<1 wells. 

Labor<,tury S.Jeologists have reviewed and synthesized existing information into the 3-D sitewide geologic 

model (Vanimnn et nl. 1996, 63991 ). The model is the result of integrated analysis of field mapping and 

borehole logging over the pc.st 40 years. The 1998 version of the sitewide geologic model (Cole et al. 

1998, 63987) provides the information that is contoured on the subsuri8ce geologic maps in the 

prelim1nary atlas. That reference should be consulted for geologic datn nssociated with specific wells 

shown on the subsurface maps in the atlas_ 

The ~eologic model consists of stratigraphic surf<Jces (bases or lower contacts) of volcanic and 

sedimentary units und subunitS of regional extent as well as geologic surlaces (tops and bottoms) of 

local1zed volca11ic flows or sedimentary packC:lges of limited extent. The preliminary atlas portrays 8 of 

more than 20 mocfeleri surfaces. focusing on r:-~ajor stratigraphic units, especially those of potential 

hydrologic significance. 
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Preltminary Hydrogeologic Atlas 

2.2 Quality 

The sitcw;de model h8s evolved and improved over the past four years, reflecting the enlarged 
information base as well as improved data-analysis techniques. The current model exhibits the 
application of a mix of computer-modeling methods, with knowledge-based bias and intervention supplied 
by the geologic staff. where appropriate. Additional information about the 3-D geologic model is available 
in internal Labor2tory reports by Cole et al. (1997, 59974; 1998, 63987). 

The quality of the geologic data used in the atlas is dependent upon the available geologic control. For 
some areas. densely spaced, htgh-quality data allow for a very accurate rcnd1tion of geologic conditions. 
For other areas. data are sparse and of lower quCllity so that the model is more schematic. In addition to 
the wells sbown ss control points on the subsurface mClps, there are surface control points (outcrops) that 
are not shown in the <Jtlas. However, these are clearly used and available in the sitewide model. 

3.0 HYDROLOGIC DATA USED 

Various kinds of hydrologic observations have <1lso boon made at the Laboratory over the years. Some of 
these arc 1nclutled in the report by Purtymun (1995, 46344 ). Other observations were published in various 
reports lly the US Geological Survey. 

3.1 Source 

The only hyclrologic parameter presented in th1s initial version of the a:las is water level. Most of the data 
used c1rP. lr<:m :r,c Lo:Jorc;tory's Vv'<:IP.r 0Lulity a'ld Hych1louy G·ouC>·s (CSH-18's) watP.r-level network for 
1 ,9!:!6. T'JP source of other waler-lt-:vel data used is d1scusst!d in Sect1on 4 6, Map of the Regional 
PIE:LOmetric Surface. Efforts are unclcr way to construct a clatab<1se for hydrogeologic information from 
the Laboratory c:rea, and as otr.er types of d<1ta are compiled into the database. they will be incorporated 
111 upclates of atlns maps. 

3.2 Quality 

The 1996 v:ntcr-lovel data used \'.'ere collected using transducers in accordance with the ESH-18 
~t<:mc!arcJ ope:ra:1ng proct'c!ure. Pressure Transducer lnstall8lion. Removal and Maintenance (December 
1998). The mc3~urement intervals range trom yearly to hourly, depending on the well. The 1991 data 
(used for ~he LA series wells) were collected by means of a steel tape or electric sounder using standard 
methods. 

4.0 MAP SPECIFICA liONS 

Several des1gn decisions were made to facilitate the usefulness of the atlas: 

1. All the maps are presented on the same base, thus eliminating the need tor the user to adjust to 
d1fferent scnlcs or reference information for the different parameters. 

2. Each of the three types of subsur1ace geology maps is contoured in its own unique color so the 
user can readily identify t11e kind of map being viewed. That is, the contours on all the structure 
maps are purple, those on all the depth maps are green. those on all the thickness maps are red, 
ami those on the water-level map are blue. 

3. Labels for the wells from which information was used on a particular map. as wefl as that 
informatiOn, are printed in the same color as the contours so they may be readily located. 

EA1999009r 5 September 1999 



_!'rclimmary HydrogeoiOfl_!~ IIIIas 

The Jagged or angular nature of the contours in places is an art1fact of the technique used to develop the 

geologic surinces in the sitewide geologic model. Some surfaces are represented by triangular irregular 

networks (TINs) rather than by interpolated surfaces generated through techniques such as kriging or 

inverse-distance weighting. The TIN model provides a faceted (multi-planar) surface. Contours of such 
surfaces are composed of straight-l1ne segments, each representing the crossing of an inclined triangular 

surince (i.e. linear interpolation of the triangular vertices). The TIN model is useful if there are 
discontinuities in the surface, such as faults or paleocanyons, because internal breaklines for the surface 
can be specified. 

4.1 Base Map 

The design of the base map involved considerations of convenient map size and inclusion of sufficient 
familiar features to ensure that users can readily orient themselves. A convenient map size was assumed 

to be one that would fit on an ordinary desk yet be large enough to present available data and be easily 
read. The scale selected, 1 :36,000, provides for such a map size. To permit eDsy onentation, major roads, 
townsitcs (residential streets). drainages (canyons). major faults, and the wells for which data exist in the 
3-D geologic model are shown. The state-plane-coordinate system is also provided for reference. 

Data from two l)asic sets of wells were used in constructing vanous maps in the atlas. One set includes 
tho wells frorn the 3-D geologic model used for the subsurface maps. The other set includes the wells for 
INhich there are regional water levels as used for maps of the piezometric surface and of the geology at 
tho piezometric surf nee. Both sets are also shown on the topographic map for reference. The legends of 
those maps show how the two types of wells are denoted. 

4.2 Topographic Map 

A topographic map of the Labomtory JS included for three reasons. First, it shows the familiar geomorphic 
lea lures and thus frlCi/itatcs orienting the user on the pl<::tcau. Second. it is the best way to determine 
·:.'!-,ether a given well of interest 1s on a mesa or 1n a canyon. Third, 1t complements all the other maps that 

strictly show characteristics of geologic units ly1ng some distance below the ground surface. Data that are 
used come trom the 1-ft digital elevation model, created by Greg Cole from the digital contour results of 
the ER aerial survey conducted in 1991 by Merrick and Company. The contour interval is 50 ft. 

Comp8ring a given subsurface rnnp v:ilh the topographic rn8p enables the user to locate outcrop areas. 
For example, it elevations on the structure map for a given geologic unit are the same as those on the 
topogrnphic map in the same 8rca, the unit is cropping out there. 

4.3 Structure Maps 

The structure maps show contours for the elevation of the top of the mnjor rock units, based on the best 

information available as of the date of the atlas. Data for the structure maps come from the elevations of 
geologic contacts 1n the 3-D geologic model. The contour interval is 100 It for all of the structure maps. 

Most of the maps show a general easterly decline in elevation of the top of the subject unit. Th1s is 

0enorally a reflection of deposition on an east-sloping surface rather than tectonic dip. Structure contours 

are closely spaced in some areas because of faulting or paleotopography. Where this occurs in the 

western part of the map, it is a reflection of the Pajarito fault scarp. In the southeast, closely spaced 

structure contours represent the presence of a paleocanyon. 
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4.4 Depth Maps 

The depth maps show the contours for the distance below the ground surface to the top of the major rock 
units, based on the best information available as of the date of the atlas. Data for the depth maps come 

from subtracting the elevation of the top of the unit from the ground-surface elevation at the well site. The 
contour tnterval is 200ft for all depth maps. 

Because depth depends on topography (units are deeper beneath mesas and shallower beneath 
c<.myons). the contours mimic those on the topographic map. 

4_5 Thickness Maps 

The thickness maps show contours of the drilled thickness of major rock units, based on the best 
information available ns of the date of the atlas. Tectonic dip is presumed to be mintmal, and no attempt 

was made to correct for it Oat<~ for the thickness maps come from subtracting the elevation of the top of 
the undRrlying unit from the elevation of the top of the target unit. Thickness varies from unit to unit; 
therefore. the contour interval varies from map to map. 

Thickness st10wn is a result of original depositional thickness, minus any removal of the unit by post
depositionnl erosion. Thus. mens of greater thickness are places where either more matenal was 
originally deposited or less material was removed by erosion before deposition of the overlying unit. 

As would be expected, wells do not fully penetrate the deepest geologic unit covered by the atlas (the 
Santa Fe Group). <md contouring thickness is inappropriClte. Nonetheless. the partial thicknesses 
cbo:f:::f"-'E:!d <:IE-: mir-.tm.Jn' volucs end provido usc·ful tniorrne:t1on. Thus, Vcl:ucs ore gtvcn lor tt-:is un1t on Map 
23 but they are not contoured. 

4.6 Map of the Regional Piezometric Surface 

The water-level map shows contours lor the approximate elevation of the top of the regional saturated 

zone (the piezometric surface). Such water levels were determined in wells tapping the deep regional 
aquifer in the Laboratory area, based on the best information available as of the date of the atlas. The 

map is essentially a modification ol as-yet-unpublished mapping by W.O. Purtymun and S.G. Mclin in 

1998 for Los Alamos County water-resource purposes. The main modifications include the extension of 
their contours to the Guaje Canyon wells: the use of 1991 data lor the LA series wells to permit 

contouring in thnt mea; the use of river elevc::tions to control contouring there; and the addition of the R-9, 
R-12 and R-25 (1998) data. 

Data tram the White Rock Canyon springs were not used in the water-Jeve! mapping because the springs 
are elevated above the Rio Grande and are believed to yield water that has become perched above the 
regional zone of saturation. This may be due to some upgradient splitttng of the regional groundwater flow 

around the Cerros del Rio basalt resulting in discharge at both spring and river positions (Stone 1996, 
63989). 

!deally, a regional water-table map depicts the elevation of the top of the unconfined saturated zone, and 

a potentiometric surface map depicts the elevntion to which water will rise in wells tapping a confined 

zone of saturation. Where the saturated zone is unconfined in one part of the area and confined in 

another, the more general terms 'Water-level" or "piezometric surface" are applied. In practice, however, 
water levels measured in wells do not precisely represent either the top of the saturated zone or the 
potentiometric surface but vary from them because of well depth and screen length. 
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Water level varies with well depth because of vertical hydraulic gradient Groundwater moves from 
positions characterized by high hydraulic head to those of low hydraulic head. In groundwater-recharge 
areas, where the vertical gradient is downward, values of isopotentials (contours of equal hydraulic head) 
intersected by the well decrease with depth. Thus, the deeper the well, the deeper the water leveL The 
reverse is true in groundwater-discharge areas, where vertical gradient is upward. In that case, the value 
of isopotentials penetrated by the well increase with depth: the deeper the well, the shallower the water 
level. Only in areas characterized by neither recharge nor discharge (i.e .. isopotentials are vertical and 
thus parallel to the wells) is the same water level obtained regardless of well depth. 

Water level vanes with screen length because the screen length determines how many isopotentials the 
well is open to. The best water-level data are obtained in tubes open only at the bottom (piezometers) 
because they interrogate head at only a single poin1. In contrast. the water level obtained from any well 
with a screen is a composite of all the heads in the interval the well is open to. Although water-level data 
from wells wittJ short screens are better than tt1ose from wells with long screens, they are still composites. 
The wells used for the piezomctuc surlace map <Jre those tapping the deep aquifer. Most such wells are 
part of the water-supply system and have very long screens to optimize production. Thus, water levels 
obtnined in them are composite values. 

As groundwater moves generally perpendicular to water-table or potentiometric contours. water-level 
maps are commonly used to evaluate flow direction_ However, in view of the inadequacies discussed 
above. it should be obvious that such maps are only approximations. Therefore, decisions or calculations 
based on water-level maps can be misleading, and they should be used with caution. Nonetheless, the 
water-level map presented gives a general picture of the piezometric surface and of groundwater flow 
dirP.ction as conceptu?.li7f~d for the Laboratory area. Interestingly. it differs little from the often-cited map 
cumpil8d by Purtymun \ H•84. 6S13), cxceptrttcH the Rro Gre:noe. !Jf!C<:use he used the White Rock 
Canyon springs to control placement of contours on the east edge of the map. 

4.7 Map of the Geology at the Piezometric Surface 

The map oi the geology at the piezometric surface shows what stratigraphic unit is present at the top of 
the regional saturated zone or potentiometric surface at various places across the area, based on the 
best informc.tion available as of the date of the atlas. It was constructed by progressively intersecting 
surfaces for the top and haltom of e8ch geologic unit covered in this preliminary atlas with the regional 
p1ezometric surface. I he st<JnflArd colors assigned to geologic units in the 3-D model are used on this 
map for consistency. 

When the water table or potentiometric surface has a different slope than that of the associated geologic 
units, different units lie within the saturated zone at dtfferent places. As the slope of the water table 
beneath the PaJarito Plateau is steeper than the dip of most geologic units, saturated units are 
geologically older (deeper) in a downgradient direction. Knowing what material is saturated in an area 
facilitates the assignment oi hydraulic properties to cells during groundwater modeling. 

5.0 FURTHER WORK 

The development of this atlas is scheduled to proceed in three phases: 

construction of a preliminary version (documented here), 

2. expansion of that version in FY 2000, and 

3. annual updates thereafter. 
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Preliminary Hydrogeologic Atlas 
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Although the preliminary version has been described in previous sections of this documentation, a brief 
summary of the planned expansion and updates may also be of interest to atlas users. 

The expansion will consist of the addition ot things that could not readily be incorporated in this 
preliminary atlas. in view of data, time. or funding constraints. For example, the subsurface maps will be 

redrawn using the 1999 site\':ide geologic model. Furthermore, subsurface maps were constructed only 

for the major geologic units. as they are the ones most frequently used in hydrogeologic work at the 

Laboratory. However. data also exist in the 3-D geologic model for many of the smaller subdivisions of 
these units. For completeness. structure, depth, and thickness maps should be constructed for them as 
well. A surface geologic map of n1e entire Laboratory area would be useful, but its construction 
necessanly awaits release of recent mapping ot the Puye Quadrangle. Cross sections in selected areas 

would provide another perspective on the subsurface geology. Also, it would be useful to show the 
existmg hydraulic property data, but this was deferred until these data have been compiled. Such 
comp1latron w111 be necessary for their rnrut to the hydrogeologic database, and mapping should be easier 
once that hAs occurred. Addition of a stippled pattern to the piezometric surface map to indicate areas of 
known perched ground\\'ater v:ould also be useful. Such data are currently being compiled. Finally, the 
expansion will include the tasks necessary to make the atlas available on-line. 

The 3-D geologic model and the atlas will be updated annually as necessary to tncorporate data from new 
wells, especially those mstalled under the Hydrogeologic Workplan (LANL 1998, 59599). For example, if 

the new data change the 3-D geologic model, the subsurface maps must be modified. Similarly, the 
water-level map should be revised as new data points are added. Whenever the atlas is updated, the 
documentation will be revised as well. Only this version will carry the qualifier "Preliminary.fl Subsequent 
vcr~-ronc; ccH' l1<' 1dent•ficd by the dr;IE;s on the mops and revised documentation. 

Obviously any lniiJrovcments in the sitewide geologic model also improve the atlas. For the 1999 geologic 
model, the TIN surfnccs me bc1ng reanalyzed in order to present more-realistic and visually appealing 
maps 

6.0 AVAILABILITY OF THE ATLAS 

Hard copic~ of the preliminary atlas are berng distributed only to those persons most actively involved in 
hycirogeologic work al the Labomtory (drill1ng wells, interprt:ting hydrologic data, modeling groundwater 
systems. overseeing environmental actiVJ1res. etc.). Additronal copies are available through the 
LaborZttory"s Facility for Information Management, Annlysis, and Display (FJMAD). 

To eliminote tho need for Fllv1AD to plot large numbers of copies of the maps. the authors expect to 
eventually prov1de updated versions of the atlas through a web site. Use of a web site will allow for the 

presenl21lion of additional data about the sitewide model, including the data set, visual presentations of 
the degree of fit for the data and model, geologic cross sections, and other information of interest. 

The maps included in this preliminary atlas are listed below by map number, abbreviated tiHe, and FIMAD 
plot identification number: 

1. Topography (G107954} 

2. Thickness of the Tshircge Member (G1 07955) 

3 Structure on top of the Cerro Toledo interval (G1 07956) 

4. Depth to top of the Cerro Toledo interval (G107957) 

ER19990091 9 September 1999 
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5. Thickness of the Cerro Toledo interval (G107958) 

G. Structure on top of the ash flow unit, Otowi Member (G107959) 

7. Depth to top of the ash flow unit, Otowi Member (G1 07960) 

8. Thickness of the ash flow unit, Otowi Member (G107961) 

9. Structure on top of the Guaje Pumice Bed, Otowi Member (G107962) 

10. Depth to top of the Guaje Pumice Bed, Otowi Member (G107963) 

11. Thickness of the Guaje Pumice Bed, Otowi Member (G107964) 

12. Structure on top of the Cerros del Rio basalt (G 1 07965) 

13. Depth to top of the Cerros del Rio basalt (G107966) 

14. Thickness of the Cerros del Rio basalt (G 1 07967) 

15. Structure on top of the Puye Formation (G 1 07968) 

16. Depth to top of the Puye Formation (G107969) 

17. Thickness of the Puye Formation (G 1 07970) 

18. St•uc:ture on tor of the upper bc;salt. Santa Fe Group (G107971) 

19. Depth to top of the upper basalt, Santa Fe Group (Gt 07972) 

20. Thickness of the upper basalt, Santa Fe Group (G1 07973) 

21. Structure on top of the Santa Fe Group (G107974) 

22. Depth to top of the Santa Fe Group (G1 07975) 

23. Pc:rtial thickness of the Santa Fe Group (G 1 07976} 

24. Regional Prezometric Surface (G 1 07977) 

25. Geology at the Piezometric Surface (G 1 07978) 

7.0 DISCUSSION 

The paucity r~nd scattered distribution of data are limiting factors in the preparation of both the 3-D 
geologic model and any 2-D maps derived from it. Thus, it should be recognized that the maps presented 
in the atras are necessarily schematic. As the litre of this document clearly states, this alias is preliminary. 
However. the maps it contains prov1de an excellent opportunity to review the sitewide geologic model for 
the ultimate benefit of both 3-0 and 2-D presentations. 
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