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SUMMARY OF CONCLUSIONS 

The pre-conceptual geotechnical investigations of the AHF Site at TA-53 indicate that the 
(mils in which tunnels and shafts will be constructed in the canyons will behave like soil 

rock, The low strength parwneters of the Otowi will requiIe a soft-ground apploach 
to excavation and structural suppmt If unshielded tunnel construction methods me used (e. g.; 
roadheader or NATM) the excavation cycle will be short, probably less than 10 feet If a TBM is 
used, support immediately behind the shield will be needed, In shafts. shoring or other bracing 
will be requir ed in each cycle as the shaft is surue 

In open excavations relatively low in-place densities and unconfined strengths might limit cut 
slope gradients and increase potential for settlement and slumping of ground adjacent to Cllts. 

These same plOperties could make retained excavation more feasible because support systems 
like soldier piles or soil nails should be comparatively quick to instalL 

If the beam linc in the tunnel is at elcvation 6600, a 15-foot diameter tUlUlel will break out of the 
Otowi into the Cerro Toledo in at least one location and come very closc to breaking into 
alluvium in at least one other location in Sandia Canyon. In Mouandad Canyon the base of the 
Cerro Toledo will be less than one tunnel diameter above the crown of the tunnel in at least one 
location. It is reasonable to expect that these conditions would occur over a substantial portion 
of the tunnel alignments under the canyons. Although the laboratory results from these 
investigations do not show a sharp contrast in geomechanical properties between the Otowi and 
the Cerro Toledo, it is possible that the stand-up time and stress-strain behaviors of the two units 
would be different enough to require different primary support and pcmlunent lining designs. To 
avoid a mixed-face tunneling scenario and lessen the risk of instability in the tunnel ahove the 
crown, the tunnel level can be lowered to a depth that would provide at least one diameter 

two diameters) below the Otowi/Cerro Toledo 01 Otowil alluvium contact. This can 
by either actually lowering the elevation of the tunnel level or by shifting the 

alignment to avoid the deepest horizons of those contacts. resulting in a new layont with respect 
to the site topography and geology An alternative approach would be to assume the certainty of 
a mixed-face tunnel scenario and to design the tunnels and plml construction for those 
conditions, 

The results of this investigation have identified additional questions and have shown how 
variable the geotechnical elements of the site are likely to be. Geotechnical uncertainties of 
primary importance are: 

• 	 Parameters related to facility layout and depth the shape and position ofthc lOp of the 
Otowi and the thickness and continuity of the overlying geologic units 

• 	 PrimarY geomechanical pammeters - strength pwmlleters (friction, cohesion, unconfincd 
triaxial maximum deviator stress), 

• 	 Major geologic structures - the existence and location of any faults or erosional breaks 
that could impact the position and continuity of geologic units along the tunnel 
alignments, 
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with the 
(SCMP) described in detail in the TA-53 

ase would identify any site features 
facilities The second SCMP phase 

conceptual design, or CD I, phase. It should be focused on the data requirements of 
conceptual design and on data needed to determine sizes and of tunnels and shafts, 

excavation and ground support, and identify out-of-limits conditions 
including unstable slopes and excessive contaminant levels these investigations 
should include: 

Continuous tube sampling and visual logging 
Video logging 
Downhole seismic logging 
Seismic reflection and refiaction surveys 
Laboratory testing 
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of Pre-Conceptual Geotechnical Investigation 	 File No C59010120 

INTRODUCTION 

Kleinfelder, Inc. has plepared this RepOlt of Pre-Conceptual Geotechnical Investigations in 
fulfillment or the deliverable-product requirements under Task 039 of Holmes and 
NarverlRaytheon's (HNR's) contract with Los Alamos National Laboratory. It addresses the 
scope and results of geotecimical investigations conducted to supp0l1 pre~onceptual design 
studies of the Advanced Hydrotest Facility (AHF) at TA-53 

1.1 GENERAL DESCRIPTION OF PRO.lECT 

The Advanced Hydrotest Facility (AHF) of the Los Alamos Neutron Science Center (LANSCE) 
at T A-53 is intended to be a subterranean system of shafts, tunnels, and experiment halls as well 
as surface support facilities for research associated with the Depaltment of Energy's Stockpile 
Stewardship pIOglam. AHF will have as many as 2& shafts and more than five miles of tunnels 
under at least 50 feet of cover that is intended to act as a radiation shield. The facility will 
include two underground test chambers, one tunneled in rock and the other to be constructed at a 

of J80 feet in an open excavation about 600 feet in diameter The subterranean facilities 
include: 

• 	 An injector shaft 
• 	 A booster ring 
• 	 A main ring synchrontron 
• 	 Beam e.jectorsi splitters 
• 	 Beanl transport tunnels 


A non-SNM firing site (Firing Site #I. or FS 1) 

An SNM filing site (Firing Site #2, 01 FS2) 

Services shafts with alcoves 

Emergency egress shafts 

One or more access drifts (inclined tunnels) 


AHF research will involve a high-energy proton beam and Special Nuclear Materials (SNM), 
requiring protection from radiation as well as a high level of security To provide both radiation 
protection and security, the subterranean facilities must be at least 50 feet below lowest ground 
surface, or about elevation 6600 feet, and must be in essentially that same plane tluoughout the 
entire beam path, No other underground facilities have been constructed at this 
elevation in the Los Alamos area, and no test have been drilled for geotechnical _ 
to this elevation in the footprint of the plOposed Consequently, the geologic conditions 
around the AHF are based on broad-scale 
shallow lest borings around the LANSCE complex 
drilled and samnled for environmental and ground water studies_ 
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1.2 PURPOSE ANI) CONTENT OF REI'ORT 

This report has been prepared as a record of the geotechnical investigations conducted by 
Kleinfelder. Inc under subcontract to Holmes and Narverl Raytheon (HNR) during July
September, 2002 .. The investigati~ns were perfomled to: 

• 	 Develop an initial understanding of the geotechnical conditions of the site in general and 
ofthe canyons in particular, and 

II preliminary evaluation of geotechnical design parameters that could impact 
layout and depth. 

This report presents a description of the investigations, findings, alld preliminary conclusions 
and recommendations concerning ground conditions affecting tunnels, shafts, and 
excavations. Implications of the findings on facilities layout and depth are discussed, as 
Data needs identified from these investigations and the types of future geotechnical 
investigations required to address those needs are described. 

In section 2, the physical setting of the AHF site at TA-53 is described. The following section, 
3.0, describes the scope of investigations andanalyses. Section 4.0 presents the conclusions and 
recommendations resulting from the investigations and analyses. 

2 SITE DESCRIPTION 

These facilities are located across a geographic footprint that is approximately 3700 feet from 
north to south and nearly 3100 feet east to west, hinging on the linear accelerator of the Los 
Alamos Neutron Science Center (LANSCE) at T A-53. Within this area the terrain includes two 
mesas und two canyons, aligned approximately east-west and roughly perpendicular to the axis 
of the beam transport tlumels system, which constitutes most of the length and footprint of the 
subterranean facilities. This combination of terrain and facility alignment results in Ilmnels 
crossing under both Sandia and Mortandad canyons, with FS2 located in Mortandad Canyon at 
the south end of the Ilmnels. 

The general geologic setting of the AIIF area includes, in descending order: 

• 	 Uplarlds or mesas formed by the Tshirege Member of the Bandelier Tufr, which is several 
hundred feet thick and will be penetrated by shafts from the TA·53 area. The Tshirege is 
divisible into several units: 

Unit 4 absent in the AHF area 

Unit 3 non-welded to partially weld tuff 

Unit 2 - moderately to strongly welded tuff 

Unit 1 v - devitrilied, non-welded to slightly welded tuff 

Unit Ig - glassy, non-welded to slightly welded tuff with pumice fragments 

Celio Toledo interval, a volcano-clastic sedimentary unit between tuffs of the two major 
eruptions. Bounded by erosional surfaces on bottom and top, it is inegular in thickness and 

.:; ~ 	 {Wf!7i1DU? 
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latcral extcnt, and is generally not lithified. Whele the Cerro Toledo interval is missing, it 
may be leplaced by Tsankawi Pumice, which othelwise forms a layer up to 1m thick 
overlying the Ceno Toledo 

• 	 Otowi Member of the Bandelier Tull, underlyiug the Celio Toledo as well as both mesas and 
canyons. The tunnel horizon will be in the llpper portion of the Otowi. which is a non
welded tuff. 

streams, fonus the boltoms of both canyons The alluvium is 
of the Tshitege and consists of mostly sill- and sand-size volcanic 

ash fragments. In the canyons the alluvium overlies the Unit I g tuff, the Ceno Ioledo, or the 
Otowi tuff depending on location 

The shallowest cover over the tunnels will be in Sandia Canyon. where the sUlface elevations are 
lowest. The bedrock/alluvium contact depth has 1101 been known prior to these investigations, 
and the physical properties of the alluvium had not been characterized in any ptevious studies 
Consequently. thete were insufficient data for determining the depth and physical plOperties ot 
alluvium in Sandia and MOltandad canyons or the thickness, lateral continuity, and physical 
properties of the Cerro Toledo interval and lhe Tsankawi Pumice. It is very important to 
determine where alluvium, the Cerro Toledo interval, and the tuff units are in relation to the 
planned AHF subteuanean facilities and what plOpellies must be considered in locating and 
designing the facilities. The scope of these investigations was based 011 developing this 
infonnation. 

3 SCOPE OF INVESTIGATIONS AND ANALYSES 

3,1 DESCRIPTION OF INVESTIGATIONS 

The pre-conceptual geotechnical investigations were planned and conducted to: 

Explore the shallow subsurface of Sandia and Mortandad canyons using test borings to 
establish some bounding limits of the positions, thicknesses and properties of the 
geologic materials (lower Tshirege Member, alluvium, Tsankawi Pumice, Cerro Toledo 
interval, and upper Otowi Member) that are likely to SUITOllIld and overlie the AHF 
subterranean facilities 

Detemline preliminary ranges of physical properties of geologic materials by pel fmming 
laboratmy tests on selected samples obtained flom the test borings 

Evaluate the geologic conditions that might affect tunnel and shaft layollt, depth, design, 
and conslluction. 

recommendations that will be used to decisions conceming subtenanean 
locations. depths, and construcllolt methods, and to scope subsequent 

geotechnical invesligntions Site Chmactelization Master Plan 

In this pre-conceptual stage of the AHF Project, site characterization efforts have been directed 
towatd determining those geologic conditions that define bounding limits 1'01 the physical 
placement and construction of the subterranean facilities Accoldingly, t11ese investigations wete 

C5901012(l\AlIl2H(l77 ~ (,. U'JI27r.Wn:! 

Cl"Jra:-ril,tiI12U(I:!, I\Jcinr~ldlll.ltl~ 


KI. [1 ....1 f [L (11:1~ Il)()i Il.l\\"kin.., N E 1\lhllqlH'rqllf' NJ\I 1\;" 11)CJ (;W'i I,ll·: \". \ 110';1_\ :·1 1~ II Li' 

http:U'JI27r.Wn


Report of Pre-Conceptual Geotechnical Investigation rile No C590 10 120 
AHF Project. T A·53 
la' Alamos National laboratDlY 
Los Afamos. New Mexico 

limited to delineating major geologic units and their boundaries and general properties (e.g.; 
what geologic units ate present. how thick are they, will they be soft or hard. weak or strong). 
The investigations consisted of eight test borings drilled through soil and rock to about elevation 
6580 or about 15-20 feet below tunnel invert level. Each boring was visually logged and 
sampled as appropriate for the materials encountered. Limited laboratory testing was per formed 
on selected samples to support soil and rock classification and estimates of unit weight, strength 
parameters, permeability, and alkali-silica reactivity Samples splits were made available to 
LANL ER and ESH groups fOl chemical testing for environmental contaminants 

3.1.1 Test Borings 

. Eight test bor ings were drilled to depths between 84 and 179 feet, sufficient to reach about 15 " 
feet below expected invert elevation (6660 feet), or about elevation 6580 feet. Five of these 
borings were drilled in Sandia Canyon directly south of T A-53, as shown on Figure I. Borings 
in Sandia Canyon WCIC drilled 84 to 150 feet deep and three borings were drilled in Mortandad 
Canyon to depths of 143 to 179.2 feet. The locations ofthe eight borings were selected to covel 
the footprint of the AHF tunnels and other subtellanean structures as IIluch as possible and to 
supplement infonnation previously developed by the LANL Environmental Restoration program. 

The test drilling activities were performed in accordance with the requirements of the ESH 10, 
Excavation Permit, and Activity Hazards Analysis. Each test-bOling site was accessed 
existing roads and trails, with some overland travel required tor short distances at 
locations. No earthwork, bridge·building or other special measures were requited to get drilling 
equipment to and from the designated drill sites, and no sites were within stream channels 
Consequently, no restoration of aecess routes or stream channels was needed. Drill site 
disturbances involved the area immediately around the dlillhole where the drill rig and SUppOlt 
truck and trailer were parked as well as the space around the collar of the drillhole where cuttings 

No mud pits were used. The typical area of activity around each 
_!()UU-4UUU square feet, at most. Of this area about 100-150 square feet was 
I with cuttings When each test boring was completed, all cuttings were 

placed back in the drillhole and the cuttings site was raked All trash and equipment was 
removed when the crew left the site. The total area of disturbance tor all eight test borings was 
about 2/3 acre. 

The test borings were drilled with a Strata-Star \0 drill rig using an 8.0 inch 0.0.14.0 inch 1.0. 
) 	 hollow stem auger in accordance with ASTM Method 0615J·97 Drill cuttings were retained 
, 	 within 10-20 feet of the borehole during drilling and placed in the borehole as backfill at the 

completion of drilling of each hole. Samples were obtained by continuous tube sampler 
advanced inside the auger, by Standard Penetration Test (SPT) drive sampler (ASTM D\586
99). by CalifOlnia drive sampler (ASTM 03550-01) and by grab sampling of auger cuttings, 
SPT sampling or California ring barrel sampling at five-foot intervals was the usual 
testing/sampling method applied in alluvium intervals of all test borings and, at the discretion of 
the field geologist. in some sections of the CelIO Toledo and tuff units encountered in the 
borings. Grab samples were taken to provide large volumes of material for testing the 
compaction characteristics of soil and tuff . 

• 7-	 ()tim/2M2 
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Sampling in the Otowi Member usually employed the continUOllS tube method. Continuous tube 
samples provide a more complete record of the materials penetrated, making it possible to 
develop mOte detailed descriptions ofthe subsurface conditions. Continuous tube samples were 
considered to be undisturbed and were sealed and handled in accordance with ASTM 04220-95 
When the tubes are lemoved flam the borehole, they were capped and sealed with tape on both 
ends, labeled, and transported for safekeeping and lalet' testing. Although this ASTM procedure 
is intended fOt use with undisturbed soil sanlples, it was used for samples of tuff, as well, 
because of the soft soil-like consistency of the tuffs 

Some rock coring was attempted using a NO wireline core barrel with a diamond or carbide bit '\ 
~.t per ASTM 02113-99 Due to the softness of the tuffs, rock coring using the standard rock core 

barrel with air as the drilling fluid was not successful and was abandoned in favor of continuous 
tube sampling with the hollow stem auger 

A Kleinfelder geologist visually logged all borings. On a standard log form, the geologist 
recorded: 

Number and location of bOling 
• 	 Date of statt and completion 
• 	 Names ofdriller and geologist 
• 	 BOI ing collar elevation and total depth 
• 	 Sampling methods and depthlinterval of each sample 

Sample recovery - pel centage recovered 
Classification of material - Unified Soil Classification System for soils, pellologic 
deSCI iption for rock 
Visual description including color, moisture content, stiffness/density/hardness, grain 
sizes, stlUcturai featmes (lOots, fractUles, bedding, etc.), weathering, and visible mincl'als 

• 	 Penetration resistance (SPT blow counts) or advance rate 
Lithologic boundaries or contacts 

Depth ofgroundwater 

Graphic log illusllating diffelent materials encountered 


Additional notes will be added to logs when needed fOI explanation or clarification of log entries 

Daily field repOlts were also prepated on which the geologist recorded wOlk struted and 
completed, problems encountered and actions taken, and houls worked. 

Upon completion of each test boling, the samples were removed from the site and Iransported by 
truck to the Kleinfelder Albuquerque laboratory. All tube were maintained in an upright 
position throughollt handling, transpoltation and storage to the undisturbed cilaractclistics 
of the samples as much as possible. The location and disposition of samples were recOIded on a 
sample inventoryl custody log. LANL's ESH-\O group obtained splits of 32 sanlples fm their 
use in testing for geochemical characterization and environmental contaminants . 
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3.1.2 Laboratory Testing 

A limited program of laboratory testing was performed on selected samples obtained from the 
test-boring program. The specific tests included: 

Grain size analysis 

Atterberg limits 

Moisture-density 

Unit weight 

Direct shear 

Unconfined Compression 


• 	 Triaxial Compression 
• 	 Hydraulic Conductivity 


Alkali-soil reactivity (ASR) 


In the investigation program plan, combined hardness and tensile strength tests were to be 
performed on tutI if suitable samples were obtained. Due to the softness of the tull. these tests 
could not be performed. 

All geomechanical and ASR testing was perfonned in Kleinfelder laboratories in Albuquerque, 
New Mexico and Pleasanton, California 

.3.2 GEOTECHNICAL ANALYSF_~ AND FINDINGS 

The investigations described above were intended to 
setting and geomecllanical properties of geologic units 
As such, they provide the basis for some geotechnical analyses and findings that are general and 
preliminary. Additional, more detailed investigations will build on this basis to develop the 
geotechnical parameters needed for conceptual and higher levels of design. The following 
describes the allaly~es performed and the resulting preliminary findings. 

3.2.1 Result. of Test Boring Program 

The results of the test-boring program are summarized in Table I and illustrated in 
and 4. The test boring logs, from which Table I and Figures 2,3 and 4 are derived, are 
in Appendix B. Borehole BH-7 was drilled at LANSCE in July, 2002 as patt of the LANL 
Environmental Restoration Program at the south edge of the lagoons at TA-53, about 700 feet 
north-nortbeast of test boring SCI of this program; the graphic log of the lower palt of BH-7 is 
included on Figure 2 as supplemental information. 

Sandia Canyon (SO Borings 

Borings SCI through SC5 were drilled in Sandia Canyon at the locations shown on Figure I in 
Appendix A All SC borings encountered alluvium and tuff of the Otowi Member. The 
alluvium is primarily silty sand with varying amounts of silt and clay Colluvium consisting of 
rock fall and talus from adjacent slopes is randomly interbedded within the alluvium. Thickness 
of alluvium increases from about 23 feet at SC2, near the west end of the tmmel footprint, to 50 
feet at SC4 and SC5. 
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In the west half of the footptint area, Unit 
thinning eastward from about 29 feet 
appears to have been eroded away flom the eastem half of the in Sandia Canyon, but it 
is at least 80 feet thick under the lagoons at T A-53 in BH-7, The Unit is pinkish to reddish 
brown, non-welded to par1ially 

The Cerro Toledo interval consists of a vmiety of non-welded sediments, plimarily reddish 
brown silty smld with fragments of gravel up to one inch in size. Although the Tsankawi 
Pumice overlies the Cerro Toledo, it is less than three feet thick and not readily distinguishable 
li'OIn the Cerro Toledo; therefore, for the put poses of this report the Tsankawi is treated as part of 
the Cerro Toledo. Like Unit Ig. the Celio Toledo intelval was found in bOlings SC2 and SC3 
but not in borings in the eastem half of the footprint in Sandia Canyon (SCI, SC4, and SC5). but 
the Cerro Toledo is approximately 40 feet thick in BH-7 Evidently the Cerro Toledo, like the I g 
Unit, has been eroded fTOm Sandia Canyon in the east half of the AHF footprint The vCItical 
position of the Cerro Toledo is lowest in SC3, where its base elevation is about 6605, pUlling the 
Cerro Toledo within the tunnel excavation hOlizOll at that location if the beam line follows 
elevation 6600. The extreme vatiability in the elevations of the base of the Cerl'O Toledo 
between SC2 and SCJ, 51 feet over 1200 feet distance. shows that the Ceno Toledo was 
deposited on an irregular erosional surface and was, itself, eroded befOlc deposition of the 
Tshirege tllffs, 

The tuff of the Otowi Member was found in nil SC borings eithel below the Cen-o Toledo in the 
western half of the footprint area 01 below the alluvium in the eastem half The Otowi is pinkish 
orange (salmon) colored, non-welded ash flow tufL It was difficult to sample using ait coring, 
but good sample recovety was achieved using continuous tube sampling with the hollow stem 
auger, The Otowi is consistently soft and bl eaks easily, This fonnation will be the host unit fOI 
the AHF underground facilities, but as shown hy SC1 and SC5, the depth of the facilities will 
have to be increased to avoid enr,oullteting Cerro Toledo or alluvium in tunnel excavation, 

Watel was encountered only in SC3. The water level was 35 feet 
but by the time the boring was the watel had dlained to some level below the bottom 
of the borehole. This water was transient, arising fTOm rapid infilliation of rainfall and 
local runoff. 

profile along Sandia Canyon that can be Interpreted from the SC bOlings is shown 
in 
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Mortondod C017)1011 (MC) Borings 

The three test bOlings drilled in Mortandad Canyon all encountered the Otowi Member, the 
Cerro Toledo. and the alluvium, all of which had essentially the same physical properties as in 
Sandia Canyon, The I g Unit occurred in MCI but not in the other two MC burings, Both the 
absence of the I g Unit and the much lower position (about 50-60 feet lower) of the Cerro Toledo 
interval in MC2 and MC3, compared 10 MCl, implies that there is either a paleocanyon wall or a 

" structural offset (fault) between MC I and MCl. 

} No water was encountered in the MC test borings, 

rhe geologic prolile along MOItandad Canyon that can be interpreted from the MC borings is 
shown in Figure 4. 

3.2.2 Results of Laboratory Testing Program 

Based on the test boring logs and visual exanlinlltion of 
were selected for testing in Kleinfelder's Albuquerque 
laboratOl ies. All sampled malelials, including the tuffs, were tested using soil mechanics 
methods These tests provide some initial insight into the physical properties of the geologic 
units in the canyons; although too limited to support design. the test results indicate the range of 
properties that should be considered when evaluating facility layont and depth, design and 
excavation approaches, and later site investigation plans. 

Laboratory test results are included in Appendix B and summarized in Table 2. The results can 
be evaluated by geologic unit as follows: 

AlIllvium - general sandy soil with up to 50% minus #200 sieve (fines) consisting of silt (SM 
soil) or clay (SC soil), low plasticity to non-plastic This material should be suitable for 
excavation of stable cut slopes and for use as engineered fill, 

Tshirege Unit 19 - generally silty sand with enough bonding of particles (from cohesion, 
welding or cementation) to give the tuff relatively good stIength (95.8 psi in unconfined 
compression) consideling its low density (71.9 pcf). 

Cerro Toledo· variably graded silty sand and silt, modenrte to low density (96.2 to 709 pef), 
low stIength in unconfined compression (4.8 to 14.5 but good strength parameters 
=28-31, cohesion = 2-3 ksf) in direct shear This should be suitable for excavation 
of stable cut slopes and fur use as engineered fill. 

Olawi luff - generally silty sand with enough bonding of particles (from cohesion, welding OI 

cementation) to give the tuff some unconfined strength (6.0 to 530 psi) and good strength 
parameters ($ =38, cohesion = 1.1 ksf) in direct shear. Five triaxial unconsolidated
undl ained (U-UJ tests. run of samples from five different bOIings, produced a wide range of 
results, from a deviator stress of 16.91 ksf at 1.0 ksfconfining pressure to 7.19 ksf deviator 
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stress at 2.0 ksf confining pressure Although confinement appears to increase stress at 
failure, the results rue not conclusive. Densities are consistently low, 69.9 to 83.2 pcf, over 
the six samples tested Hydraulic conductivity (permeability to water) also appears to be 
consistent, in the range of 10-7 cnlisec. 

Alkali-silica reactivity (ASR) testing was performed on a selected set of samples !i'om the 
These tests arc time-dependent and could not be completed by the 

l.aboratory testing started sevenll weeks later than originally 
scheduled, the result of deJays in the drilling and sample collection caused by fire hazard 
conditions and drill rig mechanical problems. The results ofASR tests will be submitted later as 
an addendum to this report 

The tests show that all of the geologic units consist of soils or soil-like material - none of these 
units have typical rock density, hardness or strength properties. 

4 CONCLUSIONS AND RECOMMENDATIONS 

4.1 GROUND CONDITIONS AFI'ECTING TUNNELS AND SHAFTS 

Both the test borings and the laboratory tests indicate that the geologic units in which tunnels and 
shafts will be constnlcted in the canyons will behave like soil lather than rock The low strength 
parameters of the Otowi will require a soft-ground approach to excavation and stnlctural sllpport 
The Otowi should excavate easily hut is likely to have short stand-up times, requiring substantial 
ground support installed close to the heading within a short time, pel haps minutes, of excavation 
Consequently. if unshielded tunnel construction methods axe used roadheader or NATM) 
the excavation cycle will be short, probably less than 10 feet. a TBM is lIsed. 
immediately behind the shield will be needed. In shafts, shoring or other bracing 
required in each cycle as the shaft is Slink 

4.2 GROllND CONDITIONS AFFECTING OPEN EXCAVATIONS 

The geotechnical parameters that make tunnel and shaft excavation relatively easy should also 
make open excavation straightfoIWard~ The apparent absence of ground water and high
plasticity soils and the good frictional characteristics of all geologic units are favorable factors 
for open excavation. However, relatively low in-place densities and unconfined strengths might 
limit cut slope gradients and increase potential for settlement and slumping of ground acl~iacent to 
ClltS Alternatively, these same properties could make retained excavation more feasible 
support systems like soldier piles or soil nails should be comparatively quick to instalL 

4,3 IMPLICATIONS FOR FACILITIES LAYOUT AND DEPTH 

The graphic logs in Figure 2 and the p!Ofil~s ill Figure 3 and 4 show that, if the beam line in the 
tunnel is at elevation 6600, a 15-foot diameter tUllnel will break out of the Otowi into the Cerro 
Toledo in at least one location and come very close to breaking into alluvium in at least one other 
location in Sandia Canyon. In Mortandad Canyon the base of the Cerro Toledo will be less than 
one tunnel diameter above the crown of the tunnel in at least one location Considering the 
number of trouble spots encountered in a limited number of test borings (three out of eight), it is 
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reasonable to expect that these conditions would occur over a substantial portion of the tunnel 
ali.gmments tmder the canyons. The variability of the vertical position and thickness of the Cerro 

shown by these test borings will almost certainly persist under the mesas, as well 
Consequently, with the tunnel elevation and layout that is cUllcntly base lined for the AHF 

zones of Cerro Toledo soils and possibly alluvium will be exposed in tunnels. Although 
results from these investigations do not show a sharp contrast in geomechanical 

properties between the Otowi and the Cerro T aledo. it is possible that the stand-up time and 
stress-strain behaviors of the two units would be different enough to require different primary 
support and lining designs. Such a mixed-face condition would add to construction 
costs and to a more complex design. 

To avoid a mixed-face tunneling scenario and lessen the (isk of instability in the tunnel above the 
crown, the tunnel level can be lowered to a depth that would provide at least one diameter 
(preferably two diameters) below the OtowilCerro Toledo or Otowil alluvium contact This can 
be achieved by either actually lowering the elevation of the tunnel level or by shifting the 
alignment to avoid the deepest horizons of those contacts, resulting in a new layout with respect 
to the site topography and geology. However, for either approach to be taken with con fidence, 
additional site investigations would be needed to establish the fOlln of the upper surface of the 
Otowi across the footprint of the tunnel system 

An alternative approach would be to assume the certainty of a mixed-face tunnel scenario and to 
design the tunnels and plan construction for those conditions. 

4.4 DATA NEEDS 

This investigation program has produced some initial insight into the geologic conditions and 
geomechanical properties that will impact tbe Al-lF subterranean facilities, but the results of this 
investigation h!lve also identified additional questions and have shown how variable the 
geotechnical elements of the site are likely to be. Geotechnical uncettainties of primary 
importance are: 

Parameters related to facility layout and 
Otowi and the thickness and continuity 
investigation shows that these pm ameters can vary substantially 

of the of tile 
this 

have major effect on the layout. construction methods. and cost of the subterranean 
facilities 

• I',lmarv geomechanical parameters (friction, cohesion, unconfined 
triaxial maximum deviator values of these parmneters determined 

The number of tests performed is not 
sufficient to support a judgment about this variability is due to sample 
disturbance, test operator influence, or actual variation in the tested materials. Because 

pruameters are critical to design and construction of the tunnels and shafts, 
more stren!!th testing is needed 
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• 	 Major geologic structures - the existence and location of any limits or elOsional breaks 
that could impact the position and continuity of geologic units along the tunnel 
alignments 

4.5 SUBSEQUENT GEOTECIINICAL INVESTIGATIONS 

The site conducted for this pre-conceptual of the 

the data determining the canyons 


and for initial assessments These data needs can be 
a set of geotechnical investigations, with the "COO" phase of the Site 

TA·53 Integlated Design Studies \ 
J 

The COO phase is not linked to ,my specific information needs of COO; it would OCCUI before the 
stalt of conceptual design, This phase would identifY any site feaMes that could force major 
realignment or repositioning of AHF facilities. For example, an active or capable fault 
underlying the location of FS2 could force that strttcture to be relocated.. Such a feature affects 
project planning at a pre-conceptual level, so it mllst be addressed before conceptual design. 

The second SCMP phase is the conceptual design. or CD I, phase. It should be focused on the 
data requirements of conceptual design and on acquiring data needed to determine sizes and 
shapes of tunnels and shafts, on methods of excavation and ground and on identifYing 
potential out-of-limits conditions including unstable slopes and contaminant levels. 
This phase is intended to produce the additional data needed to support the conceptllal design 
and to provide data required in the Environmental Impact Statement The geotechnical 
characterization of SCMP CD I should be ditected toward establishing a model of the 

including the and determining the range of oTooerties that 
layout, and constructability 

subterranean facilities to 
in situ lock stmcture, and to extrat,t additional samples for visual 

examination and testing, Geophysical surveys should be pel formed to assist in geologic 
correlation between test borings, to detect large subsurface discontinuities. and to provide data 
on rock mass properties_ Specifically, these investigations should include: 

Continuous tube sampling and visual logging - to provide better chalactctization of site 
geology, to obtain core and other samples for testing, and to provide openings for video 
and downhole seismic logging, 

Video logging - to observe and lecord rock discontinuities in situ and in true spatial 
orientation 

Downhole scismic to detennine velocity characteristics of rock with depth. to 
complement seismic and refraction surveys 

Seismic reflection and refraction surveys - to determine 
three-dimensional and to locate boundaries between units, to complement 
downhole seismic and rock coring and visunl 
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Laboratory testing 

o 	 Direct shear - to quantify friction angle and cohesion of material 

o 	 Compressive strength - to quantify stIength in uniaxial compression 

o 	 Grain size analyses - to classify soil and disagglegated tuff 

o 	 Plasticity lndices- to classify soil and disaggregated tuff 

o 	 Proctor moisturel density - to quantify compaction chmacteristics of soil and 
disaggregated tuff 

o 	 In-situ density and specific gravity - to quantify void ratio and unit weight of tuff 

o 	 Alkali-silica reactivity - to evaluate chemical interaction of tuff with concrete 

Data derived from these investigations should be added to the site database and terrain modeL 
The tenain model will provide the primary platfOlm for conceptual modeling of shafts and 
tunnels. Modeling will include AutoCAD simulation of excavations within the terrain model as 
well as representations of shaft and tunnel configurations for subsequent structural analysis 
during design 

5 CLOSURE 

5_1 LIMITATIONS 

The recommendations contained in this report arc based upon the field exploration, laboratory 
tests, and our understanding of the proposed facilities It is the responsibility of the design team 
to determine the suitability of the information contained in this report and, at the discretion of the 
design temn, to seek supplemental geotechnical infonnation and recommendations. This 
supplemental information could include additional site-specific borings, laboratory testing, 
geotechnical engineering analysis, or geotechnical consultation 

The subsl1lface data used in the preparation of this report was obtained from the eight test 
bOlings It is anticipated that variations in the subsmface soil and rock conditions may exist 
between the boring locations The nature and extent of variations may not be evident until 
construction occurs. 

This repal t was prepared in accordance with generally accepted standards of practice at the time 
the report was written No warranty, express or implied, is made. It is the Client's responsibility 
to see that all parties to the project, inclnding the Designer, Contractor, Subcontractors, etc, are 
made aware of this report in its entirety. The use of information contained in this report for 
design purposes; subsequent use of this infoffimtion fOl construction should be done at the 
ContractOl's option and risk. 

Other standards or documents referenced in any given standard cited in this report, or otherwise 
relied upon by the authors of this report, are only mentioned in the given standard: they me not 
incorpOlated into it or "included by reference" as that latter term is used relative to contr acts or 
other matters of law 
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This report may be used only by the client and only for the purposes stated, within reasonable 
time from the issuance. Land use, site conditions (bnth on- and off'site) or other factors may 
change over time, and additional work may he required with the passage of time Any party 
other than the client who wishes to use this shall notify Kleinfelder of such intended use. 
Based on the intended use of this report, may lequire that additional work be 
performed and that an updated report be issued. Non-compliance with any of these requirements 
by the client or anyone else will release Kleinfelder flom any liability resulting flOm the use of 
this report by any unauthorized party_ 
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APPENDIX A 


Figure 1 Location Plan of Pre-Conceptulil Geotechnic:lI Test Borings 
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10 INORTHING EASTING ELEV, DEPTH 

1770304 1639362 6695 115 
1769900( 1) 1637167(1) 6723 150 
1769632 1638347 6703 123 
1769606 1639232 6682 102 
1769497 1640094 6662 82 
1768409 1637573 6760 180 
1768477 1637929 6750 170 
768294 1639063 6725 125 

LOCATION PLAN OF PRE-CONCEPTUAL 
GEOTECHNICAL TEST BORINGS 
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Date Completed 0811312002 ~~~___ Lo;lged By~ ~S",~-"M""."fkle=y______________ 

Boring Location: Mort.endad Canyon 17' west of stak;ed location 

Griller: Chad Szounar Orilting Method/Site: ..8~"H"SA""-_____________:=--_____ 

Elev Tap of Hole: S7M' Total DePth (It }',,~ 1792 Groundwater Depth: I ~ nol encountered 
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IJ£SCRIPTION 

~Aa~6s{~~~1t:2}~~~':Jig~lg~~rnrcr~~~'t~n:M'm'(r~~r
about 15% sIlt/ash 
From 69' to 73 5' Interlav~red red brown silly SAND with trace 
to some pumice, ash" 1it~ICS. flne to medium grained, layers of 
fine grained silly sane w~th 10 to 20% ash and' pumice 

r 

From 73 5' 10 78' silty SAND, red~brown. ~redominate!y fine to 
medium grained, approximately 30% pumice up to 1 em ( 4"), 
wea.kly cemented 

~~~.~~'t[fJ~g··~~~Jn:=~··~vrfci ~~~lf~~~=·about 
1.5 em { 6"}. ashy matrtx, pumice IS glassy. plnkl$h«brown towh«. 

DRILLING NOTES 



DESCRiPTION 

Pinkish·brown, lithics increase to about 5 to 7%. 
red-brown, dacite, up to 12 em (,5")
Note: From 82 l' to about 89' mav be re..worked Otowi 

to oinkish-oranoe. pumice is yeJlowlstKtmnge. up 

Sample tube was 
cruslied ~ sarvaaed lower 
~~w&!e lube, 1 1 5' to 

Drafted 8y: S Merkley 
Dale: 0912712002 
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DESCRIPTION 

Light plt'lklsh~gray, percent lithics increases to about 10%, up 
to 5", pumice up to 5 em (2") 

P.~I.lly welded 

~40-1125 

Light gray 

Basalt lithlc5 to :l", sUb-angUlar to sub-rounded 

LOG OF BORING MC·1 [LATE 
. Advanced Hydrotest Facility - Preconceptual 6 ofKLEIN FELDER 
i Los Alamos National Laboratory 
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Project No: 59'{)I0120 
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DESCRIPTION DRILLING NOTES.... ~ffi 
t- Q. [(~~ " I ~ w ~6... fh ~ ~::> -'0 w mILQ '" "'z 

140 

Degree 0' welding Increases slightly 

14('i 

150 

'\ 
J 

ugnt ~nl(lsn-gtay, pomlce leSs abundant and smaller, up to 

~ 
~.~~==~~J4==:d====~==h:~~~~==TI~LO~G~O~F~B~O~R~I~N~G~MC~_1~============~====~====~=i 
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DESCRIPTION 
 DRIUING NOTES 

u 
ill 
Ir

.La; 

Basalt lithics to about 25" pumice is white, glassy_ sparse 

100 

~~I~narifll~V~~:~~~S~t 
4,2' run so tubes didn'l 
crush 
VerY hllm. slow drilling
witli sample tubes from100 
approximately 165' 

3,9' run· tubes started to 
crush 

100 

Increases slightly, lighlgray. rlthics increase 

.::; 

Q 
a 

phenocrysts 

95 

6Se$ ~~ 
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Dale Complele<i: 08=109=12"'00"'2'----_________ Logged Sy' S. Merkley 

Boring Location; Mortendad Canyon, 6' south of slaked location 

Drille(: QI}!,d Szpunar 


Elev Top of Hole: 67 52' 
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4,3.7 
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Projed No: 59-010120 

Fife Number: 59»010120 

DESCRIPTION 

wHfi-frace tc$omegra~ej,predomTna-tely-filie 
p~'~lYr~~l$":5~i~~df8·5{irar:~-pla5tic, 

Trace fine gravel 

Preconceptual 

DRILLING NOTES 

PLATE 
or s 

Drilling Melhod/SlZe: JL..JJ>U:'--___________________ 

Tot.1 Doplhlft ):_-1WL___ Groundwater Oeplh: f g not encountered 



5.6.10 

DESCRIPTION DRILLING NOTES 

6.7. B 

Sandy etAYJ same,as above wlth traces of pumice, coatse 
qlt3rtz. sanichne grains 

Advanced Hydratest Facility - Preconceptual 
Alamos Nationallaboratorv 
Alamos, New Mexico 

Fi!e Number: 59.{)i0120 



DESCRIPTION 

tnU:!rbecided with poorly graded SAND. predominately medium 
grained 

III KLEINFELDER 
Project No: 59-010120 

Flte Number. 59.010120 

LOG OF BORING MC-2 
Advanced Hydrotest Facility - Precol1ceptual 
Los Alamos National Laboratory 
Los Alamos, New Mexico 

i 
I 

DRILLING NOTES 

Suspect blow counts
sampler may have been 
hung up 

Blow counts suspect 

C'l"fIIIIht~IMHdlM' /nor: 2001: 



DESCRIPTION 

Grades to fine grained silty SAND with tuff gravel and cobbles, 
same as above 

3,5 
ash flow TUFF, (possibly 
, malrix is fine grained, some 

e, up to a[Jb"flt ~~cr ~~ugary white 

Start continuous 
sampling at 79' 

4' 

light yellow to white {sands) with Uny black 
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DESCRIPTION 

8=~~\f~tfo~~~~~Jr3:' r5~UW~I~~~ f~PAiH. 5 to 15% 
LITHICS. basah up to 1" 

~Yfm~~;?o~b~~:a~'~lf~~~n~~b!~rett~n~~~riyUCe~d~'d 

Gravel up to 70% In coarse grained layers. lose obsidian 

lOG OF BORING MC-2 

IAdvanced Hydr?test Facility - Preconceptual !Los Alamos NatlOnallaboralory 

DRILLING NOTES 

~ Los Alamos, New Mexico 
~ Drafted By S Merkley Project No: 59.{),0120 1 i 
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DESCRIPTION 

93 

~~~i:~ !3,~::~nn~S~:ri;~ -not aU is oxidized 

90 

Percent ash increases, about 20% pumtce 

~ 1;''' 

··0!i
:': -. 
g --~ 
~ Drafted By; 
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S Merkley 
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Project No: 
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DESCRIPTION 

~S
90 
Ill ... 

Pumice is white, nol Dxidll-ed, lInit is fight gray. partiaUv wekfet1 

o 

.3 

Cuttings white to light gray 

140' 

Start NQ wlrellne eonng 

of pumiceJflthic fragments up to about 

G!i.lJ5 

SWitched back 10~ ~gg~~uous sampling at 

LOG OF BORING MC-2i~rb~A=n"='=,,1=K=l"'=E='-N'=F E l D E R 
Advanced Hydratest Facility. Preconceptual 

'" I Los Alamos National Laboratory 
!l Los Alamos, New Mexico 
~ Oraned By: S Mer.ley Project No; 59-010120 
~ Oate: 09127120Q2 File Number. 59-010120 
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:1~~~~~v%~~.~P ~~~ ~ft(~h:zi)ray, aboul20 to 30% pumice, 

lithics about 5% up to about 25" 

Pumice up to 4 em (1 6"), some are yeUowish·orange, oxIdized 

9B 

95 

kq KlEINFELDER 
LOG OF BORING MC-2 
Advanced Hydrotes! Facility" Preconceptuai 
Los Alamos National Laboratory 

Drafted By: S Mendey 

Date" 0912112002 

"------1 Los Alamos, New Mexico 
Project No " 

F~e Numter: 
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Date Completed: 08/08/2002 logged By: 5, Merkley 

Boring Lo(.:ation: Mortendad Canyon. North of road 

Driller Rob HeltonlChad Szpunar Drilling MethodlSlle; 8" HSA 

Elev Top of Hole: 6727' Total Depth ift ): 1437 

W 

Q /:z 
Q. 

~ .3w ::la:'~ I" I'~ 	 DESCRIPTtON\;: ...J 	 ,Yo:llll~'" ~ ~ ~ ~~ .... 8 ~ 
w ~ 

Q. 

~ ,1'" <IlZr-L 
-smy~SANtqSMrMih tiat;e 	 ravel, fine to medium sana;layers

of coarse grained sand. l!9h~brown. Slightly mOlst lOOSE! to' 
medIum dense, non-plastic 

)- , 
I I 

I 
I 

" I 

.-1
Interbedded poQffy graded SAND iSP) with s:;r. sand silty 
sand is fine oralned. medium to coarse~rain ,ligbt brown t 

5,5,6 	 brown, sligh 'I mo~st, loose to medium ense. non-plastic, 
trace gravel to 1"~ I 

I1,,,,

I I 
10-\'" 

3,4,4.~ 
C;1lS" 

\ " b" 

f 
I 3,5,4 ~ 
61tD:

~ 
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Groundwater DePth:1 g. Jl0t encountered 
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DRilliNG NOTES 



DESCRIPTION DRILLING NOTES 

4,4.7 

t" 

8.13,14 

9.9.10 
~~3h~Vg~~~:t~ 1~~\~;li~Yt/ofTIe fine sal\d. yellow·brown firm, 

5.7.9 

L 

d. S 6 

OF BORING MC-3 P=LAEj
Advanced Hydrotes! Facility - Pre conceptual .. 2 of 7 
los Alamos National laboratory 

."~---------; los Alamos. New Mexico 
Project No: Sg.010120 
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Porcenlage of SILT It\cma.os $lightiy, Will> gravel to 
~~~sen:~~gl!~~~f:Jl~tfb ~4~~~;~:r; i~i~~I~y 1~~lrjX 

5,5,7 
~~rSf~~~jt~MJe~~rtgo"ri~~~c~~~:'t~~f~~~~~!l~
weakly cemented. trace 10 some gravel 

3,6,9 

60 

5,12.20 
64 

Upper i,' -or run is weathered, yellow-brown tuff with about 30% 
White, \/ittifled pumice. pumice is fine grained sugary white ~ 

~ 
II> 

~g
iiJu. 

45 ~~ 

5,11. 12 

DESCRIPTION 

devilrifi'ed_____________ 

LOG OF BORING-U K LEI N F E L D E R Advanced Hydrotest Facility Preconceptual 
.... j Los Alamos National Laboratory 
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DRIlliNG NOTES 

Start continuous 
sampling al S8 7' 
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DESCRIPTION 

looSe,- iayerea-sands may ha'\,-e 

Obsidian fragments up to 1 mm 

light gray to heiRS' pumices are sugary white, aboul 30%, up 

-j 
 ~Oh:n~ry~f;~t ~u~~,a:~~[~eg~~YioU~ ~~bout 1", 
 Drilling harder 

85-

b::!~~h~a~IY[::rk~fi~:;~~W~s~~f,,;,~c;'i>:~~~~~2ht 

1 

phenoCry~~Yabout~) of quartz, sanidmiiJ, up to 2 mm. about 

10% lilhics. d~rk gray to black specks up to 4 mm, pumice i$ 

whiteJJllassy, up to 1 em ( 4"), non-weided. friable texture, 

slighuy porous 

Poorly bedded to not bedded 

~!J11 __--1 
~~-- LOG OF BORING MC·3 PLATE 
~ .tII" K LEI N F E L D E R Advanced Hydr'!test Facility - Precanceptual 4 of 7 
: -. Los Alamos National Laboratory 
~ ~~- Los Alamos, New Mexico 
~ Drafted By: S Merkley Project No; 59"(} 10120 I 
~Loate:__ 0912712002 File Number. 59.Ql0120 
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DESCRIPTION 

-

Percentage of HUlies increases to about 30% dacite and 
basatt. percentage of pumice decreases to aboul 5% 

Grades to lighlgraywbrown 

,.5 


Color lightens to light pinkish-gray, partially welded 

File Number: 59-tJl0120 

Advanced Hydratest Facility - Preconceptual 
Alamos National Laboratory 
Alamos, New Mexico 
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sub~angular to angular, up to 

100 

~ 1;'''' 

OeSCRIPTION DRILLING NOTES 

lncrease!n percentage lithic!> to about,15'fo, bCl501ill.t. 
-_.. ... . . 

up 10 5 em \2"), veIlClw~orange, with cry50tals, about 

.., 

g,~t~~::I~al~~a~g~!~~er::~zF1~~::~~~I~~i~5:')UP to 

~:F=~~~~~~==~==~~~~~~~LO~G~O~F~B~O~R§.(N~G~M2C~.3~~~======~====~=P~LA~T=E~~ 
Advanced Hydrotes! Facility· Preconceptual 6 of 7 

Q Los Alamos National Laboratory 
Los Alamos, New Mexico 

Drafted By, S Merkley P,oject No: 59·010120 
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Q. > DESCRIPTION DRilLING NOTES0 ~ U:;:1iE ~ iii! '" ~! iIII00~ ill -'0 w c ~ '"'1ft"'''
100 In'<~ 


i:r~:~ 

~, /~''''' 

i~:<v 
- ~: ~:~ 

1140 i: -:~ 
100 

~~>:~ ,m-

Rerusal encountered~~~:~ with sample lubes in-r·~"-~ barrel1 Tolal depth to 143 7' 

i145

"'" 

150

I 

6!HS 

155

I 

0$1, 
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120100

Boring location: Thumb canyon Q!I. rl.l?rth sid"'o"o"'f."S"'an"'d"'la,.,C"'a"'n"yo"'n"-T.!.!A"',!.t72L-______________ 

Driller' Rob Helton Drilling MethodlSize' 8" HSA 

Elev Top of Hole: 6691' Tolat Deplh (H )::_-l.11~4,--____ Groundwater Depth: I '* not encountered 

Date Completed: °"'7"'126""" "'2'--_________ logged By: S. Morillo. 

z 
o 

~ 
~ 
w 

~ 


F 

~ ~ 
/: r1!", 

DRILLING NOTES 
I-J: Q. aml::t ::t UJ 
0. ::! ::!::E 
W « <t::J' o ~ U)Z 

brown, 
HCL, 

.~~ag~ 

5
2,2,2 

Occasional gravelly layers 

10-
15.16 

Interbedded cla~ey SAND with gravel and poorly graded sand 
from 13' to 17,5 Clayey to silly sand Is mOIst. reef. medium 
dense, low plast1city to non-plastic 

15-
Poorly graded SAND predominately medium ~rajned15,1b 

Drilling harder 

I 

Advanced Hydrates! Facility .. PreconceplualIrl...~K ~ E I N F ~LI D E ~ 
Los Alamos National Laboratory 5~_______._______. 
Los Alamos, New Mexico 

Drafted By; S Merk!ey Project No: 59--010120~ 
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DESCRIPTION 

50/3H 

5013" 

5011" 

0-·1I" , 

ILOG OF BORiNG SC·1 
....."" KlEI N F E l 0 E R i Advanced Hytfr<?test Facility - Preconceptual 

I Los Alamos Nalional Laboratory 
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DESCRIPTION 

~ag~~~~egg,~~~CC~~d~~i~U~~~~~~t~~s~~,Ii~~1~2~~
usua!1y oxidIzed to oraogewyellow 

\. 

LOG OF BORING SC·1 
Advanced Hydrotest Facility - Preconceptual ..~ Los Alamos National Laboratory 

----- 1 Los Alamos, New Mexico 
Draffed By; S Merkley Project No: 59-010120 
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KlEINFElDER 

DRII LING NOTES 

Start continuous 
sampling at 44' 

3 of 6 



DESCRIPTION 

Dark gray. daatic to andecitlc Ilthlcs 1" to 2~ 

Slightly increased abundance ofdark gray dacltic lithics 

DRILLING NOTES 

slightly harder 

~ 
:0 
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Daclta lithlC5 to 

90 

95 

DESCRIPTION DRIlliNG NOTES 

75" io size. unit grades to light gray 

~~~r:~~~:'Sjp ~o::guf~.~~ilar color, compositfon except 

Pumice is slightly more abundant, larger dasls up to about 2" 

_11.1_ J 
! LOG OF BORING SC-1 B!I[H K LEI N F E L 0 E R Advanced Hydrates! Facility - Preconceptual 

- Los Alamos National Labo",tory 
:);1----------:--.-:----::---1 Los Alamos, New Mexico 

59·010120 

59-0t0120 



DESCRIPTION DRILLING NOTES 

Totafdepth t.o 114' 

~ 
Advanced Hydrotest Facility - Preconceptual 5 of 5KLEINFELOER Los Alamos National Laboratory 
Los Alamos, New Mexico 

Dralled By: S Merkley 59-010120 

Date: 0912712002 File Number; 59-010120 
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Dote Completed: 08=IO'-"!!J12il!OOIl<?~_________ Log9ed By: S, Merkley 

Boring location: Sandia Canyon, south of road, 48' southwest or stream gauge 

Orlller Rob Hefton~~ Drilling Method/Size: !Llt!i>t'-___________________ 

E!ev Top of Hole: 67231 Total Depth (ft ): 1495 Groundwater Oepth: I ¥ _oer<;Jl!!j=CU: 

Fl!: 

3.4,4 

1(}--'--~ 

2,2,3 

" 15 
Percentage fines decreases, predominately fine grained sand 

3,2,3 

ILOG OF BORING SC-2 
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DESCRIPTION 

1.S"layer-Ot light graY3$h~flow: qUartz and sanktlne ----
phenocrysts, ashy matrix ~ wlthm brown silty sand, same as 
above 

51 art continuous 
sampling at 24' 

Tuff becomes partially wekied 

lOG OF BORING SC-2 RI KlEI N F E l D E R IAdvanced Hydn;tesl Facility Preconceptual 2 or 7 
i Los Alamos National Laboratory 

---------l Los Alamos. New MexIco 
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DESCRIPTION DRILLING NOTES 

towel 
sediments 
medium to coarse) 

.. ____ nts up to about 5 
n.'weL extremely weak, crudely bedded 

ice in a silty: sand 
u~~ft ~~~t~ ~'Jftvitreou$, 

At 63.5' un.lt grades 10 coars~ SANO wllh silt, some fine gravel 
- pumice. hlhu;s, fIDe 10 medium sUty sand, wet. red-brown. 
dense. non-plastIc 

6. 
~~~~'Wl\:=~ti~!~~!mPu~1~ :brgur~1rri(~,~)to mOist, 

LOG OF BORING SC·2 PLATE 
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.§' DESCRIPTION;;: 
~ 
W 

ill 

(';555 

Drilling very hard 

J: 
Ii: 
OJ 
Cl 

70 

15--' 

so 

90 

WJ\lt!sh..gray pumice lapilU, :3 em (1 21 

Saturah!d at 73' 

Unit Is moist to slightly moist 

Red~bfowj"! to orangisn..brown 

Cuttings very moist to moist 

k~ KlEINFElDER 
LOG OF BORJNG SC-2 
Advanced Hydrotest Facility - Preconcep!ual 
Los Alamos Nationallabora!ory 
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DESCRIPTION 

Pumices predottllnately orange, up to 1 em ( 4"), partiaily 
crystaline but some glassy 

Pafcentage iithlCs increases 10 aboul 5%, up to 5 mm. basalt 

NOTES 

~:m~~-:e'~~~ pinkish-gray, slight Increase In pumice, tuff is I DriHU'lg 

III KLEINFELDER 

brown lithics, up to 2 mm, pumice mostly beige to 

Pum1ce block fragments IJp to 4 to 5 em (1 6 to 2") 

Amount and size of pumice dec(~ases.11Ihics consisting
predominately of basalt end dacite 

LOG OF BORING SC-2 
Advanced Hydrotes! Facility - Preconceplual 
Los Alamos National Laboratory 

"-----< Los Alamos, New Mexico 
Project No: 

File Numbec 5~10120 

Drilling "ightly ..,ier 
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~ 1>5Ir.n K: E I N 

I 

F ~ LID E R 

ProjeclNo: 59010120 

File Number: 59'() I 0120 

DESCRIPTION 

~hl~f)aY~brown, some pumices are oxidized ~ orange. up 10 

Unit is stili partially welded, non-uniformly 

Slightly moist 

size up to 2", consisting moslly of basalt 

LOG OF BORING SC-2 
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OESCR1PTION DRILLING NOTES ~llhl« «:::l 
I---":'....J~"cn '" ""~+--"'-"'---l-.!l:..i~-1---"'-

1"".

~:o~ fo~~II~nr~~~ter 
cuttings 

Medium gfay~bfown, about 15% oxidized pumice, fine grained
matrix, trace lithics 

h.. 

1551$ 
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Date Completed: 081051200:2 Logged By; S. Merkle~ 


Boring location: Sandia Can:t:0nj south of road 22! southwest of staked l()Ca~!im 


Driller: Rob He~on Drilling MethodfSlze: 8" HSA 


Elev Top of Hole: 8702' Tolal Depth (~ ): 123] Groundwater Depth:' ~ perched" 35' 


Ff 
L1J ,.. 

a: a::"- r:l Ul UI 
n. .3iila: DESCRIPTION1) 

~ '" DRILLING NOTES ~ -'w '-' ~"- Il.'"::! ::!::! ~b 
<t::> ~-'0~ <Ii VIZ Ill"  ~ ~ ~ I--~ 

PoorT:rgradedSAND (SP). with trace sHt and gravel, medium 
to coarse sand, dark brown. moist, loose to medium dense. 
non-plastic 

"~~ 

5~1--

~: 
 5.5.6 


66!!5

10-l- Loose. trace fine gravel to about 1", well founded 

3,2,3~ 
1""

I 

l 15-.- 

/ 
3.3,3 

I: ~ 
""'-

~ 
a! 
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DESCRIPTION DRILLING NOTES 

6,7,3 

I~:~~~~, (~~~;:~hs~ri~J/f~~~i~r:li~:t~~~nd, ~ 

Percentage gravel increases. up to'" In size. well rounded 



,. 
DRILLING NOTES 

Slsrt continuous 
sampling at 53 7' 

00

~ cuttings retum sInce 

6. 

III KLEIN FELDER 

Project No : 59-010120 


File Number: 59-010120 

C;"JI'iI"'llld liloillla_, _ tw~ 

!II .3 
W a 
a: (3 
~--~-

DESCRIPTION 

~I%d~b~a~~~:~~~\if;4~n!~~t~~~grj:tT~~~I~~dpl~~ty 

~{~~~n~'J~~~?~~~~h~Cry:~::'~O!~~i~:n~welded. 
5f?, red,brown, pumice to about 1 5 em (6") up to 5 to 10"/.. 

LOG OF BORING SC-3 
Advanced Hydrotest F acilily - Preconceptual 
Los Alamos National Laboratory 
Los Alamos, New Me)(ico 



DESCRIPTION DRILLING 

Gray to about 65 5' then grades to rsd-brown 

~~g~~~f{~~r6e~~~taeBl-' f~dm~N +9 about 2 em 

Inlerbedded sands from about 7'2. very moist Last foOl 
herder 

From about 75' to 75.S' is a gravelly sand layer with etaslsup 
to 1,5", basalt predominatelY sub·rounded, about 25% gravel.
medium 10 coarse 5and 

with pumice. dense, 

1i~~rs::y~fw1?ha~S~tals 

Medium SAND wHh pumice up to .25", red-brown.. many of tM 
sand layers are loose to medium dense, very mOist to wet 

WeI! graded SAND. coaroe to fine 

Advanced Hydrotest Facility - Preconceptual 
Los Alamos National Laboratory 

~~~~--c---___c---i Los Alamos, New Mexico 
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100 

...IIfJ KLEINFElDER 

DESCRIPTION 

~~~~II~!~~d~J.~:~~~: rri~"bl~urated, n()n~welded to 

light gray-brown grades to light pinkish-gray 

LOG OF BORING SC-3 
Advanced Hydrotest Facility - Preconceptual 
Los Alamos National Laboratory 

Projeci No '-5-9--0-1-01-2-0~--II Los Alamos, New Mexico 

File Number. 59-010120 

DRILLING NOTES 

DrilUng noticeably harder 
around 96' to 97'. may
be due to stough in hole 
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..~'LLING NOTES 
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-- ~~~ 

ense, non-plastic 

Dete Completed: 0712912002 Logged By: S. Merkle~ 

BOflng Location: Sandia Can~on! TA-n. 24' north of staked location 

Driller: Rob He!mn Drilling MelhodlSlz.: R" "'~A 

EIE!\I Top of Hole: 6682' Tol.1 Depth (ft ): 104 

UJ x >-
z c. 

0 0: 0: 
0 ~ mil] '" ~ .9 

. DESCRIPTION 
0. . i= IJJ 

"' 0 

II ~ i"~ 0: ii~ 5;1- l) 
UJ

Q. :; ~:::J 0 0 0: ~~~W « --'0 

I"'!~'" "'z Ill"- ;f. I-E,-
~;~~;dAs~~~rrk~gh~~Tu"mfi;a~n~~~kr~~~I~hfJ~o~btst 

:~ 
I h"Iedium dem,e, non-plastic 

I 

I 

I I
I I 
i 
I 

51-

~ 10.9.5 

"''' 

j 
~ ·peicenfa~ silt decreases, trace~ravet10-,- -

~ 
Poorly graded SAND with silt. (S -S~t fine to medium grained 

10.7 7 sand, brown. slightly moist. medium 

1 

5610 

-

II 

I I 
I 

." Medium to coarse grained 

~ B. 11. 121 

1...,-
I 

, I ~ iI 
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I 1 ~ 8,5.6

{"" I 
\. 

DESCRIPTION 

Sand decrea~s. predominately clayey sand In sandy etay with 
coarse to medrum sand 

I j I ' ! 

" I ~ 

11:1 KLEIN FELDER 

Proje<;t No: 59-010120 

File 

LOG OF BORING 
Advanced Hydratest Facility - Preconceptual 
Los Alamos National Laboratory 
Los Alamos, New Mexico 

DRILLING NOTES 

Blow counts incorrect 
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Project No: 59-010120 

File Numbec S9·01012Q 

DESCRIPTION 

Color grades to light red-brown. pumices sparse, tess oxidized 
to no OXIdation from about 63' 

Dacite !ithics about 5%. up to 1" in size 
Unit is light gray~brown 

LOG OF BORI 

DRILLING NOTES 

No cutttngs return 
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" 

''''' 

Pumices more abundant, oxklized, unit grades 10 light red-gray 

(2 ~"), partially welded from 

Ulhlcs decrease in size to about 25" (6 mm) 

~~~.2;=fst~~~~t1g~~~~~~e. ma~ 2 mm in size 

LOO'OFBORING SC-4 
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DRILLING NOTES 

KLEINFELDER 

DESCRIPTION 
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Dato Completed: 0~7",13",O",I200"",2,,-_________ Logged By: S" M.rkle~" 

Boring Location: §andia Canyon TA-72. 3" soutneast of slaked location 


Drilier" !'!9.~"Henon Drtnlng MethodiSize: ,,8...;"H"'S.,A"-____________-=______ 

Elev TopofHo,o: 6662' To'.' Deplh (ff)"_-'S,,4'-____ Groundwatet Deplh:1 ,,¥~(l~O~


FIe 

rr:~ o ... Il:;:: w DRILLING NOTES ~ Yl~ffi
'" :t: ~ fl-fD ~b~ fu ~ ~~ So 

YlZ ttl ..w C) '""I r oJ 

~ 

I 
3,6,7 

trace fine gravel, predominately 1fne-s-and~ 
iJded sand layers with medium to coarse 
moist, non-plastic, medium dense 

'dy silt layers 

10 
Grades to ,lIty SAND to SilT (SM-ML) 

2,4,4 

15 

3,4,4 
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.9'" DESCRIPTION DRILLfNG NOTES Ui~~ I~ I!~ 11~::;~ g i!'"';:.-' w '" rnZ ClUJ Q '" 

i 
! 

2. 

6.9. a 

Orliling harder 
Start co"tinuolJ~ ,. 
 sampling at 29' 


Sitty SAND (SM), tine grained, trace coarse grajn~ Quartz. 
lithlCSI m~'ldium dense to dense. reddish-brown, slightly moist, 
non-p Bslle 

., 3S"~ 

GIl2S 

Pumice lapilli and fragments up to 7 em (2 75") long 

Light yeUow·brown 

.0 

~I-
ij), 
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.3 
" J 

'~d~~h~rri;arrrxn~1~ ~~~~:~fded. 
to 1 f11fTl1 no bedding, oxidized 
.. _. vitreous. extrememly weal( to 

Trace dacite and basalt IIthlcs up to about 5" 

55 

:1--------.. 
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NOTES 

( 
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