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Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor
has identified a 2,300 acre withdrawal area in the Crescent Flat area just northeast of .

Crescent Junction, Utah, as a possible site for a final disposal cell for the Moab uranium mill tailings. The
proposed disposal cell would cover approximately 300 acres. Based on the preliminary site-selection
process, the suitability of the Crescent Junction Disposal Site is being evaluated from several technical
aspects, including geomorphic, geologic, hydrologic, seismic, geochemical, and geotechnical. The
objective of this calculation set is to present results of the rippability lnvestigatlon based on seismic
refraction activities at the Crescent Junction Disposal Site.

This calculation will be used in the Remedial Action Plan and Site Design for Stabilization of Moab Title |
Uranium Mill Tailings at the Crescent Junction, Utah, Disposal Site (RAP), and summarized in the
appropriate sections of the Remaedial Action Selection (RAS) Report for the Moab site.

- Method of Solution: .

A retraction seismic survey was conducted along 10 seismic lines centered on existing boreholes at the
Crescent Junction Site to assist in evaluation of suitability of the site for disposal of the Moab tailings. The
purposes of the seismic surveys were to determine the seismic velocities of weathered and unweathered
Mancos Shale deposits that underlie the site and relate those velocities to the rippability of the subsurface
materials. The refraction seismic method.is routinely used for rippability investigations. Data collection
and analysis methods for this project were performed in accordance with the Standard Guide for Using
the Seismic Refraction Method for Subsurface Investigation ASTM Designation: D 5777-00.

The Final Report of the Crescent Junction Disposal Site Seismic Rippability Investigation is in Appendix A
and a review of this report is in Appendix B.

Assumptions:

N/A

Calculation:

N/A

Discussion:

Seismic velocities and the thickness of layers undérlying the prOposed disposal cell to a depth of
approximately 60 feet, produced by means of a refraction seismic survey, have been provided in the
report. This information will be used to determine optimal and economic depths of excavation for
construction of the disposal cell at the Crescent Junction Site. The suitability of selecting equipment
based on the reported velocities should be based on the excavators experience with ripping machinery

where seismic velocities are known. Data in this report will be used in maklng these determinations during
the conceptual desugn phase of the disposal cell.

Conclusion and Recommendations:

Use of this informétion in the conceptual design of the disposal cell at the Crescent Junction will be
incorporated into appropriate sections of the RAS and other design documentation.

Computer Source:

N/A
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INTRODUCTION

. Refraction seismic surveys were conducted for $. M. Stoller Corporation along ten seismic lines
centered on existing boreholes at the proposed Crescent Junction Disposal Site to assist in the
evaluation of the suitability of the site as a final repository for the Moab uranium mill tailings

. The purposes of the seismic surveys were to determine the seismic velocities of weathered and
unweathered Mancos Shale deposits that underlie the site and relate those velocities to the
rippability of the subsurface matcrials.

The refraction seismic method is routinely used for rippability investigations. Caterpillar Inc. has
prepared charts that relate seismic velocities to different sized rippers. For typical refraction
seismic rippability investigations a seismic.velocity versus depth or elevation profile is generated
along, s each survey line and then the velocities are related to the Caterpillar charts so that a proper
ripper can be selected by the construction contractor. Two types of refraction seismic surveys
may be conducted to ascertain the rippability estimates of the subsurface: two-dimensional (2D)
tomography and delay-time. The 2D tomography method offers a more detailed and gradational
section of the subsurface seismic velocity, but takes a little more time in the field and thus is
slightly more expensive. The delay-time method offers only a layered and averaged velocity
section, but may be more familiar to construction contractors since it has been in use for a much
longer time than 2D tomography. Stoller selected the delay-time method for this project.

This seismic survey was a joint effort between Bird Seismic Service, Inc. of Globe, Arizona and
Hasbrouck Geophysics, Inc. of Prescott, Arizona. Bird Seismic acquired the seismic data using
the survey design prepared by Hasbrouck Geophysics, while I{asbrouck Geophysics processed
and interpreted all the data and prepared the final report. This final report will be reviewed by
Mr. H. David Macl.ean of Grand Junction, Colorado. Ken Bernstein is president of Bird Seismic
Services, Inc. and may be reached at ken@bridseismic.com or 928-719-1848. Jim Hasbrouck is
president of Hasbrouck Geophysics, Inc. and may be contacted at jim@hasgeo.com or 928-778-
6320. Dave Macl.ean is available at 107770.3066{@compuserve.com or 970-242-1649.

DATA ACQUISITION

Seismic surveys essentially consist of recording seismic waves that have been generated by
artificial sources, observing the arrival times of these waves, and producing cross-sections of

* variations in subsurface seismic wave velocities that can then be related to geology. The source
of seismic encrgy for surface surveys is primarily dependent upon the target depths and local
geology, and for relatively shallow surveys is generally either a sledgehammer or weight-drop

- system. The seismic waves are detected by geophones in surface survcys " A geophone consists
of a coil suspended by springs with magnets build into the case. A seismic wave moves the case
and the magnets while the coil remains relatively stationary because of its inertia. The rélative
movement of the magnetic field with respcct to the coil generates a voltage across the coil that is
propomonal to the velocity of the seismic wave. The electrical voltages produced by the

: ‘geophones are transmitted back to a recording instrumeént (seismograph) via cables. In refraction
seismic surveys it is necessary, according to Snell’s Law, that velocities increase with depth so
that the refracted seismic waves can be dctected on the surface For refraction seismic surveys in

" S. M. Stoller Corporation Crescent Junction Selsmlc Rippability Investigation
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most sedimentary environments it is typical that velocities increase with depth (i.e.. there are no
velocity reversals) and it is assumed that this is the case for the Crescent Junction Disposal Site.

According to Stoller, the depth to weathered bedrock in the project area i$ assumed to vary from
two to approximately 25 feet. Unweathered bedrock may be deeper than 50 feet thus the
refraction seismic survey is designed to investigate to depths somewhat greater than 50 feet using |
the standard rule-of-thumb for refraction seismic surveys that the first geophone o “sce™ a |
refraction from a layer will be at a distance of three to five times the expected depth. For

example, if an investigation depth of 60 feet is desired then the first geophone to see a refraction, -

il present, from that depth will be at 180 to 300 feet along the line of geophones, or spread, with

the larger distance applicable to areas with generally slower velocities. In order to accurately map

the deeper horizons, several geophones must be beyond the initial geophone that records the

decper refraction thus a geophone interval of 10 fect with 30 feet far offsets (resulting in a total

spread of 500 feet) is used for this project.

The refraction seismic data for this project were acquired with a 48-channel Bison 9048

- seismograph with 21-bits of dynamic range, 250 milliscconds (ms) record lengths, and 0.25 ms
sample intervals with Mark Products 10-Hz geophones lmplanlcd approximately three inches into
the ground at intervals of 10 feet along cach line. The scismic source was an Elastic Wave
Generator (EWG) accelerated weight-drop mounted on the back of a 4x4 pickup and consisted of’
a 207-pound weight that was lifted hydraulically against large springs and then released resulting -
in a force much greater than the weight itself. For each seismic line data from a minimum of
eleven source points were acquired (seven within the spread nominally between geophones 6 and
7,12 and 13, 18 and 19, 24 and 25, 30 and 31, 36 and 37, and 42 and 43, and ofl'each end at
distances of 10 and 30 feet). The geophone distances were initially measured with either a tapc or
takeout intervals on the geophone spread cable and after completion of data acquisition every
fourth geophone and each offset source point was surveyed to at least centimeter accuracy by a

. contractor to Stoller. Because the surface topography change was minor and the seismic lines
were relatively straight it was only necessary to-survey the coordinates and elevations of every
fourth geophone and then interpolate values for the intermediate geophones.

The seismic data were stacked nominally four to six times (depending upon offset and noise) at
each source point to increase the signal-to-noise ratio. Stacking, or signal enhancement, involved
repeated source impacts at the same point into the same set of geophones. For each source point.
- the stacked data were recorded into the same seismic data file and thcorcucally the seismic signal
arrived at the same time from each 1mpact and thus was enhanced, while noise was random and .
tended to be reduced or canceled. After recording the data on the hard disk of the seismograph,
“the seismic records were copied to a personal computer at thc end of each ficld day. These data
were e-mailed nightly from the field to Mr. Hasbrouck and copxes of the Observer Reports (field
notes) were faxed at the same time. The quality-of the scismic data ranged from very good to
excellent depending primarily upon offset, and identifiable first breaks (first arrivals of seismic
energy) were present along all the lines. : : :
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DATA PROCESSING

The refraction seismic data were processed using the SIPwin (version 2.77) set of computer
programs from Rimrock Geophysics Inc., Lakewood, Colorado. The gencral processing flow
consisted of the initial selection. or “picking”, of the seismic first breaks (first arrival of seismic
energy) with the S/PIK program, creation of data files for input into the interpretation program
with the SIPIN program. and interpretation of the data using modeling and iterative ray-tracing
techniques with the SIP72 program. A first break was selected as the initial downward variation
of the seismic signal from a horizontal linc and was generally accurate to a'time between 0.5 and 1-
ms. To enhance the accuracy of first break picks. the scismic record was zoomed to a time that
only encompassed the breaks themselves (i.e., only the portion of the seismic record where the
first breaks were visible) The S/P7T2 program uses the delay-time method to obtain a first-
approximation depth model, which is then trimmed by a series of ray-tracing and modecl

- adjustment iterations to minimize any discrepancies between the picked arrival times and
corresponding times traced through a 2Y2-dimensional model. Arrival times at two geophones.
scparated by some variable XY-distance, are used in refractor velocity analyses and time-depth
calculations. Using the principle of migration and iterative ray-tracing within the SIP72 program.
forward and reverse seismic rays emerge from essentially the same point on the reflector, thus
requiring the reflector to be planc over only a very small distance. The ray-tracing procedure tests
and corrects the estimated migrated position of points representing the locations of ray entry and
emergence from the refracting horizon and takes into account the dip of the refracting horizon at
those emergence points, therefore enabling accurate representation of steeply dipping horizons.

" For any refraction seismic data analysis. it is important to determine accurate velocitics. The
SIPT?2 program employs several routines for selection of the proper velocities. For the dircet
arrivals through the first layer, the velocity is computed by dividing the distances from each
source point to cach geophone by the corresponding arrival times. These individual velocities are
averaged for each source point and a weighted average is computed. For layers bencath the first
layer, velocitics are computed by two methods:” 1) Regression, in wluch a straight line is fit by
least squares to the arrival times representing the velocity layer and average velocities are
computed by-taking the reciprocals of the weighted average of the slopes of the regression lines.
and 2) the Hobson-Overton method wherein velocities are computed if there are reciprocal
arrivals from two opposing source points at two or more geophones. Final velocities used in the
SIPT?2 inversion process are computed by taking an average of the two methods. As quality
control measures, time versus distance (T-D) plots (which represent velocities) are inspected
along each scismic line relative to reciprocal times. irregularity and parallelism as per ASTM
‘D5777. The refraction seismic data for this project adequate]y met the reqmrcmr,nts of each of
.thesc tests.

lncluded within this report arc a borchole and seismic line locatlon map and clevation and depth
versus distance refraction seismic sections for each line with annotated average velacities for each
layer. Also included is a CD with output from the S/P°T2 program that includes velocity analysis
tables, T-D plots indicating the picked arrival times, and modeled elevations and depths bencath

" each source point and geophone. Note that the distances in the modeled results have been
corrected for horizontal foreshortening (i.c., corrections are made to obtain true horizontal

S. M. Stoller Corporation Crescent Junction Seismic Rippability Inv estigation
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~ positions). The modeled results are used to construct the elevation and depth sections. and are in
Microsoft-Excel format for future clicnt use if desired.

RESULTS

According to Stoller, the geology of the project area consists of essentially three layers. The near
surface is alluvial overburden composed of unconsolidated silt, clay, and sandstone fragments.

. Beneath the alluvium is weathered bedrock, or weathered Mancos Shale, composed of fractured.

chemically weathered, siltstone, silty sandstone or clayey siltstone of variable thickness. The
weathered layer is ofien highly fractured with calcite and gypsum fracture coatings. The Mancos '
Shale is present bencath the weathered layer and is mcrcasmglv competent with depth. Although
the Mancos Shale appears to be a great shale mass, it is not one homogeneous unit. According to
available lithologic logs for the boreholes within the project area, the Mancos Shale seems to be
described as consisting not only of shale but also some sandstone la)ers and what has been termed
a silty claystone. The lithologic logs getierally indicate variations in the composition of the
unweathered Mancos Shale near its top with increasing shale constituents with depth.

Interpretation of the refraction seismic data indicates three layers, representing alluvial
overburden, weathered Mancos Shale and competent Mancos Shale. Table 1 indicates the range
in velocitics and depths for cach line. The first layer velocities range from about 1160 to 1330
feet per second and are consistent with typical unsaturated alluvial overburden values. The
second layer velocitics range from about 4060 to 5220 fect per second and represent typical
values for weathered niaterial such as the Mancos Shale. The variation in velocity values for the
interpreted weathered Mancos Shale is probably related to the degree of fracturing and the
amount of calcite and/or gypsum coating of the fractures. The higher velocitics may have less
fracturing or the fractures may be coated with an increased amount of calcite and/or gypsum. It is
not possible from the seismic results to determine which scenario exists. The third layer, or
competent Mancos Shale bedrock, velocities range from about 9000 to as high as 10000 feet per
second with the majority of the velocity values in a range from about 9000 to 9400 feet per
second. Velocity variations of the interpreted Mancos Shale bedrock are considered relatively
minor and probably related to slight changes in composition of the bedrock or some amount of
fracturing. Velocity variations are present along the intersecting scismic lines at each borehole,
but generally than about 5% which is rcasonable given that the velocity values are averages and
the subsurface g gcology is variable (as ewdenced by changes in the lithologic Iog,q between
boreholcs)

The thickness of thc overburden layer (or the dcpth to the top of laycr 2 which is interpreted as
weathered Mancos Shale) ranges from about 4% to 18 feet, while the depth to the top of layer 3
(or interpreted unweathered Mancos Shale bedrock) varies from about 24 to 60 feet. The tie
point depths between intersceting lines at each borehole are gcnerall) less than about 5% which is
~ considered reasonable and quite acceptable for seismic surveys. Depth values at intersecting
points from lines oriented in different directions often vary because of anisotropy within the
subsurface geological formations. Anisotropy is defined as a variation of a physical property
(e.g., velocity) depending upon the direction in which it is measured. In general, surface
refraction seismic data have shown a 10% to 15% variation between the actual depths to velocity

S. M. Stoller Corporation . Crescent Junction Seismic Rippability Investigation
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layer anomalies, as verified primarily by geophysical borehole loggmg,, and the depth predlctcd by
the models.

Table-1: Summarv of interpreted velocities and depths
Line Layer I velocity | Layer 2 velocity | Layer 3 velocity || Depth to top of | Depth to top of

(ft/s) (R/s) (ft/s) layer 2 (1t) layer 3 (f)

20INW-SE | 1230 . 4218 - 10005. 4.5-15.1 343 - 587
202SW-NE - 1305 4305 9353 11.3-17.1 31.5~-53.0
204NW-SE i 1334 4674 9035 8.0~ 149 404 - 61.1
204SW-NE - 1206 4705 9399 -10.1 — 18.1 40.5 -59.3
206NW-SE 1308 5221 9380 9.9 - 16.0 20.5-46.8
206SW-NE 1281 5169 9479 7.7 -15.2 25.4-47.5
207NW-SE 1159 4195 9011 7.1 -14.3 26.7 -49.1
-207SW-NE 1228 - 4061 0021 : 59-15.0 28.9-45.9
208NW-SE 1260 4430 9676 11.0-14.5 33.3-488
208SW-NE 1191 4633 9805 | 9.0-136 23.4-484

Inspection of either the elevation or. depth sections indicates that the subsurface is far from planar,
with some areas showing signs of possible incised bedrock channels (e.g., particularly possibly
both lines at borchole 208). Because both the first and last approximately 30 to 50 feet. or more,
of the scctions have less forward and reverse raypath coverage (refer to the T-D plots), results in
thosc arcas should be viewed with some caution. Nevertheless, subsurface depth variations are
present along each of the seismic lines.

‘ _ According to Caterpillar’s ripping charts, shale is considered rippable at seismic velocitics ranging
{ ) up to about 6000 to 10200 feet per second for tractor models D8 to D11, respectively. Rippable
velocities are slightly different if the subsurface material is composed more of a siltstone (up to
about 6500 to 9900 for a D8 to D11 tractor, respectively). Referencing the ripping charts from
- Caterpillar, it is reasonable to assume that all of the interpreted layer 2 or weathered Mancos
Shale can'be ripped with a tractor as small as a D8 (note that the Caterpillar ripping charts are not
available for tractors smaller than a D). Ifit is necessary to rip the interpreted competent
Mancos Shale bedrock. with velocitics interpreted to be greater than 9000 feet per second, it will
be necessary to employ a D11 tractor. :

Although the seismic survey covered only a very small portion of the proposed Crescent Junction
Disposal Site it is reasonable to assume that excavation in the proposed site will be impacted by
the variable weathered and unweathered bedrock depths. Although the author of this report is not
awarc of the design depth of the, proposed disposal site excavation, if it is say 40 feet then there
will be areas encountered with much higher velocity material at depth which will require either
larger rippers or other means of excavation. For example, if material is ripped along the borehole
207 SW to NI seismic linc to a depth of 40 feet materials with average velocitics of around 4000
and 9000 feet per sccond will both be encountered. Obviously, a D8 tractor would not be able to '
rip to a depth of 40 feet along the entire length of this line.

S. M. Stoller Corporation . Crescent Junction Scismic Rlpp.lbllll) Investigation
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W)

LIMITATIONS OF INVESTIGATION

Although a refraction scismic investigation is the most cost-effective way to determine rippability
of material in a project area (versus sporadic boreholes that offer only locahzed information), it
must be realized that according to Caterpillar ripping is still more art than science. and much will
depend upon operator skill and experience. Caterpitlar states in their Handbook that teoth
penctration is often the key to ripping success, regardless of seismic velocity. Low seismic

~ velocities in sedimentary rocks can indicate probable rippability. However, if the fractures and

bedding joints do not allow tooth penetration then the material may not be ripped effectively.
Pre-blasting or “popping™ may induce sufficient fracturing to permit tooth entry.

. This survey was conducted with state-of-the-art instrumentation operated by experienced
‘geophysicists, the data were processed by an experienced and licensed geophysicist with a

commercial software package utilized on projects with similar objectives, and the results were
interpreted by an experienced and licensed geophysicist. - However, no warranty, either expressed
or implied, is made as to the usability of the resulls of this survey. Additionally, the ripper’
performance charts developed by Caterpillar are intended for estimating purposes only and neither -
Caterpillar Inc. nor Hasbrouck Geophysics. Inc. warrant that the tractors mll perform as
cstimated.

REFERENCE

Caterpillar Performance Handbook, Edition 30. October 1999, Use of Seismic Veloczty Charts,

. pp- 1-71 to 1-78.
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Inits snmplcst fonn the delay time method involves measurement of the time of arrival

of a seismic wave at two geophonc locations separated by a distance D. The description .
- of the method and the- proccdures employed to accomplish the measurements as sct forth

~ in the above reference report are in accordance with standard industry practice. Itisa
limitation of the method that in order to measure the seismic velocity of succcsswcb
decper units, the seismic velocity must increase sequentially with depth, as stated in the .

' report. This is usually the case in the most frequently encountered field situations, but
low velocity, or reversal situations are encountered on occasion. Low vclocuy rev emals .
do not appear to occur at the Crescent Juncuon site. -

'Ihe hlhologc section and thc depth ofmvcsuganon were spectf ed by Stoller The near
surface section was determined by careful logging of core and cuttings from boreholes .

Tocated throughout the planned repository. Selected borcholes formed the centers of the

seismic refraction spreads as shown in the Borehole and Seismic Linc Localnon Map

‘included with the subject report. ‘The refraction surveys were intended to eéxtend the la}ér :

thickness information for approximately 250 ﬂ in four orthogonal dxrecuons from the
borehole. :
Field Data Acquisition

The équipmcnt referenced in the subject rcpon was inspected during a visit to the field
operations on October 29. The equipment was found to be as spcuf ied, and to be in good

working order.. Field conditions were less than optimal. Heavy rainis had turned the arca

into a quagmire; nevertheless, the field crew was able to bring cquipment into the arca -
and proceeded with the survey with only mlmma] interruption caused b) the ad»ersc mad
" and access conditions,

Field work for the survey was conducted October 2‘) and 30, 2005. It was observed lhdl
all field activities were conducted in a professional and workmanlike manner. Prior to
commencement of operations, the field crew was bricfed on health and safety issues by a
Stoller representative, and a Health and Safety Plan was provided to the crew. The
briefing was atiended by this reviewer. Requirements of the plan, including clothing
spccnﬁcauons were carefully observed by all field personnel.. In accordance with plan

" _requirements, any soil that became even slightly contaminated in the course of the ficld

~ activities was removed from the site and disposed of in accordance with apphcable
procedures and regulations.

This reviewer participated in onc day of the ﬁcld operations and noted that thc; were
conducted as described in the report. Field work was conduct by a crew provided by Bird
(xcophysucs in accordance with survey design specifications developed by Hasbrouck

Geophysics. The crew was obviously well trained and performed all assigned tasks with )

competence and in a professional manner.
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Upon locating the center of the refraction spreads referenced in an expanded version of
the “Borehole and Seismic Line Location Map” included in the report, two orthogonal
survey lincs were extended in a NE-SW direction and a NW-SE direction. The lines

~were run by chain and compass; markers were placed at 10 foot intervals for a distance of
270 fiin the four directions from the center point. Every fourth marker from the center
was identified so that its position could be surveyed later to the required accuracy. Since

. the termain was open and unencumbered by vegetation, lhc entire line could be viewed
from vantage points along the linc. Lines were visually dctcrmmcd to be straight along

the Ieng,th of the chamcd mtcrval : : .

(JCO[)hOﬂCS were placcd at cach IO foot marker. All gcopbom:s in a lincar string were
“connected to the Bison 48 channel sc:smog,raph with Marl\ l’mducls geophone cables.

Seismic signals were gcncratcd by the accelerated wenghl drop hammer mentioned in the
report. A 200 Ib metal bar is raised against compressing springs, and is thus accelerated
downward to strike an alummum plate placed on the ground at the shot pmm The
hammering operation started at one end of the line, and continued at various pomts along
the spread as stated in the rcport. This is standard “shooting” procedure for scismic

refraction surveys. The multiple shot pomts allow numecrous depth and velocity
determinations at various points along the spn:ads and pcrmn averaging and
compensation for anisotropy and dip, since the seismic ray path can be observed in
opposite directions. This procedure enables production of a much more detaited and
represcntative velocity-depth section than would he posslble if only a single shot point
was employed.

chcral (up to six) “shots™ or hammer blows were taken at each shot point, allowing the
seismic sugnals at cach geophone location to be stacked. This procedure increases the
signal to noise ratio. As pointed out in the report, scismic waves that arrive at a

' g,cophonc at the same time following a hammer blow are uddlmc to the signal; random
noise or seismic srgnals for which the stnkc instant is incorrect arc destructive and will
not augmcnt or enhance the initial seismic sq,nal On complehon of the stacking activity,
a msmog,ram W’lS pnnted in the f cld for mspecuon and quahty assumnce purposes :

On lhc mmpktlon of the feld sur\c) day, dxgltal data sus w.rc forwardcd to Hasbrouck
Geophysncs for pracessing and analysis. The data were proccsscd by Hasbrouck

. Geophysics using the SIPwin software from Rimrock Geophysics. This pmccssmg _
“software is state-of-the-technology for Réfraction Seismic Data Processing. Given the - -
sofiware capabihucs and the ficld proccd\m:s cmpk)}ed, Hasbrouck Geophysics was able ,
to calculate seismic vclocmes over very short refractor dxstanccs Velocities were =
calculated using both the’ regression and llobson-Ovcﬂon methods. This pmccssmg
combination adcquatcly deals with the cffects anisotropy, and the distortions mtmduccd
by dipping layers. The resulting depth and velocity caleutations were then employed to
producc the very detailed velocity/depth sections included with the subject report.

202 North Ave., PMB 252 : Page Jof 7
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“Analysis o

,Thc velocities for thc 3 Iaycrs dtscussed in thc n:port ic., allmnum (la)cr l) wcathered
Mancos Shale (layer 2) and Mancos Shale (layer 3) are well wnhm the range expected for -
these materials. - In unconsolidated material such as Laycr 1, seismic velocities are ofien
close to acoustic velocities in air (approximately 1 lOOfps) Considerable variation in the -
measured velocity of Layer 2, (the weathered shale or rcgohth) can be expected - ,
depending on the amount of sand or silt inclusioning and the degree of consolidation
within local areas. As pomted out in the report, wmthenng will not be complete through
the entirc geologic section and the lithologic material is not uniform. As cxpcctcd thc
seismic velocities increase as a funchon of dcpth : ,

The velocity funcuon for all thrcc la) ers undcrlymg the planned rcpos:tor) is wcll
illustrated by the ttmc—dlstancc (T-D) plot for one of the survey lines at borehole 204 A
copy of the T-D plot is attachcd hercto. The hgurc provides a visual indication of the
seismic velocity for the various laycrs Generally, the flatter the curve on the T-D plot,
the higher the velocity. A segment of the T-D plot that is continuous over a measurable S
interval indicates an identifiable layer. ‘A simple estimate of the velocity associated with ‘ )
 this interval can be made by dividing the distance interval D by the difference in arrival

time (T) on the T-D plot. Of course the actual final detcnmnatlon of the depth associated
with this interval involves a constdembl) more complcx calculatlon, as has been _—
discussed peripherally in the rcport S

Limitations

The purpose of measuring the scismic \clocmw of the layers underlymg the pfoposed
mill tailings repository was to estimate the nppablhty of the underlying lithologic units. -
Hasbrouck Geophysics has developed depth and velocity sections for all of the surv ey ed
lines that show the lithologic layers to depths of 50 to 60 feet and the measured scismic
velocitics within these layers to the accuracy that i is achievable wlth the cqmpmcnt and
methodology employed. However, the relationship of these vmeasured seismic velocities -
" to rippability of a particular unit is émpmcal not an engincering certainty. Caterpillar.
- Inc. and others involved with heavy equipment operations have observ ed an apparent -
relationship and have pubhshed charts and graphs showing the nppmg, capahllttnes of
~ certain tractor models for various geologic material with a range of seismic vclocmcs
However, there are many other factors that contribute to rippability, such as the degree
and orientation of fracturing. Although the nppablht) charts publlshed by Caterpillar
Ine. rc.prcscnt that material with a seismic velocsty ina octtam range is usually withinthe . -
: nppmg capabthty of ccrtam tractor typcs |t |s not an cngmeenng ccrtamt) that this is the

- 202 North Ave.. PMB 252 L " pPagedof7
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Accordingly, ahy decision to employ a certain type of equipment based on the velocities
provided in the subject report must be taken on the basis of the excavation contractor’s

own knowledge, and not on statements or implicd statements in the report. The velocities

and layer thicknesses provided in the report are valid within the accuracy of the seismic
refraction method, and are reproducible by similar suncys Nevcnhcless, the
relanonshlp of these in-situ measured velocities and the suitability of a specific tractor
model for ripping a geologic unit with these velocities is strictly empirical and may vary
from that presented in the rippability charts provided by Caterpillar Inc.

Conclusions

The subject report provides seismic velocities and the thickness of layers underlying the
proposed tailings repository to a depth of about 60 ft or more. The sections showing
these dcpths and velocities provided in the report were produced by means of a refraction
seismic survey that was conducted in a professional and workmanlike manner, employing
equipment that was suitable to the task. The measured interval velocities, unit
thicknesses and variations to be cxpcclcd are accurate to within the limitations of the
current state of refraction scismic lcchno!og) The statement in the report that measured

) velocities are accurate to within 10 per cent is probably overly pessimistic; the accuracy
of the measurements is probably much closer to 5% or less. General experience suggests
that the unit thickncsses stated in the report are accurate to within 10% or better.

As stated in thc. report, the suuabxht} of selecting eqmpmcnt based on the reported

- velocities is based entircly on the experience of Caterpillar Inc. Nothing in the subject
report should be construed as an endorsement of the suitability of a particular tractor
model for ripping and excavating applications at the Crescent Junction rcpositor) This

decision must be taken on the basis of the excavator’s own experience’ with ripping
machinery in apphcahons w hcrc seismic \clouues arc known.

Respectfully Submitted,

H. David Mac Lean, P, Geoph.

HDM/hdm
Encloshre_s: o
Borchole 204 N to SE Time-Distance pl'ot
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Statement of Qualifications

. David Mac Lean is a Regmercd Professional GCOph)SlCIS( in the State of Californa,

Rcystrahon No. 440 and in the Province of Alberta, Canada, Regxs(rauon no.M15724.

Mr. Mac Lean has beena pract:cmg geophysicist for over 35 years.

' ,Mr Mac Lcan has ;,amcd cxpcncnce with the seismic mfmctlon method while engaged
“in apgregate: mappmg, activitics in the Beaufort Sea, and in laying out seismic surveys for

oil explorauon in Alhcrm Canada.

Mr. Mac 1 .can is an emeritus member of the Society of [.xploranon Geophysicists, the
Canadian Exploration Geophysical Society, The Australian Society of Exploration
Gcophs:cnst the Society for Mining and Metallurgy of the American Institute Mining
Engineeting and other technical and professional societies dedicated to the advancement
of g g,cophysac:, Mr. MacL.can is a frequent attendee at conventions, trade shows and
seminars dedicated to geophysical technologies.

202 North Ave, PMB 252 Page Tof 7
Grand Junction, CO $150). Phone/fax: 970-242-1649 :







Jun=12-06 0i:38pm  From-WFG, Iﬁc. Ft. Collins . T-846  P.004 F-248

g U.S. Department of Ener gﬁrand ..Ium:ticmI Colorado

Calculation Cover Sheet |

| Cale. Nn. MOA-02-03-20064-07-00 Dlsclplme' Geotechnical Properlies No. of Sheets: 2
Pro]eot: “Moab LIMTRA Projact

Sita: - Creseent.lunctlpn, mnh

]

Feature: ~ Seismic Rippability investigation

Sources of Datn:

I 'Sources of Farmulas and References'

Hasbrouck Geophysles, inc., 2005 C‘rescent Junctlon Dtsposal Site Selsmlc Rlppablm Invasn’gadon. Final
Report, November.

| Mac Lean, H. D., 2005, "Review of Salsmk: Flppabmty Investigation Report”,Novamber.

) Prallmlnary Calc. D --Fln'al Ca!n.. ['_'] o Supersades Calc. No. C
Author' 2; H"':l :Qe nb‘/ry / chockedby' . ../ . ' -)—-dé '
. - Name . - Dam
.Ammwgzié@ég ",9-1 Gyloed_Gose
o » ", 'Ob Date
k-) Nama - T Bata

| mm /J-@u‘t crzm (3 /0F

, - AR CR S
JUN-12-2006 02:03PM  FAX: ID:SM STOLLER . PAGE:884 R=100%




Problem Statement:

Preliminary site selection performed jointly by the U.S. Department of Energy (DOE) and the Contractor
has identified a 2,300 acre withdrawal area in the Crescent Flat area just northeast of

Crescent Junction, Utah, as a possible site for a final disposal cell for the Moab uranium mill tailings. The
proposed disposal cell would cover approximately 300 acres. Based on the preliminary site-selection
process, the suitability of the Crescent Junction Disposal Site is being evaluated from several technical
aspects, including geomorphic, geologic, hydrologic, seismic, geochemical, and geotechnical. The
objective of this calculation set is to present results of the rippability investigation based on seismic
refraction activities at the Crescent Junction Disposal Site.

This calculation will be used in the Remedial Action Plan and Site Design for Stabilization of Moab Title |
Uranium Mill Tailings at the Crescent Junction, Utah, Disposal Site (RAP), and summarized in the
appropriate sections of the Remedial Action Selection (RAS) Report for the Moab site.

Method of Solution:

A refraction seismic survey was conducted along 10 seismic lines centered on existing boreholes at the
Crescent Junction Site to assist in evaluation of suitability of the site for disposal of the Moab tailings. The
purposes of the seismic surveys were to determine the seismic velocities of weathered and unweathered
Mancos Shale deposits that underlie the site and relate those velocities to the rippability of the subsurface
materials. The refraction seismic method is routinely used for rippability investigations. Data collection
and analysis methods for this project were performed in accordance with the Standard Guide for Using
the Seismic Refraction Method for Subsurface Investigation ASTM Designation: D 5777-00.

The Final Report of the Crescent Junction Disposal Slte Seismic Rippability Investlgatlon is in Appendix A
and a revuew of this report is in Appendix B.

Assumptions:

N/A

Calculation:

N/A

Discussion:

Seismlc velocities and the thlckness of Iayers underlymg the proposed dlsposal celitoa depth of
approximately 60 feet, produced by means of a refraction seismic survey, have been provided in the
report. This information will be used to determine optimal and economic depths of excavation for . -
construction of the disposal cell at the Crescent Junction Site. The suutabnlnty of selecting equipment
based on the reported velocities should be based on the excavators experience with ripping machinery

where seismic velocities are known. Data in this report will be used in makmg these determinations during
the conceptual desngn phase of the dlsposal cell. .

Condusiori and Ret:ommendations'

Use of this information in the conceptual deS|gn of the dlsposal ceII atthe Crescent Junction will be
incorporated into appropnate sections of the RAS and other desngn documentatlon

Computer Source:

N/A

U.S. Department of Energy ’ " Seismic Rippability Investigation
May 2006 ) Doc. No. X0173000
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INTRODUCTION

Refraction seismic surveys were conducted for S. M. Stoller Corporation along ten seismic lines
centered on cxisting borcholes at the proposed Crescent Junction Disposal Site to assist in the
evaluation of the suntablllty of the site as a final repository for the Moab uranium mill tailings
The purposes of the seismic surveys were to determine the seismic velocities of weathered and
- unweathered Mancos Shale deposits that underlie the site and relate those velocities to the
rippability of the subsurface matcrials.

The refraction seismic method is routinely used for rippability investigations. Caterpillar Inc. has
prepared charts that relate seismic velocities to different sized rippers. For typical refraction
seismic rippability investigations a seismic velocity versus depth or elevation profile is generated
along each survey line and then the velocities are related to the Caterpillar charts so that a proper
ripper can be selected by the construction contractor. Two types of refraction seismic surveys
may be conducted to ascertain the rippability estimates of the subsurface: .two-dimensional (2D)
tomography and delay-time. The 2D tomography method offers a more detailed and gradational
section of the subsurface seismic velocity, but takes a little more time in the field and thus is
slightly more expensive. The delay-time method offers only a layered and averaged velocity
section, but may be more familiar to construction contractors since it has been in use for a much
longer time than 2D tomography. Stoller selected the delay-time method for this project.

This seismic survey was a joint effort between Bird Seismic Service, Inc. of Globe, Arizona and
Hasbrouck Geophysics, Inc. of Prescott, Arizona Bird Seismic acquired the seismic data using
the survey design prepared by Hasbrouck Geophysics, while Hasbrouck Geophysics processed -
and interpreted all the data and prepared the final repont. This final report will be reviewed by
Mr. H. David MacLean of Grand Junction, Colorado. Ken Bernstein is president of Bird Seismic
Services, Inc. and may be reached at ken@bridseismic.com or 928-719-1848. "Jim Hasbrouck is
president of Hasbrouck Geophysics, Inc. and may be contacted at jim@hasgeo.com or 928-778-
6320. Dave MacL.can is available at 107770. 3066@compuserve.com or 970-242-1649.

DATA ACQUISITION .

Seismic surveys essentially consist of recording seismic waves that have been generated by
artificial sources, obscrvmg the amival times of these waves, and producing cross-sections of
variations in subsurface seismic wave velocities that can then be related to geology. The source
of seismic encrgy for surface surveys is pnmanly dependent upon the target depths and local
geolog,y, and for relatwcly shallow surveys is generally either a sledgehammer or weight-drop
system. The seismic waves are detected by geophones in surface surveys. A geophone consists
 of a coil suspended by springs with mag,nets build into the case. A seismic wave moves the case
and the magnets while the coil remains relatively stauonary because of its inertia. The rélative
movement of the magnetic field with respect to the coil generates a voltage across the coil that is
proportional to the velocity of the seismic wave. The electrical voltages produced by the
g,eophones are transmitted back to a recording instrument (seismograph) via cables.  In refraction
seistnic surveys it is necessary, accordmg, to Snell’s Law, that velocities increase with depth so
that the refracted seismic waves can be detécted on the surface. For refraction seismic surveys in

S. M. Stoller Corporation Cresccnt Junction Seismic Rlppablht) Investigation
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most sedimentary environments it is typical that velocities increase with depth (i.e., there are no
velocity reversals) and it is assunted that this is the casce for the Crescent Junction Disposal Site,

According to Stoller, the depth to weathered bedrock in the project area i$ assumed to vary from
two to approximately 25 feet. Unweathered bedrock may be deeper than 50 feet thus the
refraction seismic survey is designed to investigate to depths somewhat greater than 50 feet using
the standard rule-of-thumb for refraction seismic surveys that the first geophone to “sce™ a
refraction from a layer will be at a distance of threc to five times the expected depth. For
example, if an investigation dcpth of 60 feet is desired then the first geophone to see a refraction, -
if present, from that depth will be at 180 to 300 feet along the line of geophones, or spread, with
the larger distance applicable to areas with gencrally slower velocitics. n order to accurately map
‘the deeper horizons, several geophones must be beyond the initial geaphone that records the
deeper refraction thus a geophone interval of 10 feet with 30 feet far offsets (resulting in a total
spread of 500 feet) is used for this project.

The refraction seismic data for this project were acquired with a 48-channel Bison 9048
seismograph with 21-bits of dynamic range, 250 milliscconds (ms) record lengths, and 0.25 ms
sample intervals with Mark Products 10-Hz geophones implanted approximately three inches into
the ground at intervals of 10 feet along cach line. The seismic source was an Elastic Wave
Generator (EWG) accelerated weight-drop mounted on the back of a 4x4 pickup and consisted of
a 207-pound weight that was lified hydraulically against large sprmg,s and then released resulting
in a force much greater than the weight itself. - For each seismic line data from a minimum of
eleven source points were acquired (seven within the spread nominally between geophones 6 and
7,12and 13, 18 and 19, 24 and 25, 30 and 31, 36 and 37, and 42 and 43, and off each end at
distances of 10 and 30 feet). The geophone distances were initially measured with either a tape or
takeout intervals on the geophone spread cable and after completion of data acquisition every '
fourth geophone and each offSet source point was surveyed to at lzast centimeter accuracy by a
contractor to Stoller. Because the surface topography change was minor and the seismic lines
were relatively straight it was only necessary to survey the coordinates and elevations of every
fourth geophone and then interpolate values for the inlermediate geophones.

The seismic data were stacked nominally four to six times (depending upon offset and noise) at
each source point to increase the signal-to-noise ratio. Stacking, or signal enhancement, involved
repeated source impacts at the same point into the same set of geophones. For each source point.
the stacked data were recorded into the same seismic data file and theoretically the seismic signal
arrived at the same time from each impact and thus was thanccd while noise was random and
ténded to be reduced or canceled. “After recording the data on the hard disk of the seismograph,
 the seismic records were copied to a personal computer at the end of each field day. These data -
were e-mailed nightly from the field to Mr. Hasbrouck and copies of the Observer Reports (field
notes) were faxed at the same time. The quality of the scismic data ranged from very ;,ond to

* excellent depending primarily upon offsct, and identifiable first breaks (first arrivals of seismic
t.nugy) were present along all the lines. - <o
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DATA PROCESSING

The refraction scismic data were processed using the SI/win (version 2.77) set of computer
programs from Rimrock Geophysics Inc., Lakewood, Colorado. The gencral processing flow
consisted of the initial selection, or “picking”, of the seismic first breaks (first arrival of seismic
energy) with the SIPIK program, creation of data files for input into the interpretation program
with the S7P’IN program, and interpretation of the data using modeling and iterative ray-tracing
tu.hmqum with the SIP72 program. A first break was selected as the initial downward variation
of the seismic signal from a horizontal linc and was gcnerally accurate to a time between 0.5 and 1-
ms. To enhance the accuracy of first break picks, the seismic record was zoomed to a time that
only encompassed the breaks themselves (i.c., only the portion of the scismic record where the
first breaks were visible) The SIPT2 program uses the deIA) -time mcthod to obtain a first-
approximation depth model, which is then trimmed by a series of ray-tracing and model
adjustment iterations to minimize any discrepancies between the picked arrival times and
corresponding times traced through a 2'2-dimensional model. Arrival times at two geophones,
separated by some variable XY-distance, are used in refractor velocity analyses and time-depth
calculations. Using the principle of migration and iterative ray-tracing within the SIP72 program.
forward and reverse seismic rays emerge from essentially the same point on the reflector, thus
requiring the reflector to be planc over only a very small distance. The ray-tracing procedure tests
and corrects the estimated migrated position of points representing the locations of ray entry and
emergence from the refracting horizon and takes into account the dip of the refracting horizon at
those emergence points, therefore Lnablm& accurate rcprcsematmn of steeply dipping horizons,

‘For any rcfmctlon seismic data analysxs it is important to dclcrmmc accurate velocitics. T he

SIPT2 program employs several routines for selection of the proper velocities. For the direct
arrivals through the first layer, the velocity is computed by dividing the distances from each
source point to cach geophone by the corresponding arrival times. These individual velocities are
averaged for each source point and a weighted average is computed. For layers bencath the first
laycr, velocitics are computed by two methods: 1) Regression, in which a straight line is fit by
least squares to the arrival times representing the velocity layer and average velocities are
computed by taking the reciprocals of the weighted average of the slopes of the regression lines.
and 2) the Hobson-Overton metliod wherein velocities are computed if there are reciprocal
arrivals from two opposing source points at two or more geophones. Final velocities used in the
S1PT2 inversion process are computed by taking an average of the two methods. As quality
control measures, time versus distance (T-D) plots (which represent velocities) arc inspected
along each seismic line relative to reciprocal times, irregularity and parallclism as per ASTM
D5777. The refraction seismic data for this pmJect adequately met the requirements of each of
these tests.

-.

lncluded within this reporl are a borchole and seismic line location map, and clevation and depth

versus distance refraction seismic sections for cach line with annotated average velocities for each

layer. Also included is a CD with output from the SIPT2 program that includes velocity analysis
tables, T-D plots indicating the picked arrival times, and modeled elevations and depths beneath
edch source point and geophone. Note that the distances in the modeled results have been

-corrected for horizontal foreshortening (i.e., corrections are made to obtain true horizontal

. \
<A
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positions). The modeled results are used to construct the elevation and depth sections, and are in
Microsofi-Excel format for future client use if desired.

RESULTS

According to Stoller, the geology of the project area consists of essentially three layers. The near
surface is alluvial overburden composed of unconsolidated silt, clay, and sandstone fragments.
Beneath the alluvium is weathered bedrock, or weathered Mancos Shale, composed of fractured,
chemically weathered, siltstone, silty sandstone or clayey siltstone of variable thickness. The
weathered layer is often highly fractured with calcite and gypsum fracture coatings. The Mancos
Shale is present beneath the weathered layer and is increasingly competent with depth. Although -
the Mancos Shale appears to be a great shale mass, it is not onc homogencous unit. According to
" available lithologic logs for the boreholes within the project area, the Mancos Shale scems to be
described as consisting not only of shale but also some sandstone layers and what has been termed
a silty claystone. The lithologic logs generally indicate variations in the composition of the
unweathcred Mancos Shale near its top with increasing shale constituents with depth.

Interpretation of the refraction seismic data indicates three layers, representing alluvial
overburden. weathered Mancos Shale and competent Mancos Shale. Table 1 indicates the range
in velocitics and depths for cach line. The first-layer velocitics range from about 1160 to 1330
feet per second and are consistent with typical unsaturated alluvial overburden values. The
second layer velocities range from about 4060 to 5220 feet per second and represent typical
values for weathered material such as the Mancos Shale. The variation in velocity values for the
interpreted weathered Mancos Shale is probably related to the degree of fracturing and the
amount of calcite and/or gypsum coating of the fractures. The higher velocities may have less
fracturing or the fractures may be coated with an increased amount.of calcite and/or gypsum: It is
not possible from the seismic results to determine which scenario exists. The third layer, or
competent Mancos Shale bedrock, velocities range from about 9000 to as high as 10000 feet per . -
second with the majority of the velocity values in a range from about 9000 to 9400 fect per
sccond. Velocity variations of the interpreted Mancoes Shale bedrock are considered relatively
minor and probably related to slight changes in composition of the bedrock or some amount of
fracturing. Velocity variations are present along the intersecting seismic lines at each borehole,
but generally than about 5% which is reasonable given that the velocity values are averages and
the subsurface geology is variable (as evidenced by changes in the lithologic Iogq between
bort.hOk,s)

The thickness of the overburden layer (or the depth to the top of layer 2 which is interpreted as
weathered Mancos Shale) ranges from about 4% to 18 feet, while the depth to the top of layer 3
(or interpreted unweathered Mancos Shale bedrock) varies from about 24 to 60 feet. The tie
point depths between intersecting lines at each borehole are generally less than about 5% which i is
considered reasonable and quite acceptable for seismic surveys. Depth values at intersecting
points from lines oriented in different directions often vary because of anisotropy within the
subsurface geological formations, Anisotropy is defined as a variation of a physical property
(e.g., velocity) dependmg upon the direction in which it is measured. In general, surface -
refraction seismic data have shown a‘10% to 15% variation between the actual depths to velocity
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layer anomalies, as verified primarily by ;:,coph) sical borehole logging, and the depth predicted by
the models.

¢

Table 1: Summary of interpreted velocities and depths
Line a)u 1 velocity { Layer 2 velocity { Layer 3 velocity || Depth totop of § Depth to top of

(fi/s) (fi/s) (fi/s) layer 2 (1) layer 3 ()
202NW-SE 1230 . 4218 . 10005 4.5 - 151 - 34.3-358.7
202SW-NL 1305 4305 9353 11.3-17.1 31.5-53.0
204NW-SE 1334 4674 9035 8.0-149 404 - 61.1
204SW-NE . 1206 4705 9399 10.1 - 18.1 40.5 -~ 59.3
- 206NW-SE ' 1305 5221 9380 9.9 - 16.0 29.5-46.8
- 206SW-NE 1281 5169 0479 7.7-15.2 25.4--47.5

207NW-SE 1159 4195 901 1. 7.0 - 14.3 26.7-49.1
207SW-NE - 1228 4061 9021 5.9-15.0 28.9 -45.9
208NW-SE 1260 4430 9676 11.0-14.5 33.3-48.8
208SW-NL 1191 4633 9805 ' 9.0-13.6 234484

Inspection of cither the elevation or depth sections indicates that the subsurface is far from planar,
with some areas showing signs of possible incised bedrock channels (e.g., particularly possibly
both lines at borchole 208). Becausc both the first and last approximately 30 to 50 feet, or more,
of the sections have less forward and reverse raypath coverage (refer 1o the T-D plots), results in
those arcas should be viewed with some caution. NC\ ertheless, subsurface depth variations are
present along cach of the seismic lines.

Accordigg to Calcrpillar’s ripping charts, shale is considered rippable at seismic velocitics ranging
up to about 6000 to 10200 feet per second for tractor models D8 to D11, respectively. Rippable
velocities are slightly different if the subsurface material is composed more of a siltstone (up 1o
about 6500 to 9900 for a D8 to D11 tractor, respectively). Referencing the ripping charts from

- Caterpillar, it is reasonable to assume that all of the interpreted layer 2 or weathered Mancos

Shale can be ripped with a tractor as small as a D8 (note that the Caterpillar ripping charts are not
available for tractors smaller than a D8). Ifit is necessary to rip the interpreted competent
Mancos Shale bedrock, with velocitics interpreted to be greater than 9000 feet per second, it will

-be necessary to employ a D11 tractor

Althuugh the seismic survc) covcrcd only a very small poruon of thc proposed Crescent Junction
Disposal Site it is reasonable to assume that excavation in the proposed site will be lmpactcd b)
the variable weathered and unweatheréd bedrock depths. Although the author of this report is not

~ aware of the design depth of the. proposed disposal site cxcavation, if it is say 40 feet then there

will be arcas encountered with much higher velocity material at depth which will require either

larger rippers or other means of excavation. For example, if material is ripped along the borehole
207 SW to NE scismic line to a depth of 40 fect materials with average velocitics of around 4000
and 9000 feet per second will hoth be encountered. - Obviously, a D8 tractor would not be able to

tip to a depth of 40 fect along the enurc lgngth of this line.
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LIMITATIONS OF INVESTIGATION

Although a refraction seismic investigation is the most cost-eflective way to determine rippability
U of material in a-project area (versus sporadic boreholes that offer only localized information), it
must be realized that according to Caterpillar ripping is still more art than science, and much will
depend upon operator-skill and experience. Caterpillar states in their Handbook that tooth .
penetration is often the key to ripping success, regardless of seismic velocity. Low seismic .
" velocities in sedimentary rocks can indicate probable rippability. However, if the fractures and
bedding joints do not allow tooth penetration then the material may not be ripped effectively.
Pre-blasting or “popping” may induce suflicient fracturing to permit tooth entry.,

This survey was conducted with state-of-the-art instrumentation operated by experienced
geophysicists, the data were processed by an experienced and licensed geophysicist with a
commercial software package utilized on projects with similar objectives, and the results were
interpreted by an cxperienced and licensed geophysicist. However, no warranty, either expressed
or implied, is made as to the usability of the results of this survey. Additionally, the ripper’
performance charts developed by Caterpillar are intended for estimating purposes only and neither
Caterpillar Inc. nor Hasbrouck Geophysics, Inc: warrant that the tractors will perform as
estimated. - '

REFERENCE -

Caterpillar Pérfomwnce Handbook, Edition 30. October 1999, Use of Seismic Velocity Charts,
pp. 1-71 to 1-78.
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