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Abstract: 

A completely revised digital geologic (FY99) model has been developed for Los Alamos 

National Laboratory. This model extends all c:ontact surfaces to the site-wide model boundaries 

and where appropriate it resolves inconsistenc-ies among pre-Bandelier flow units, removes the 

Tb3 basalt unit from the model, and adds a hydrologically distinct transition unit, Qbt3t, to the 

model. The model incorporates all new drilling data available by the end of FY99 (30 

September 1999), previous mapping to the southwest of the Laboratory in the Dome Lookout 

area, new data from the Seismic Hazards Project. and new map data in the westem Los Alamos 

townsite area. Special efforts were made to carefully model (in 3D) the lower Tschicoma flow. 

which underlies the townsite and western edge of the Laboratory, and the hydrogeologically 

important Puye Formation and "Chaquehui" subunillfacies. Results of the more detailed 3-D 

analysis. which are based on sparse data, indicate that axial gravel facies of the Puye and Santa 

Fe Formations may create hydrologically conductive, north-south trending zones within the 

...... water table. 

Summary: 

A consistent process was used in the generauon of all ~ontact surfaces for the FY99 site-wide, 

hydrogeologic model. The process consisted of the following for each surface: 

1) Creation of a plot showing the location of ALL contact data points: color-coded to rctlect 

their misfit to the existing FY98 model and with different symbols to reflect the original 

data sources 

2) Hand-contouring of the data set by a professional geologist familiar with the tectonic 

history of the region; 

3) Digitizing of contours, generally at a scale of 1:24,000 but also at a scale of 1:12.000, with 

expected digitizing errors of < .02''. rellecting actual ground erTors of < 40' and < 20' 

respectively: 

4) Creation of gridded surfaces using the Topogrill module of Arc/Info with input data 

consisting of digiti1.ed contours. drill hole contact intersections, and other "exact" contact 

points located by Global Posit1oning Satellite systems: 
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5) Conflict resolullon to rcmo•c mcon~tstcn~o·Jcs. 1mpropcr intcTSC{.'tJons of !tUrf aces. or 

stratigraphic inconsistcn~:ics; ~omct"um:!'> r~cccssttatmg a rciUm to ~tcp 2 of the proccsl>. and 

6) Minor corrections/distonions to/ut the model to allow generauon of a conststcnt and 

coherent set of surfaces within the StrataModel software (normally accomplished at ttK 
same time as step 5. 

Stratigraphic units include flows of the Bandelier Tuff (and intercalated Cerro Toledo 

Formation), as well the older Puye and Santa Fe units. These units arc defined by their basal 

contacts. Flow unils located within the pre-Bandelier sedimentary stratigraphic units. mcluding 

the Tschicoma latite flows and Middle Miocene to Late Pliocene basalts, are identified by top 

and bottom contacts. These pre-Bandelier flow units consist of multiple flows intercalated with 

sediments. The top contact of this sui~e and flow units is defined by the top of the uppennost 

flow unit. The bottom contact reflects the bottom of the lowest flow unit. The unit isopach 

reflects thickness of the unit plus the thickness of the intercalated sediments. Top and bottom 

contact surfaces for these flow units v.·ere usually obtained through detennination Clf either the 

top or bottom surface, and isopachs. 

Greg Cole produced prelininary pre-Tshirege surfaces (Qct and older/lower, including 

basalts and older flow units). Bill Carey produced preliminary Tshirege surfaces (including a 

new Qbt3t surface). Both geologists worked together through steps 5 and 6 to produce the final 

surfaces. Bill Carey did the appropriate integration of this site-wide mode) into the Espanola 

Basin-wide model. 

Details of Revised 3-D Model: 

The following descriptions an.: t:Jkcn from the model_desc table of the 3-D geology 

database. Electronic versions of these tables are available at the Facility for lnfonnation 

Management, Analysis, and Display (FIMAD) at LANL. 

Tbl: 
Contacts for Tbl (Santa Clara Canyon Basalt) have been identified in the G-. and GR­

series wells in Guaje Canyon as well as in well 0-1. All contacts in Guaje Canyon wells that 

were previously identified in the FY98 model as Tb2 (Bayo Canyon Basalt) contacts based on 

their spatial position are now considered as representing Tbl flows, based on recent age dating 

by Giday WoldeGabriel (WoldeGabriel ct al., in preparation). 

All but the 0-1 occurrences of this unit are intercalated with what has been identified as 

upper Santa Fe Group, Chaquehui sediments (Tsfuv). The Tbl flow of Well 0-1 occurs within 

the Tesuque Formation of the Santa Fe Group (Tsfu). If the well logging for Well 0-1 is correct. 

then deposition of the Tesuque and Chaquehui sediments was coeval. 

The FY99 model for the Chaquehui sediments (or facies) indicates a major drainage 

separating the Tbl occurrence in 0-1 from the occun·cnces in Guaje Canyon. However, the 

elevation and thickness of the occurrence in 0-1 are consistent with a model of multiple SSE 

trending flows originating from a center north of Guaje canyon. with a combined thickness 
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> 1300 l~ct. wh11.:h thm In a thil:kncss of I ;2 kl·t 111 the \'tllnJty of 0-1. These fhm s apparently 

fdlcd and ultimately (msscd the palcmlra111agt. The FY99 model represents the Th I flow& as 

two distttll:t hol.hc~. whllsc t•lcvallons allll tsopachs lollm' a single moJclcd flo\\ trend. hut arc 

separated by the axis of the postulated palcodr;onagc due tn probable fluvial cros1on and removal 

l:fThl wttl.tllthc palco~hannel. 

Tb2: ,. 
(\mtacts for Th2 1 Bayo Canyon Basalt 1 ha\·c been identified in outcrops at Bayo Canyon 

to the nurth and Ancho Canynn to the south. as \\d) as in drill holes wtthin an area bounded hy 

Los Alamos and P<~J<mto canyons in the m•ddk of the Lahoratory. All contacts in (]UaJC Canyon 

wells that wew previously identified m the FY9X mudcl as Tb2 (Bayo Canyon Basalt) contacts 

based on thctr spatial post lion arc nu\\ constdcrcd '"'' rcpre:,enting Th I !lows, based on recent age 

dating h) Gtll<ty \\\)lt.kGahri<:l (WoldcGabriel ct al .. 111 preparation). 

Observed elevations and thicknesses l>l this unit are consistent with nmtiguous flows 

to\vard the south fwm a ~ource to the north. The modeled basalt source was arbitrarily located at 

the head of Pueblo Canyon. approximately 2 1111ks north of the greatc~t ohscrved unit thickness 

<basalt and intert:alated sediments) of 975 teet in well PM.-5, and in the vicinity of possibly 

at:tive faults of the Pa.tarito fault system. The current data set provides few constraints for this 

untt no11h of Los Alamos Canyon except for its presence in outcrops in Bayo Canyon and its 

absence in GuaJC Canyon further north. The model also lacks constraints to the west and new 

data development in this area is unlikely. Its observed presence or absence in White Rock 

Canyon currently defines the castem/southcastcm extent of the unit. Drilling Jogs from the 

Buckman Well field, could perhaps provide a \'a( illation of this assumptiOn. 

Tb3: 
The basalt of Black Mesa (Tb3) was JroppcQ. from the FY99 site-wide model. Recent 

age dating hy WoldeGahriel indicates that the hasalt located at Black Mesa is contemporaneous 

and can he included with the Ccrros Del Rio Basalts Crb4) (WoldeGahricl et al., m preparation). 

The three remaming occurrenl·es of Early Pltnl..'cne basalt. observed in wells PM-2. PM-5 and 0-

1 are petrologically dissimilar. and absent m all other deep wells. These occurrences may 

represent large cobbles m ancestraL axwl rin·r ~ra\·cls (probabiy the Rio Grande) which were 

carried downstream from source area~ north of the sttc-wtdc model. The 1998 model description 

table provide~ details on the pctrologtcal d1fkrcnu:s of these snnilarly aged oct:un·enccs. 

Tb4: '. 
The FY99 model of the Ccrros del R10 Basalts (Th4) provides only slight modification to 

the FY98 model as described in the model dcst:ription table.· The major differences include 

more-exact matching of drill hole data (includmg new data from drill hole R-15) and resolution 

of conflicts \Vith other surfaces in whtch the top of Tb4 was constrained to be below Qbog and 

the bottom of Tb4 wa~ constrained to be above Th2. The apparent intersections that were 

removed in this process were most likely the result of complex depositional topographtcs, which 

were nnt ade4uately defined hy the avatlahlc data. 

Ttl: 
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The FY99 mndcl ul the lower ., ~ChllllJ11;J nm~ ~ (Ttl) I~ <i (omplctc rcVI~/ :m ot c.uiiCf 

model~ and ts h;tscd on ~uhsurlal'l: prow~·llnn "' •'lili:I"P dat;a trnrn <irlf!!!. ci'H .. II. r~••"Ml!f'OI\."Jll 

of Tschicoma flows in wells H-1 1) and TW-·t lrorn Tt.:! to Ttl. and Jn oddttwn of outcn·p~ of Ttl 

at Cumbres Middle School and Puchto Cany11n. u hKh \'.ere nwppcd this year h)· G1day 

WoldeGabriel (WoldeGahnel, J91J9J. 

The mountains to the west ol L1ls Alamo~ ;1rc composed of lower Tsh~~:om01 0Pw~. imd 

their su1face is considered to represent the top of Tt I. Th1s outnop surf;u:c was projected 

eastward beneath the on lapping Puye and Bandelier units. The projected surface WJlh :tddcd­

modeled offsets representing post·dcpositional faultmg withm the PaJarito fault zone "as forced 

to be consistent with the observed dnll hole and outnop elcvatwns for Ttl. 

Deposition of the Puye Formation was a result of the creation and croston of lhc 

Tschicoma volcanic dome complex. The FY99 model assumes that the pre-Puye. prc-T,;chicoma 

surface for the entire region of the site-wide model was gently dipping to the east. The ba.'iC of 

Puye surface generated from the rmddle and eastern portion" of the site-wide study area was 

therefore projected (with modeled fault offsets). mto the western portion of the site. The base of 

Puye surface intersects the downward projectiOn of the top of Ti I at depth. The portion of the 

Puye surface intersected. beneath the top 0f Ttl. represents the pre-depositional surface and 

hence the bottom of Tt I. 

Tt2: 
The FY99 model of the upper Tschicoma Otw>(s) (Tt2) is hased on only 4 occurrences of 

this unit: wells SHB-1. SIGMA MESA. TW-8 and PM-5. Reported occurrences in wells H-19 

and TW-4 were reassigned from Tt2 to Ttl based on new interpretations of the western 

Laboratory area. Nearby deep wells. which do not intersect Tt2 but mtersect unils 

stratigraphically below Tt2, include: 0-4. PM-4. PM-2, DT-10. and DT-5A. These wells 

constrain the modeled extent of this unit in the cast and south. Pre-ex1sting Ttl flows \"ould 

have constrained the original extent of the tlo\v(s) in the west and north. Thcrefme the tlow(s) 

arc modeled as pinching out against Ttl in the north. The Tt2 flow has a fairly constant 

thickness of about 130 feet for the 3 drill holes in which thickness can be detennined. and 

pinches out abmptly to the cast. \\ hich may indicate some paleotopographic control of the flow 

distribution. 

Tsfu\·: 
The exact nature of the hydrogeologic unit withm the Santa Fe Group called the 

''Chaquehui" is unclear. This unit (Tsfuv) is seen only in well cuttings and is poorly 

distinguished from the local Tesuque Fom1ation (Tsfu) of the Santa Fe Group (Tsf). except for 

the fact that it is the most productive aquifer for Los Alamos. The model treats this 

hydrologically important zone as a separate unit although the modelers suspect that the upper 

Santa Fe formation in the Los Alamos area consists of (from east to west) coeval Tesuque. 

Chaquehui, and Cochiti "facies" which reflect the mix of plutonic, Sangre de Christo detritus 

from the east; volcaniclastic Keres Group material from the west: and fluvial material from the 

north. The Chaquehui facies \\'ould contain significant proportions of both volcaniclastic fan 

deposits and fluvial material. 
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rhc Middle and Late :\1111\.'I:IW hol!'l;ll! Ill·~~:-, I rh I. Th2) ;nc as!'lurncd '" haw been 

\.'\lnJJcd 11nto pn:-c\l~tmg S;,nta h· t·ro ... lon.tl/depo~itiOnal surfa~c.., during d1sc.:retc tmu~ 

llllcrvilb In almo:-.1 ;,JI 'llc·\\Juc \\cllnlltlnp. •,l-Jitllt'nh !lllt'rcalatcd wdh these flows have hccn 

1Jcn11 hcd a~ l'haquchlll 1 Punymun. I 1)9~ 1. < >nl: 1 n \\'ell 0 · I hav~,.· i ntcr ... alatctl ~cd1mcnts hccn 

llknt 1 llcJ a-. Tl'SlHJUC d 'ilul. For 1 h1:-. rt·a~on. till' mtu.kln.l huunJ<trJl''o of TsfU\ !IKnrporatc all 

Th I ;md l'h2 tin\\ s cxc.:cpt for •• sma II lim\ modl'lnl 1 n the l'll Vl rons of 0- I. The boundary of the 

Ch••quchut t..'llU IJ ca~d) he ex tcnJcd ca..;!\\ .11·d t.' cllL om pass the 0-1 basalt orcurrcrKc. as the 

as~1gnmcn1 of T!>tlll \crsus T•;fuv an \\ell ().I \\a-. p10hahly !->nmcwhat arhllrary. 

The .:ontrollor the model Is adequate Ill IIJl' nonh anu ~cntral pans ol :he SJIC-Widc model 

to dc;trly define ;1 maJor palcohasan (probably llunal) that existed at the lime of mltialion ul 

Tsfuv :-;edimcntatlon. Definition of the hasm ~nus t<l the south is less dear due to the lack of data 

<~IH.l se\t.'ral 1lptmns arc availahle for continuation of the basm. The l>ption that hcst fits the 

;nallahlt.: control pornts 1~ the most direct rout~: to the south and agrees with basal Puye drainage 

flow dm:ct1uns of Dcthicr ( 1997 ). The base of Tsfuv nscs steeply tn the cast from the basin axis 

and rclkcts can)nn cros1on nr a poss1hlc fault sc;u-p. or a comhination of the two. A north-south 

trcndmg Ul\ide IS modck·d to the west of the h;1sin axis hascd on wdls DT-5/\, DT-9 and DT-10. 

which hotlnm out <TD) m Tsfuv and indicate the presen<.·e of a divide m the basc of the Puye 

Formati<m (top of Tsfuv). Further to the west, there arc no data and it is expected that the 

Chayuehu1 "facies" transitions to Cochiti format11m (facies) which is uplifted and exposed in the 

Dome Lookout area to the southwest of the study area (Goff et aL. 1990). Faults in the 

southwestern portion of the site-wide study area greatly i.:omplicatc and compromise the validity 

of this portion of the m(Jdel. which is based on 1111111mal data. 

Tp (Tpfffpt): 
The base of the Puye Formation <Tp) 1s reasonably well defined in the ~:entral and eastern 

parts of the site-wide model by a combination of dri II hole ~md outcrop data. The base of the 

Puye Fonnat1on mimics the morphology of the modeled base of the Chaquehui <Tsfuv) with a 

north-south paleodrainage (?) ax1s in the central and southern portions of the site-wide model. 

Extension of the paleodrainage to the north is not well dcfmed by the line of G- and GR- wells in 

Guaje Canyon (which dearly defined the pre-Chaquehui paleodrainage). so the source of this 

drainage may he further to the east, perhaps influenced by Tb2 flows. New data from well R-25 

support the modeled divide hctween this mam paleodrainage and the Puye sourl:~ area (Ttl 

!lows) to the west. Although the base of the Puye Fonnation is projected to the west edge of the 

site. Puye scdunents would not have been deposited where the earliest Tschicoma flows (Puye 

source material) occur. or in upli ftcd regions of the Keres Volc.:anic center to the southwest. 

There is an unresolved conflict in the FY99 model in the vicinity of the "Y" intersection 

of highway NM 4 and the Main Hill Road. Wells 0-1 and TW-l both contain Totavi Lentil 

(Puye.l material. However. occurrences of Th2 Basalt in well R-9. and in outcrop just north of 

the "Y" indi~ate a higher elevation for the base of the Puye Formation at those well locations. 

The basal Puye is modeled as lapping against the pre-existing Tb2 flows, resulting in a "hole" in 

the modeled basal Puye unit in this region in cnnllict with the existing data at 0-l and TW-1. 

Pre-e.\Jstmg drainage topography and/or fault tng could he used to develop a more complex 

model. "hich would fit these two drill hole·.. lncorp(lratinn of new mapping of the Puye 

Quadrangle hy Dethicr (in press) may pronde r(·solullOn to this incunsistcncy. Other holes m the 

modekJ Pu~c surfaces oi.:cur Within the southern pun1on nf the Pa.ianto Fault sysll'tn where Puye 
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matcnals rnuy not haVt' been dcpo\Jit·d. ;uHI 111 rhc \ ''"11ty 11! \\'hrl~ Hod; C;m~nn "hC'rl" Pu:>c '" 

aSSlllllCd tO tr\10\.';IIC i.l!_!illll'tl 'fh-l H<h;lil flP\\ :-. 

The Puye Formation corhl'-h of Llnglorn~:r;Jtc rnaten•1l ;,hcd from the 'fs"·hKnma \okan~<: 

complex to the wcsr. axwl nvcr gravels, and some lakchcd .,cdrmcnh Warc,.haa:k 1 lfJSt,) 

proposes a Totavi "Formation" for thl· <Jllral nvcr £ravd". and wouiJ r''!ltnct the Puye t·ormauon 

to the marginally derived langlurncratc rnatrnal uf the Tsd11~:orna vok:anec cornplcll In the 

model. the axial gravels of the an~..c.'olral Rio Cir~mJc would have hccn dcpo!>llcd thmu1hour the 

Jcposition of the Puye Format10n ;md \\~>Uid rntcrhngcr wrth the fan!!lomcralc rnaccn01l a,; "ell a'\ 

Cerros del Rio Basalt nows. Ho\\cvcr. th'· ha~al ponwn of the Puye 10 mo5t of the cunm,~ 

collected within the silc has been mapped a~ Tntav1 Lentil (TptJ. Only tn one well 10 GuaJC 

Canyon and in some White Ro<:k Canyon outnups. is Puye Fanglomerate ITpf) Jdcnuhed hclow 

Tpt. Due to the difficulty of portra~:ng an 1ntcrfmgcred Tpt surface. •md m ac(:ordancc "Jlh the 

current interpretations of well data. the Totav1 Lentil <TpO is modeled ;~s the ba~ of the Puye 

Formation. 
The modeled hasc of the L111£1umcratc ponion of the Puye FomMtaon (Tp() was obtamcd 

by adding Tpt isopachs to the bast· of the Puye (Tpt). The model of Tpt J~opachs 10 the FY99 

model contains significantly m0re detail than preYious models. In the past. due to t~ 

heterogeneity of reported thicknesses for these gravels (ranging from 0- 160\ a simple model of 

smoothed, averaged thickness v.as adopted. For the FY99 model, an aucmpt Wa5 made to 

exactly contour (by hand). the highly \ ariable mcasurl·mcnts, hiasrng the contour trends 10 the 

direction of expected paleodrainage. For example, thick axial gravels measured (north to south) 

from wells GR-4 (130). 0-4 (98} and PM-4 ( 120') lay \vithin the trend of the pre-Puye 

paleodrainage, so contouring was hiascd to confnnn to this paleodrainage if the data would 

permit such an interpretation. Paleo-now indicators IDcthicr, 1997) suppon such an isopach 

model. 

Qbo (Qbof/Qbog): 
The modeled base of the Otowi Member of the Bandelier Tuff (Qbo) is based on a large 

set of well cutting and outcrop observations. Th1s surface was carefully re-contoured for the 

FY99 model, incorporating new data and insuring consistency with well observations. lsopachs 

of the basal Gauje Pumice Bed (Qbog) were rccontourcd based on twelve well obser\'ations. and 

result in minor changes to previous models. The isopachs of Qbog were added to the base of 

Qbog (base of Qbo) to provide the base of the Otowi ash tlow (Qbof). The contoured base of 

Qbog reflects most pre-depositional features such as the cinder cones associated with the Cerros 

de] Rio basalts (Tb4). Projc(tcd Qbog surfaces onlap the Tschicoma tlows (Ttl. Tt2) and the 

Bayo Canyon Basalt (Tb2) and arc dipped by these surfaces. 

Qct: 
The modeled base of the rhyolite and sediments of the Cerro Toledo interval (Qcf) is 

based on 11 well observations. While the basic trend of the surface is similar to earlier models. 

some local changes are quite significant. The maximum thickness of Qct for the FY98 model 

was resuicted to 90 feet. The recent drilling results from R-~5 ( 125' of Qct) confirm .earlier 

results from SHB-1 (137' of Qct) and portray a much thicker unit (up to 50'k thicker) for the 

southwest portion of the Laboratory. 

Qbtt: 
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The modeled base of the Tshin:gc m~mbcr of the Bandelier Tuff lQhtt) IS constrained hy 

a large number of outcrop observations in adthtJon to well data. The FY99 model represents a 

significant reworking nf the FY98 nmtours. "hirh were dC\clopcd using the TIN option in 

Arc/Info. ;he FY98 contours were reworked to more closely follow the geologic observations 

and to provide a topographically more rcason<Jhle shape to the surface (i.e., the TIN contours 

were smoothed). The FY98 surface was extended in all direttions: to the SE using data of Goff, 

et al. ( 1990) for the Dome Loekout area, to the NE. N. and NW based primanly on Griggs 

( 1964 1. and to the SE based on Dcthier (1997 ). In the SW, SE, and NW, the Qbtt was allowed to 

run higher than topography to reflect areas where the Bandelier Tuff is absent. In the SE, the 

surface was extended to reflect the trends of the palco-Rio Grande. In the SW, the surface 

geometry was modified to reflect faultmg mapped by Goff et al. ( 1990). In the nonh. the surface 

was modified to reflect faultin,g along the Rcnd(ta Canyon and Guajc Mountain faults and was 

run higher than topography in areas of Tschicoma outcrop. The final surface was created using 

Topogrid in An:!Info with the contours as input and with hard constraints provided by 25 wells 

that penetrate the base of Qbtt. In addition. 6 wells that penetrate Qbtt were used to provide 

estimates for the base of Qbtt (assummg a unilorm thickness of 3 feet for Qbtt). 

Qbtlg: 
The base of the Qbtlg v.;as created !rom an isopach model for Qbtt. The new isopach 

model incorporates and earlier isopach model of Vaniman ct al. (1996) as well as data from 25 

wells that penetrate Qbtt. The resulting 1sop<~ch model was smoothed and built into a surface 

using Topogrid. The Qbtlg surface was obtained by adding the Qbtt isopach to the base of the 

Qbtt unit. 

Qbtlv: 
The initial draft of the Qbtl v surface was created with the assumption that the thickness 

of Qbt lg was 50 feet. This contour coverage was modified by the available welrdata (30 points) 

and then funher modified by hand contouring to honor the available outcrop data. One well data 

point \vas exclude-d: the contact elevation from 49-2901 is 100 feet higher than the adjacent CH-

1 and \l'ld\c.ate.s a thtcknes~ for the Qbtl g of 178 feet. which is greater than that in any other 

welk ln the rina} grill opcralions. tnc bi1;)1: o5 Qhl h W\\:'1 ''mc~d to c<"incide wWt Qb<lg in lhe 

sou1n On 1nc \')~)n)\y \){ \ht. p\\kQI;I.\\\)''-'") :.md m the NW (in lhe vicinity of the Tshicoma · 

outcrops) to he consistent with surface mapping. 

Qbt2: 
The base of Qbt2 was created as an Jsnpal:h. The first draft of the isopach was created by 

allowing Topogrid to model the base of Qbt2 using all outcrop and well data as input. The 

resulting isopach map was modified to provide geologically reasonable extensions of the 

isnpachs to the edge of the model area and to resolve conflicts among closely spaced data. In the 

final step. the base of Qbt2 was constructed in Topogrid with the isopach contours and the wen 

data (44 points) as hard constraints. 

Qbt3: 
The base of Qbt3 was created from an i-.npach model for Qht2. The 1sopacli model was 

created using well data ( 17 data points). high-precision outcrop data <for the base of Qbt3 as 

referenced to the FY99 ha.se of Qbt2: Gt.1rdncr l:t al.. 1999; Gardner ct al.. 1998 and outcrop data 
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from WoldeGabriel ( 1999) tor the NW region. The isopachs were modified to extend 10 the 

model limits and to resolve conflicts between well and outcrop data. 

Qbt3t: 
Qbl3t was created from well data (21 points). high-precision outcrop dala (Gardner et al., 

1999) and outcrop mapping of WoldeGabriel (1999) north of the Laboratory within the town 

site. The resulting surface was subtracted from Qbt4 to create an isopach map. The isopach map 
was modified to extend to the limits of the Qbt4 outcrop area (i.e .. Qbt3t only exists where Qbt4 

exists) and to thin to zero thickness to the east. The modified isopach map was subtracted from 

Qbt4 to create a contour coverage for the base of Qbt3t and to usc as input in Topogrid, along 

with well data and high precision QUtcrop data, to produce a final Qbt3t coverage. The well data 

include those of LANL (1998). 

Qbt4: 
The base of Qbt4 was .. ·reated from well data (23 points, including 19 from LANL. 1998), 

high-precision mapping of Gardner et al. (1999), and surface mapping (WoldeGabriel. 1999). 

The resulting contour coverage was modified to resolve conflicts among data and limited by a 

model boundary for the extent of Qbt4 such that Qbt4 is not found in the eastern half of the 

model and does not occur along the northern edge of the model. 

QbtS: 
The base of Qbt5 was created from an isopach model of Qbt4. The isopach model was 

created from a preliminary representation of the base of Qbt5 obtained in Topogrid using well 

data and surface outcrop data, The isopach model was extended to the limits of the Qbt4 swface 

(i.e .• Qbt5 only exists where Qht4 exists) and was further constrained so that Qbt5 does not occur 

much north of Los Alamos Canyon. The final surface was obtained from the isopach and was 

constrained with 14 well data points. 
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