e

-

NNWSI PROJECT

USGS SCIENTIFIC INVESTIGATION PLAN

SEISMIC REFLECTIO

Principal Investigators

Effective Date

N AND REFRACTION SURVEYS

- W. D. Mooney aad T. M. Brocher

h_;z_@l_'b Dlrmsy 34 /57
incipal Investightor Date

A Dt 3/3/8%
Principal Investigator Date
T. M. Brocher

IV % Ang _
Date (Optional) Technical Reviewer Date
o?o._»._ﬁ% @ Hﬁ? 03/10/%y
ate Chief, Branch of S1 te
~j§¢zu~«- ‘E;’iﬂ*%tftif :ﬂééglg-v
WMPO Technical Date WMPO Quality AssQrance te

" PDR

830}
8804060350 870 IR
WASTE  ppr i,



USGS-51p~32226-01, RO
Page 2 of 39

TABLE OF CONTENTS

1.0 ImonbquN 0000 0000 0PCORCPROODCOENDPOTPCISN0CERNOEPRCEEISERSOPIOCORDNOIRPOIOSPOY s

1.1 Eutpo‘e and Scope $00000000600000000000000000000000000000000 S
1-2 Applic‘tion °£ Results 0000000000000 EEettOROITIEIEORRNRBIROOEOROORES 6

200 MIIONALE mkm STUDY .C'.........0......‘..........'.C.I.;.... 10

2.1 General A@PrOaCh tesscssssessssrssssanssnssnsssnssssssensess 10
2.2 Quality ASBUTANCE Levels scvevrccccvccscoccssccascancssnccses 10
2.3 Other Applicable Information ceecescsecevreccoccsceccsccsccese 1é
2.4 Progtaﬂ Interfaces tesecsscsccessesscssacsasssssnsnvessssnces 14

3.0 DESGIPTION OF ACTIVITIB 088 ¢080220008202¢8090000%080%000008c000a00ss 15

3.1 Deep Seismic Refraction Survey (Death Valley-Beatty
Junction=Sheep Range) eesssecvssesssessssvesssesssssnssevenss 15
3.1.1 Introduction ssssssssesesrvsesssessanssseensssssssess 135
3.1.2. Supporting Activities ceeccevcccecncceconsocsesconses 15
3.1.3 EQUIpDent cescccccsescescccessssnsescsscescnnsocsscece 17
3.1.4 Methods, Procedures, and Quality AsSsurance ccecececeee 17

3.2 Deep Seigmic Reflection Test (Aﬂarﬂo.a Deaett).............. 19
3.2.1 IntroductioB sceccecsscccscccccscsccccssccsssscosscne 19
3.2.2 Suppotting Activities ceecccccescocevcccscosccsscoeees 19
3.2.3 Equipment cecsccassessesessessrsesensssscsscsssessese 19
3.2.4 “ethbdl. PrOCEGuteB, and Q“‘lity ABBUTANCE cecevences 19

3.3 Deep Seismic Reflection Survey (Stovepipe Wells-Bestty-
Crater Flat~Yucca Mountain-Mercury-Indian Springs)eccccccsece 22
3.3.1 Introduction P ]
3.2 Supporting Activities .ceeccccccscscecscccocessnncsess 22
.3.3 mui”ent P00 0 0000800000 00008000000 00000000 OCRRRSROISIITYS 24
+3.4 Methods, Procedures, and Quality ASSUTEDCE cccoeoscee 24

haliov Seisnic Refraction (Bison~type or equivalent)eceececss 26
.1 InttOduCt’-on P00 D GOEBOOCONRPPIRODNNROOGNIRNSOIIIOOEROOOROIPOEIOODS 26
oz SUPportins AC‘!Vitie. 0000000000000 5000000000000000F8 26
.3 muiment [ A AR RS R E R RN NN A N R N R R NN RN RN NN NN 26
«& Methods, Procedures, and Quality Assurance .eeececeece 26

3
3
3
3.4 §
3.4
3.4
3.4
3.4

3.5 Shallow Seismic Reflection (Mini-Sosie or equivalent)eecececes 29
el INtroduction sececsscoccscrcccscsscsssessssesscsccecs 29
o2 Supporting Activities ceececcvcscevccctccncscnccscccss 29
o3 EQuipment ccccccscceccscscccnsscsccssscsscsscnnsscnns 29
S.4 Methods, Procedures, and Quality Assurance .cececceee 29

3.5
3.5
3.5
3.
600 smmmumsm“s PG PCEOCOSGICNINOIONNRSICGQRIROIBOIOCOIPINPRPIOOROOGPOONOSIOIOEOSOEEPOTO 33
smcrm BIBLIOMHY ‘..............O...I..'......I.................; 37

APPENDIX A = QUALITY ASSURANCE LEVEL ASSIGNMENTS cesescscccvsccsvenses 39




-5

\_/ -/ _ |
USGS-5IP-32226-01, RO

Page 3 of 39
LIST OF FIGURES
Pigure Title Page
2-1 Ceology Work Breakdown Structure Indicating Placement of

the Seismic Reflection and Refraction Surveys to the
NNWSI Work Breakdown STTUCTUTE ccsccescsesosvscavscvessssssse 11

-2 Work Breakdown Structure for Seismic Reflection and
Refraction sutvey‘ eevcscccsccsssvsssansssscsscrcesssossssnses 12

3-1 locations of Proposed Deep Seismic Refraction lLines in the
Vicinity of Yucca Mount8if ceesceccsvencecssccssccccsscensnss 16

3-2 Locations of Proposed Deep Seigmic Reflectfon Test in the
. Aﬂ&rsoa‘ DEBELIL cesvesssccssssnonscssssvssssanssssncssssnssss &0

3-3 Locations of Proposed Deep Seismic Reflection Surveys in
the v‘ctﬂity of Yucca Mount8if ceseeccecccccecccscccsnscceces 23

34 locations of Proposed Shallow Seismic Refraction Surveys
in the Vlcinity of Yucca Mount8in .cecceccccecccescccscscccses 27

3-5 Locations of Proposed Shallow Sefsmic Reflection Surveys
at Yucca Mountain ocecesccecccccesscsscsocssocssccscsosssssnaes 30

4-1 Summary Logic Network for the Seismic Reflection and
Refraction suﬂey‘ [ AR A XA RN R A RENERENNNNRNRNNNNEENNNNNSE XN NN N NN Y] 34

§-2 Gantt Chart Summary of Activities Associated with the
Seigmic Reflection and Refraction Sutveyﬂ eesvsesesssesssncsee 35



USGS~-SI1P-32226-01, RO

Page & of 39
LIST OF TABLES
Table Title Page
1-1 Study Location within the SCP Issues Hierarchy,

my 10. 1986 0000000000000 000800000000000R0CE00CCCRROIOICEOPSIORIGTS 7-8

1-2 SCP Information Needs which ugse the Study Results in
Design and Performance Assessment Analysis,
JUly 10. 1986 PO 8B OO0SCOIEROESIBOEPTIOEOCROOOOCIOSINOIRDRDOOCEOINDNOOIBOOROITSES 9

3-1 Methods and Technical Procedures for Deep Seismic
Refraction Survey (Death Valley-Beatty Junction-Sheep

R-lnxe) .....'l......l....I.........'........'......'.......O. 18

3-2 Methods and Technical Procedures for the Deep Selsmic
Reflection Test (Mltaoﬂ‘ De‘ert)cooooon-coooooo.oo-oo.oooo-o 21

3-3 Methods and Technical Procedures for Deep Seismic
Reflection Survey (Stovepipe Wellg-Beatty-Crater Flat-
Yucca mmtliﬂ‘ﬂercurv"hdi‘n Spti.nga deececnsonsassevecssssee 25

3-4 Mathods end Technical Procedures for Shallowv Seismic
Refraction (Biaon-type or equiv&lent)..............-...-..... 28

3-5 Methods and Technical Procedures for Shallow Seismic
Reflection (Mini-Sosie or equiv&lent)'o.ooo-ooooooooooocooooo a

4=} List of Reports Ildentified for the Seismic Reflection _
and Refraction S“ney‘onooooooooooooooooooooo.oooooooooooo..o 36



USGS~S1P-32226~01, RO
Page S of 39

1.0  INTRODUCTION

1.1 Purpose and Scope

The seismic reflection and refraction surveys will provide detailed
information on the subsurface geologic framework at and pear the NTS.

lateral discontinuities in the seismic reflection and refraction profiles
will be evaluated to (1) define the crustal structure within and adjacent to
the Walker Lane in the vicinity of NIS, and i{f one or more throughgoing wrench
feults sre found, to establish their location with respect to the NTIS, and
their geographic and genetic relationships to detachment faults and
1fetric-normal faulte; (2) characterize the crustal velocity structure and
define lateral inhomogeneities in that structure in the NIS region; and (3)
trace the 5~ and 10-seconds events found on Death Valley COCORP profiles
through the NIS region, and 4f possible, to trace reflections from the upper
and lower carbonate aquifers, the Precambrian-Cambrian Pahrump Group and
Roonday dolomite, and the Proterozoic basement through the area of the
projected continuation in the subsurface of the Las Vegas Valley ghear zone.

Potential reflectors include the mid-crustal, ductile~-brittle transition
zone, found at about 5 seconds depth (two-way sonic travel time) in Death
Valley (DeVoogd and others, 1986), the mylonitic detachment-bounded upper
surface of the Precambrian, exposed in the northern Amargosa Desert, the upper
" and lower carbonate aquifers with the Paleozoic (Winograd and Thordarsoam,
1975), and the Miocene-Paleozoic contact in the Yucca Mountain region. Deep
‘reflection seismology, supplemented by gravity and magnetic surveys, should
define the lateral extent, continuity, and depth of these features, thus
constraining the location and character of the Walker lane geologic boundary.
Using Vibroseis (trademark of Conoco, Inc.) methods, the deep seismic
reflection survey will follow primary and secondary roads and extend from
Stovepipe Wells, California to Indfan Springs, Kevada. Shorter cross-profiles
will be included, either to provide three-dimensional coatrol, or to examine
specific structural features.

Significant velocity contrasts may be associated with latersal
discontinuities caused by faulting and tectonism. Crustal velocity structure
will be established using seismic refraction methods. The seismic refraction
survey will include an east-west profile, coincident with the seismic
reflection survey spanning a transect from Stovepipe Wells, California on the
vest to the Sheep Range of Nevada on the east, and three cross-profiles
degigned to provide information on the north-south dimeasion.

Shallow seismic surveys, both reflection (Mini-Scsie or equivalent) and
refraction (Bison-type or equivalent) will be conducted to establish
continuity in the subsurface of fault segments cbserved at the surface of
Yucca Mountain and vieinity, and to determine the depth of alluvium in canyons
and/or portions of canyons not covered by boreholes.
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1.2 Application of Results

The location and definition of all Quaternary faults and fault gystenms,
at or proximal to the proposed repository at Yucea Mountain, is a primary
cbjective of the shallow selsmic reflection and refraction surveys. The
objectives of the deep seiszic refraction and reflection {nvestigations are to
characterize the subsurface geologic framework of the entire crust and upper
mantle in the vicinity of Yucca Mountain. Seismic profiles along with data
acquired from gravity and magnetic surveys (Gravity and Magnetics, WBS
1.2.3.2.2.1), magneto-telluric surveys (Electro and Electromagnetic Methods,
WBS 1.2.3.2,2.6), and remote sensing surveys (Remote Sensing, WBS 1.2.3.2.2.5)
will establish & subsurface geologic framework required for studies conducted
under tectonics and volcanism (Tectonics and Volcanism, WBS 1.2.3.2.3.1).
Shallov seismic surveys descridbed in Sections 3.4 and 3.5 will be conducted to
determine the depth of alluvium in canyons (Infiltration and Shallow UZ
Hydrology, WBS 1.2.3.3.4.2).

Characterization of the stratigraphic sequence within the site area (Site
Geology, WBS 1.2.3.2.1.1) will also draw inforamation from seismic
investigations. Seismic refraction surveys have been used in the Yucca Wash
area to determine significant velocity contrasts that may be associsted with
differing lithologies in the Paleozoic section, or with abrupt lateral changes
in 1lithologies caused by strike-slip faults {n the vicinity of the gteep
gradient in the potentiometric surface north of USW G-1. Seismic reflection
surveys will be useful in studying structures that may be used to trace
{ndividual faults by studying the lateral continuity of any well-defined
reflecting horizons.

The spplication of these results will be used in satisfying, in part, a
specific information need of the SCP {esues hierarchy, namely Information Need
1.19.2 concerned with whether data collected in order to describe future
tectonic processses or events provide the information required by the design
and performance issues. As illustrated in Table 1-l1 this information need
supports the resolution of lssue 1.19 concerned with the regional tectonics
necessary for the design assessnent analysis. This information need also
supports the resolution of Issue 1.13 concerned with characterizing the
unsaturated zone hydrologic systen.

The results of the gelsmic investigations will be used {n analyses of
repository design. Table 1-2 lists the SCP design and characterization
information needs that will directly use the {nformation developed by this
investigation. The investigations will provide geophysical information to
evaluate the tectonic setting and structure and potential for fsult movezents
in the vicinity of Yucca Mountain necessary for the design of the repository.
The investigations will also provide information on the configuration of
alluviel cover for the purposes of hydrology infiltration studies.
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Table 1-1. Study Location within the SCP Issues
" Hierarchy, July 10, 1986.

Issue 1.19. Do the data collected in order to describe future tectonic
processes or events provide the inforaation required by the
design and performance fgsues?

Information Need 1.19.2 - Nature and Rates of Tectonic Processes, Including
Faulting, Folding, Uplift and Subsidence, and
Seignmic Activity

Study 1.19.2.1 - Investigation of Wrench Faulting Along Geologié‘
Province Boundary (Walker Lane)

Activity 1.19.2.1.1 = Evaluation of the Nature of Geologic

Boundary and Locatifon with Respect to
NTS

Deep Seismic Refraction Survey (Death Valley-Beatty
Junction~-Sheep Range)

Deep Seismic Reflection Survey (Stovepipe Wellg-Beatty-
Crater Flat-Yucca Mountain-Mercury-Indian Springs)

Deep Seismic Reflection Test (Amargosa Desert)

Study 1.19.2.2 - Investigation of Left-Lateral Strike~Slip
Faulting on Northeast~Trending Syatenms

Activity 1.19.2.2.1 = Evaluation of the Rock Valley Fault
Systea

Shallow Seisaic Refraction Survey (Bisocn-type or equivalent)
Shallow Seismic Reflection Survey (Mini-Sosie or equivalent)
Study 1.19.2.4 - Investigation of Normal and Strike-Slip
Faulting on North= to Northwest-Irending
‘Systems
Activity 1.19.2.4.3 - Evaluation of Subsurface Geometry
and Concealed Extensions of North-
Trending Systegs .
Shallow Seismic Reflection Survey (Mini-Sosie or equivalent)

Information Need 1.13.2 - Description of the Unsaturated Zonme Hydrologic
System at the Site
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Table 1-1 continued. Study location within the SCP lssues
- Hierarchy; July 10, 1986.

Study 1.13.2.1 - Characterization of Unsaturated Zone Infiltration
Activity 1.13.2.1.2 ~ Natural Infiltration Monitoring
Shallow Seismic Reflection Survey (Mini-Sosie or equivalent)
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Table 1-2. SCP Information Needs which use the Study Results in Design and
Performance Assessment Analyses, July 10, 1986. _

Design Information Needs

1.11.1 Site characterfzetion information needed for design.

§.4.1 Site and performance assessment 1n£orﬁation needed for
design. '

4.4.6 Potential impacte of tectonic activify oa design.

Characterization Information Needs

1.13.2 Description of the unsaturated zone hydrologic
systen at the site.

1.15.1 Stratigraphy and structure necessary to locate the
underground facility.

1.19.2 Nature and rates of tectonic processes, including faulting,
folding, uplift and subsidence, and seismic activity.

4.7.1 Stratigraphy and structure necessary to locate the
underground facilfity.

4.9.2 Potential fault movements at the site.
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2.0 RATIONALE FOR THE STUDY

2.1 General Approach .

The overall supporting geophysical investigations cen be divided into six
principal studies: (1) gravity and sagnetics; (2) seismic fnvestigations (the
subject of this study); (3) rock properties; (&) heat flow; (5) remote sensing;
and (6) electric and electromagnetic methods. These studies will supplement
information needs for both the hydrologic and geologic characterizations.

This study plan describes seismic reflection and refraction activities
conducted under Geology, WBS 1.2.3.2, according to the structure pregented in
Figure 2.1. Descriptions of the geophysical investigations can be found in
the following: (1) SIP-3221G-01, Gravity and Magnetic Surveys ; (2)
SIP-3222G-01, Seismic Reflection and Refraction Surveys (the subject of this
study); (3) SIP-3223G-01, Geophysical Rock Properties Testing; (3)
SIP-3224G-01, Characterization of Site Ambient Thermal Conditions; (&)
SIP-3225G~-01, Remote Sensing; and (5) SIP-3226G-01, Electric and
Electromagnetic Methods.

Activities planned for this survey and included in this scientific
fnvestigation plan will be the acquisition, processing, and interpretation of
seisnmic reflection and refraction data. Deep seismic reflection and
refraction surveys will be conducted on an eagt-west transect from Stovepipe
Wells, California to the Sheep Range of Nevada. Additional north-south
-profiles will be run to provide information on the nmorth-south dimension. A
short test program of the deep seismic reflection method will be performed to
evaluate the ability of the aethod to trace subsurface reflectors in the
vicinity of Yucca Mountain. If thig test is successful, then a deep seismic
teflection survey will be conducted at a later time as described in Section
3.3, Shallow seisnic reflection (Mini-Sosie or equivalent) and refraction
(Bison~type or equivalent) surveys will be conducted on specific faults and/or
fault zones and to deteraine the depth of alluvium. The structure for this
study &8s presented in Figure 2.2.

Maps are included within this Scifentific Investigation Plan as
{1lustrations for planning purposes; specific gsampling sites shown on thege
paps and discussed in the text may be modified in the future without formal
revision of this docunment.

2.2 Qu;lity Assurance Levels

One requirement for participation {n the NNWSI Project is that a Quality
Asgurance Program Plan (QAPP) will be prepared to describe how the participant
will satisfy the quality assurance requirements of the project and to recognize
the importance of both radiological and non-radiological health and safety
related activities. The QAPP brings together an assimilation of Quality
Assurance Management Procedures (QMP) that are in compliance with the NNWSI
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Project QA Plan, NV0-196-17. The Plan includes preliminary organizational and
explanatory .elements followed by the procedures for its {aplementaticn.

The USGS QA Program identifies the systems, structures, components, and
activities to be covered by the USGS QA Program Plan. It also identifies the
major organizations participating in the project and the designated functions
of these organizations. The USGS QA Program Plan provides control over
activities that affect the quality of the identified structures, systems, and
components to an extent consistent with their importance to safety. The
activities that affect quality are accomplished under suitably controlled
conditions. Controlled conditions include the use of appropriate equipment;
suitable environmental conditions for accomplishing the activity; and assurance
that all prerequisites for the givern activity have been satfefied. The USGS QA
Program alsc takes into account the need for special contreols, processes, test
equipment, instruments and skills to attain the required quality, and the need
for verificatiocn of quality by inspection, test, and/or peer review. The USGS
- QA Progranm provides for indoctrination and as necessary, training of personnel
performing activities that affect quality to assure that suitable proficiency
1s achieved and maintained. The Waste Management Project Office (WMPO) will
regularly assess the gtatus and adequacy of the QAPPs of the U.S. Geological
Survey and Support Contractors by means of surveillance and audit activities.
The USGS and Support Contractors' management shall assess the adequacy and
ipplenmentatfon of their QA Program Plans on an anaual basis.

The provisions of a QAPP and its implementing documents apply to all
nuclear waste management activities performed by USGS participants and by
contractors to the USGS who do not have a qualifying QAPP., It is the
responsidbility of the Asgistant Director for Engineering Geology of the USGS,
or his delegate, to assure compliance of the USGS with the requirements of this
QAPP., The Chief, Branch of NNWSI, shall be respounsible for enforcing and
assuring the preparation and implementation of thhe Quality Assurance Program.
The Manager of the Quality Assurance Office is responsible for preparation of
the QAPP and its associated Quality Management Procedures and for tracking and
verifying their implementation. The participating iovestigators are assigued
responsibility for preparation of their technical procedures and for beconming
familiar with and implementing appropriate parts of the QAPP under the guidance
of the Quality Assurance Office. All support countractors and suppliers shall
be responsible for compliance with pertinent sections of this QAPP.

In conformance with the NNWSI QA Plan (NVO-196-17) as specified in
NNWSI-USGS~-QMP-3.02, the USGS shall use & graded approach to quality assurance
based on the differences between ftems and activities that affect radfological
health and safety and those that do not. This approach assigns QA
requirenents at & level congistent with the activity's or item's potential
inpact and/or importance in terms of radiological health and safety, -
non-radiological health and safety, the Nuclear Regulatory Commission (NRC)
licensing process, costs, and schedules. The requirements shall be:
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For level I & II - Complisnce with all 18 Criteria of 10CFRSO, Appendix B,
as described in NQA-1 and incorporated in the USGS QA Manual, s required
unless ozmission of & specific criteris-1is noted and thoroughly justified
according to Para. 6.3.6 of QMP-3.02; and

For level 1II - Exigting USGS good scientific practice requirements shall
apply.

2.3 Other Applicable Information

The selected bibliography at the end of this plan provides a tabulation
of technical reports and publications that are used as a basis of existing
informaticn pertinent to the objectives of this study. Reports and

- publications of work sponsored by the NNWSI Project are listed, fncluding

those produced by the USGS and and other project participants. Data, samples,
interpretations, and conclusions pertinent to the crustal structure in the
Yucca Mountain Site area are described in these documents.

Data compiled or produced throughout this study, which will be used for
site characterization will be input to or obtained from the NNWSI Project data
base {n accordance with WMPO procedures.

Data or data interpretation developed prior to August, 1980, the
implementation date of the NNWSI Quality Assurance Plan, will be handled
according to procedures outlined in the USGS Quality Assurance Plan,
KNWSI-USGS QMP-17.02 (Acceptence of Data Not Developed Under the NNWSI QA
Plan). Q4P-17.02 is not intended to cover data or data interpretations that
vere generated by the NNWSI participants after August 1980. Data or data
interpretations developed after August 1980 will be handled according to
procedures outlined in NNWSI-USGS QMP-3.04 (Technical Review of NNWSI-USGS
Publications). Data or data ioterpretations generated after August 1980 where
the NNWSI QA Plan was not izmplesented shall be processed in accordance with
HNWSI-USGS QMP-15.01 (Control of Nosconforming Items).

2.4 Prog:an Interfaces

This study summarizes the activities to be continued under Seismic
Investigations, WBS 1.2.3.2.2.2. Permits, required to conduct field ,
activities, will be coordinated through Environmental Compliance, WBS 1.2.5.3.
Thickoegses of alluvium, determized from shallow seisaic reflection surveys,
supplement the lithostratigraphric data bases; Site Geology, WBS 1.2.3.2.1.1
important to site infiltratioc studies; these surveys aid the identification of
subgurface gtructures supporting Site Geology, WBS 1.2.3.2.1.1 and Tectonics
and Volcanism, WBS 1.2.3.2.3.1. CGravity and Magnetice, WBS 1.2.3.2.2.1
provides data to assist the interpretation of the shallowv portion of the
reflection records. Velocity cootrasts, determined froa seismic refraction
surveys, aid the fdentificatiocn of differing lithologies; Site Geology, WBS
1.2.3.2.1.1; or abrupt changes in lithology caused by faulticg; Tectonics and
Volcanism, WBS 1.2.3.2.3.1. Cosbdined with magneto-telluric surveys; Electro
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and Electromagnetic Methods; refraction surveys provide gross
characterizations of crustal structures. Data base management for site
characterization activities ie coordinated through the NNWSI-Project data bases
developed under Technical Data Base Managément, WBS 1.2.1.3.

3.0 DESCRIPTION OF ACTIVITIES

3.1 Deep §eiam1c Refraction Survey (Death Valley-~Beatty Junction-Sheep
Range

3.1.1 Introduction

The objectives of the deep seismic refraction fnvestigations are to
characterize the subsurface geologic framework of the crust and uppermost
santle in the vicinity of Yucce Mountain. In particular, deep seismic
refraction surveys, running east and west just gouth of Yucca Mountain, are
used to investigate the preTertiary subvolcanic basement rock, by mapping the
lateral continuity of refracting horizona.

Four seisnic tefraction profiles are planned (Figure 3.1). A 195-kilometer
(121-mfle) long east-west profile running just south of the NIS will consist
of two 80-kilometer (50-mile) deployments, each utilizing 120 instruments
spaced at 0.7 to 1.0 kilometers (0.4 to 0.6 miles) and recording seven 900 to
1800 kilogram (2000 to 4000 pound) ghots spaced at 8 to 20 kilometers (5.0 to
12.4 pwiles). Three cross-profiles, including an 80-k{lometer (S50-mile)
profile extending southward from the northern end of Crater Flat, a
110-kilometer (68-mile) profile extending southwestward from the northern end
of Crater Flat, and a 70-kilometer (43-mile) northwest-southeast profile
centered on Stovepipe Wells, will consist of one to two deployments of 120
instruments recording two to three 900 to 1800 kilograa (2000 to 4000 pound)
shots per deployment. Specific ranges in acquisition parameters are estimates
only, actual parameters used in the field may vary. .

3.1.2 Supporting Activities

Interpretation of the deep seismic refraction data will be performed in
conjunction with, as appropriate, results obtained from the deep seismic
reflection profiling, magneto-telluric (MT) sounding traverses, gravity and
nagnetic surveys, field mapping, and froz sonic velocity measurements in wells
drilled in the vicinity of Yucca Mountain.

Deep seismic reflection studies will be performed as described 1n Section
3.3 to attempt to map near-surface faults to depth by studying the lateral
continuity of any well-defined reflecting horizomns.

The crustal conductivity structure within the transect will be established
using magneto-telluric (MT) sounding methods. The MT survey will {nclude a
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Figure 3-1. location of Proposed Deep Sefsmic Refraction Lines in the Vieinity
of Yucca Mountain.
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detailed net with station spacings of 3 to 5 kilometers (1.9 to 3.1 miles),
and a reconnaissance net with stations spaced at 8 to 10 kilometers (5.0 to
6.2 eiles). The rock conductivitiee obtained from these studies will be
correlated to the inferred sefsmic velocities to constrain interpretations of
the crustal structure and {ts physical prdperties.

Gravity and magnetic studies to be performed in the vicinity of Yucca
Mountain may be used to establish continuity in the subsurface of fault
seguents observed at the surface of Yucca Mountain and vicinity.

Field mapping at a scale of 1:100,000 may provide the ability to correlate
rock velocities with lithologies.

Sonic and bulk density measurements {n wells at or in the vicinity of
Yucea Mountain may also provide greater ability to correlate rock velocities
with rock lithologies. These correlations may provide important constraints
on the interpretation of the upper crustal structure.

3 1. 3 muiment

Equipment required to conduct this activity is identified {n the technical
procedures. No additional major equipment is required for this activity.
Maintenance and_repait of existing equipment, however may be necessary.

3.1.4 Methods, Procedures, and Quality Assurance

Specific investigative methods used in the deep seismic refraction
surveys are listed in Table 3-1. Identified in the table are supporting
technical procedures used to assure the quality and traceability of the
activity, data collection, and interpretation; the applicable QALA numbers;
and goftware requirements.

Approved procedures are identified with a USGS number, title, and
effective date. Procedures that require preparation before implementing
elements of this plan are identified as being needed. Work shall pot proceed
on these activities until the applicable technical procedure have been
prepared, reviewed, and approved in accordance with NNWSI-USGS-QMP-5.01.
Appendix A of this plan contains completed Quality Assurance level Assigaments
(QALA) for each method identified including criteria exception justifications
for each method identified. o
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3.2 Deep Setsmic Reflection Test (Armagoea Desert)

3.2.1 Iotroduction

The objectives of the deep seismic reflection test in Amargosa Desert are
to deternine whether the subsurface geologic framework of the crust and
uppermost mantle in the vicinity of Yucca Mountsin can be mapped using the
sefsnic reflection techniqgue.

If reflecting horizons can be successfully mapped, deep seismic reflection
surveys, east snd west of Yucca Mountaln, will be used to investigate the
preTertiary subvolcanic basement rock as described in Section 3.3.

Field tests of acquisition parameters will be conducted at two different
locations wvithin the northern Amargoss Desert (Figure 3-2). At the coanclusion
of thege tests & reconnaissance line totaling 24 kilometers (15 miles) in
length will be acquired at the location of the second test in the northern
Anargosa Desert. The tests and survey will utilize 10-kilometer (6.2-mile)
spreade, 24 geophones per group, 25-meter (82-foot) group interval, 480 groups
per spread, Vibroseis energy source, 100-meter (328-foot) vibrator imterval,
72,000 kilogrem (160,000 pounde) sinimum peak vibrator force, and 480 channel
floating-point digital recording. Specific ranges in acquisition parameters
are estimates only, actual parameters used in the field may vary.

3.2.2 Supporting Activities

This activity stands alooe, requiring no additional supporting activities.

3.2.3 Equipment

Equipzent required to conduct this activity is identified in the technical
procedurea. No additional major equipzent is required for this activity.
Maintenance and repair of exfsting equipment, however, may be pecessary.

3.2.4 Methods, Procedures, and uality Assurance

Specific investigative aethods used in the deep seismic reflection test
are listed in Table 3-2. Identified {r the table are supporting technical
procedures used to assure the quality and-traceability of the activity, data
collection, and interpretation; the applicable QALA gpuabere; and software
requirements.

Approved procedures are idestified with a USGS puader, title, and
effective date. Procedures that require preparatioun before implementing
elements of this plan are identified as being peeded. Work shall not proceed
on these activities until the applicable technical procedures have been
prepared, reviewed, and approved in accordance with NNWSI-USGS-QMP-5.01.
Appendix A of this plan contains coopleted Quality Assurance level Assignments
(QALA) for each method identified fncluding criteria exception justifications
for each pethod identified.
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Figure 3-2. locations of Proposed Deep Seismic Reflection Test {n the
. Anatgoss Desert. ,
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3.3 Deep Seisnic Reflection Survey (Stovepipe Wells-Beatty-Crater Flat-
Yucca Mountain-Mercury-Indian Springs)

3.3.1 Introductien

The objectives of the deep seismic reflection {nvestigations are to
characterize the subsurface geologic framework of the crust and uppermost
mantle ic the vicinity of Yucca Mountain. In particular, deep geismic
reflection surveys, east and west of Yucca Mountain, are used to investigate
the preTertiary subvolcanic basement rock by mapping the lateral continuity of
reflecting horizons, -

The deep selsnic reflection survey (Figure 3-3) will be conducted along a
220-kilometer (136-mile) long east-west profile extending from Stovepipe Wells,
Cali{fornia to the junction of Kyle Canyon and Highway 95, 22 kilometers (14
miles) east of Indian Springs, Nevada. This line will follow primary and
secondary roads through Beatty, Crater Flat, southern Yucca Mountain, and
Jackass Flat. Four north-south cross-profiles are also planned, including a
27-kilopeter (17-mile) 1ine in Death Valley, an 88-kilometer (55-mile) line
from Death Valley Junction northward to the narrows of Forty Mile Wash, a
37-kilometer (23-mile) line following the Mercury Highway northward to the
northern end of Yucca Flat, and a 37-kilometer (23-mile) crossing Highway 95 at
Kyle Canyon. The survey will utilize 10-kilometer (6.2-mile) spreads, 24
geophones per group, 25-meter (82-foot) group interval, 480 groups per spread,
Vibroseis energy source, 100-meter (328-foot) vibrator interval, 72,000
kilograas (160,000 pounds) minimum peak vibrator force, and 480 channel
floating-point digital recording. Specific ranges in acquisition parameters
are estimates only, actual parameters used in the field may vary.

3.3.2 Supporting Activities

Interpretation of the deep seismic reflection data will be performed in
conjunction with, as appropriate, results cbtained from the deep seismic
refraction profiling, magneto-telluric (MT) sounding traverses, gravity and
magnetic surveys, field mapping, and from sonic velocity measurements in wells
drilled fn the vicinity of Yucca Hountain.

Deep seisnic refraction studies will be performed as described in Section
3.1 to attempt to map crustal structure by studying the lateral continuity of
any well-defined refracting horizoas.-:

The crustal conductivity structure within the transect will be established
using magneto-telluric (MT) sounding methods. The MT survey will include a
detailed net with station spacings of 3 to 5 kilometers (1.9 to 3.1 miles),
and a reconnaigsance net wtih gtations spaced at 8 to 10 kilometers (5.0 to
6.2 miles). The rock conductivity models obtained from these studies will be
correlated to the inferred crustal structure to constrain interpretations of
the crustal structure and its physical properties.
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Pigure 3-3. Locations of Proposed Deep Seismic Reflection Surveys {n
the Vicinity of Yucca Mountain.
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Gravity surveys at a grid spacing of 100 m will be performed in Yucca Wash
and in the vicinity of the proposed core hole tentatively located south of
Busted Butte (USW G-7), and in other locations. GCravity variations will be
used to map vertical relief on major etratigraphic horizons as well as to map
the lateral variations in densities corresponding to facies changes.

Ground pagnetic studies at & grid spacing of 50 m to be performed in the
vicinity of Yucca Mountain will be used to map lateral variaticns in the
magnetizations of surficisl rocks.

Field mapping at a scale of 1:100,000 will provide the ability to
correlate reflecting horizons with mapped 1{thologies.

Sonic and bulk density measurements in wells at or in the vicinity of
Yucca Mountain will elso provide greater ability to correlate reflecting
horizons with the stratigraphy near Yucca Mountain. These correlations will
provide importent constrainte on the interpretation of the upper crustal
structure.

‘ 3.3.3 mulpﬂent

. Equipment required to conduct this activity is identified {n the teéhnical
procedures. No additional major equipment is required for this activity.
Maintenance and repair of existing equipment, however, say be necessary.

3.3.4 Methods, Procedures, and Quality Assurance

Specific iovestigative methods used {n the deep seismic reflection
studies are listed in Table 3-3. Identified in the table are supporting
technical procedures used to assure the quality and traceability of the
activity, data collection, and interpretation; the applicable QALA numbers;
and goftware requiremeats.

Approved procedures are identified with a USGS number, title, and
effective date., Procedures that require preparation before implementing
elements of this plan are identified as being needed. Work shall not proceed
on these activities until the applicable technical procedures have been
prepared, reviewed, and approved in accordance with NNWSI-USGS-QMP-5.01.
Appendix A of this plan contains completed Quality Assurance level Assiguments
(QALA) for each method identiffed fncluding criterfa exception justifications -
for each gethod identified.



Table 3-). Methode and Techafcal Procedures for Deep Sefsnic Reflection Survey
(Stevepipe Weilo-Bostiy-Crater Plot-Yucca Mountata-Mercury-ladian Springe).
® selere to other USCS Sclestific levestigation Plens

Techatcal Procedure QA level Aseignaent
Method fusder Title Date Sheet (QALAS) Number
(mae-uscs-) : (HOWS1-QALA-)
Deep Sefsnic Reflection sp-10 Deep Sefienic Reflection 3222¢-01-03, RO
Prefiling In Pregress Stody of the Tecteafe

Paviroonent



USGS-51P~3222G-01, RO
Page 26 of 39

3.4 Shallow Seismic Refraction (Bison-type or equivalent)

3.4.1 Introduction

The objectives of the shallow seisnic refraction investigations are to
characterize the subsurface geologic framework of the volcanfic and Paleozoic
rock, and eite of the proposed surface facility in the vicinity of Yucca
Mountain. In particular, the location and definition of Quaternary faults and
fault systems, st or proximal to the proposed repository at Yucca Mountain, is
a primary objective of the ghallow seismic refraction surveys.

Velocity profiles, within very shallow (to depth of 100 meters; 328 feet)
deposits, will be established along selected traverses (Figure 3-4) crossing
known and suspected fault traces, using a portable (Bison-type or equivalent)
sefsnic refraction apparatus. These gurveys will also be used to determine
the depth of alluvium in canyons and/or portions of canyons mot covered by
boreholes.

3.4.2 Supporting Activities

The locations of the shallow seismic refraction lines are chosen based on
the results of study of deteiled air photographs eand field studies of fault
scarps showing the locations of potential Quaternary faults. .

3.4.3 Equipment

Equipment required to conduct this activity is identified in the technical
procedures. No additional major equipment is required for this activity.
Haintenance_and repair of existing equipment, however, may be necessary.

3.4.4 Methods, Procedures, and Quality Assurance

Specific investigative methods used in the ghallow seismic refraction
studies are 1li{sted {n Table 3-4, Identified in the table are supporting
technical procedures used to assure the quality and traceability of the
activity, data collection, and interptetation; the applicable QALA numdbers;
" and software requirements.

Approved procedures are fdentified with a USGS pumber, title, and
effective date. Procedures that require preparation before implementing
elements of this plan are ideatified as being needed. Work shall not proceed
on these activities until the applicable technical procedures have been
prepared, reviewed, and approved in accordance with NNWSI-USGS—-QMP-5.01.
Appendix A of this plan contains completed Quality Assurance Level Assiguments
(QALA) for each method f{dentified including criteria exception justifications
for each method identified.
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3.5 Shallow Sefsmic Reflection (Mini-Sosie or equivalent)

- -

3.5.1 Introduction

The objectives of the shallow seisaic reflection investigations are to
characterize the subsurface geologic framework of shallowv volcanic and
Paleozoic rock, and site of the proposed gsurface facility in the vicinity of
Yucca Mountain. In particular, the location and definition of Quaternary
faults and fault systems, at or proximal to the proposed repository at Yucca
Mountain, is a primary objective of the shallow seismic reflection surveys.

Shallow seismic reflection surveys (Mini-Sosie or equivalent) (Figure 3-5)
will be conducted in short (1- to 5- kilometer; 0.6 to 3.1-mile) traverses
surveyed at locations to be defined. Three lines are planned, two of which
will be in Crater Flat, and the third in Rock Valley. Six to seven lines
sggregating 30 ligear kilometers (18.6 miles) are planned at Yucca Mountain.
All lipes will use 9.1-meter (30-foot) source point, data stacked at common
" midpoints every 4.6 meters (15 feet) at 12-fold, or every 9.1 meters (30 feet)
at 24 fold; 12 geophones per group. These surveys will also be used to
determine the depth of alluvium in canyons and/or portions of canyons not
covered by boreholes. Specific ranges in acquisition parameters are estimates
only, actual parameters used in the field may vary.

3.5.2 Supporting Activities

Locations for the shallow reflection lines are chosen on the basis of
field mapping of potential faults, and on the results of gravity and msgnetic
surveys indicating the presence of large vertical faults.

Sonic and bulk density measurements in wells at or in the vicinity of
Yucca Mountain may also provide greater ability to correlate reflecting
horigons with the stratigraphy at Yucca Mountain. These correlations may
provide iaportant constraints on the interpretation of the upper crustal
structure.

3.5.3 Equipment

Equipment required to conduct this activity is identified i{n the technical
procedures. No additional major equipment is required for this activity.
Haintenance and repair of existing equipment, however, may be necessary.

3.5.4 Methods, Procedures, and Quality Assurance

Specific investigative methods used in the shallow sefsnic reflection
studies are listed in Table 3-5. Identified in the table are supporting
technical procedures used to assure the quality and tracesbility of the
activity, data collection, and interpretation; the applicable QALA nunberl;
and software requirements.
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Figure 3-5. Locations of Proposed Shallow Seismic Reflection Surveys
: at Yucca Mountain.
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Approved procedures are identified with a USGS pumber, title, and
effective date. Procedures that require preparation before {aplementing
eleaents of this plen are identified as being needed. Work shall not proceed
on these activities until the applicable technical procedures have been
prepared, reviewed, and approved in accordance with NNWSI-USGS=-QMP-S.01.
Appendix A of this plan contains coapleted Quality Assurance Level Assignments

(QALA) for each method identified {ncluding criteris exception justifications
for each method fdentified.
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4.0 SCHEDULE AND MILESTONES

An essential component of the quality assurance ievel assiguments includes
the {dentification of technical procedures required of quality level one
activities. Preparation of these procedures constitutes a prerequisite for
ioitiatiog this study. The schedule presented in Figure &4-1 summarices a
sequence of events associated with the preparatfon of the technical procedures
and the activities for this study. A oore detailed outline of activities {s
included and {llustrated in the Gantt chart of Pigure 4-2. These diagrams are
referenced to the start of a fiscal year but are dependent on completion of
technical procedures. A more detailed schedule of events is incorporated into
the Site Geology schedule, 1G232.FIX, on file in the USGS sareas of the PMS
systen.

A list of reports resulting from this study is included in Table 4-1.
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Table 4-1. List of Reports Identified for the Sefsmic Reflection and '

Refraction Surveys

Node . Description _
P797 Interim Report: Regional Sefsmic Refraction Field Studies
P798 Interis Report: Seismic Reflection Field Test Studies
Interim Report: Seismic Reflection Field Studies
P825 Report: Preliminary Interpretation of Regional Seismic Profiles
Interim Report: Regional Seismic Refraction Field Studies
Report: Preliminary Interpretation of Regional Seismic Profiles
P799 Final Report: Completion of Regional Seismic Refraction Field Studies
P822 Final Report: Completion of Reglonal Seismic Reflection Field Studies
P718  Issue Report: Regfonal Crustal Structure via Deep Seismic
P826 Report: Final Interpretation of Regional Seiemic ?:ofi}en

Ioterim Report: Shallow Refraction Field Studies

Interis Report: Shallow Reflection Field Studies

Final Report: Completion of Shallow Refraction Field Studies
Final Report: Completion of Shallow Reflection Field Studies
Report: Final Interpretation of Shallow Refraction Lines
Report: Final Interpretation of Shallow Reflection Lines
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Appendix A = Quality Asgurance Level Assignments (QALA Sheets)
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mpe . . 11 omly,
Haeit potentisl shotpelst s Szne as sbove. Ssee as adave.
lecations ta the fteld .
te deternine the switability *
t the eftes
i1) sad case shotheles 1] Sans a5 sbove. Mgete none of the attributes of Level | er (I} 1f hele is lost prier to
caoiag it can be pedrilled at minimal cost. All criteria sre anluded since
. thay are required for level I or 11 enly.
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WUSE - USCS QUALITY LEVELS ASSICMMENT SHEET (QALAS)

Activity = Deep Seiswic Refraction Survey (Desth Velley-Sestty Jusetfon-Sheep Rauge)

fethod ~ Deep Sefsmic Rafrection Profilisg

WA -0ATA-32220-01-01, R0
Page 20 )

GA - NQA-1 Criterie
Method/Iven Breakdown Lavel Requirenente Justification of Level and QA Criteria Rzceptions
%
. ‘l .
viosd esplosives 1a shotholes |/ 111 | 1/ Meets none of the attributes of Level I or IIj 1f hole 10 lost prier te
] . loading 2t can be redrilled at minissl cost, Al eriteris are excluded since
) they are required for Lavel I or II oely,
* \m'y locstions of i | 1,2,3,4,5,6,7,8,  Neets step Wo. 5 of the QA Lavel Chechliot whareia 1f the loesticas are facervectly
holes and selonte L \ 10,12,13,15,16, surveyed, fncorrect or ateleading conclusionn can be drewn from the dsts sad the
recelvers 17,10 © item con fapect this and other level I activities., Criteria exluded: 9-met o
apecial process, 1ll-no tests or research favolved; l4-not pert of 0U3SCS QA Pregres.
_Deploy selemntc receivers ', 3 Sems a8 sbove, Weete step No. 3 of the QA Level Checklist wherein if the receivers ave fmcetvectly
at surveyed Jocstions deployed, fncorrect or misleading couclusionn cen Do drawa from the dats and the
iten con fmpact this and other Llavel I activities, Criteria exludeds: 9-ast a
speciel process, 1l-so tasts orf research iavolved; JA-mot part of USCS QA Pregree.
;,Datosate erplosive soumd G 11 na Meate oone of tha attridutes of Level 1 ov II; Af explosive does mot detomste
sources (shotholes) the deta from only thie shethole ave effected. All criteria are excluied stnce
they sre required for Level I or II only. y
+ Messure origla tiees p 1 1,2,3,4,3,6,2,8, feets step No. 3 of the QA Level Ohecklist whersin 1f the origia times are facorrectly
10,12,13,13,16, asssered, fecorrect or sisleading couclustions cen be drawa from the dsts and the
17,18 ften can fwpact thie and other lavel [ sctivities. Criteria exlwdeds 9-unet a
specis) process, 11-wo tests ot nm.reh favolved; 14-wot part of USCS QA Pregraw.
/Ictﬂ,m sefenic receivers -{ m w/A Meete none of the attribteutes of Level 1 or II; Af recelver fs mot retricved
. - the data from omly a siungle receiver fe Jost. All critertis are exluied gface
they are required for level I or 11 oaly,
/c-umg- elock drife \ 1 1,2,3,4,5,6,7,8, Meets step No. 3 of the QA Level Checklist wherein 1f the cleck drift rates are
retes - 10,12,13,135,16, fscorrectly messured, facorvect or sislesding couclusions cen be drewa frem the dats
17,18 and the itea cen ispact this and other Level I sctivities, Criteria exluded: P+pet &
specisl process, 1i-30 tests or resescch favolved; 14-not part of USCS QA Progres.
‘/ Digitize cassette tapes \' ) ¢ Ssme a8 sbove, Mests step No, 3 of the QA Level Chuckiist wherein it the cossette tspes are

facorrectly digitized, iacorrect or misleading couclusions caan be drewa from the data
and the ftems can fapect thie and other Level I activities., Criteria excludeds %-aet o
opecisl procese, ll-wo teste or resestch favolved; lé-wot part of USCS QA Pregres.




WISt « USCS QUALITY LEVELS ASSICMNENT SHERT (QALAS)

MASL-0ALA~]2220-01-01, RO

Activity - Deep Sefsmic Refrsction Survey (Death Valley-Bestty Jusction-Sheep Range) Page Jof 3
Method = Deep Selemic Refrection Profiling
QA WA= Criteris
Method/Iten Breshdown Lavel Requirenents Justification of Lavel end QA Criteria Exceptions
‘.
t end merge time  § 1,2,3.,4,5,6,2,8, Meets atep No. 3 of tha QA Lavel Clwekiist wherein Af the data are tmly
and range data into . . 10,12,13,15,16, merged fato the hesders, iscorrect or mislesding concleusions cen be drswa from the m
sefonic data headings 17,19 asd the ites can impact this sad other lavel 1 activities. Criteria escluded: 9-pet o
o ;_ speeial process, 1l-mo tests or resesrch favolved; 1A-mot pert of ‘nscs QA Pregrams.
Plot sefemic record it “ .! Sane s adove, Neete step Mo, 3 of tha QA Level Checkiist vherein Af the sefenic records are
sections on @ ! incorrectly plotted, fscorrect or mislesding coaclusions ecsn be drewva from the date
cosputer plotter , . and the ites con fmpect this and other Level 1 activities. Criteria evcluded: 9ot o
special process, ll-no tests or research fnvelved; 1A-mot pert of USCS QA Progrem,
/ﬁlsltln arrivel travel 1 1,2,3,4,5,8,7,8, Meste atep No, 3 of the GA Level Checklist wherefn 1if the arrival travel tises and
tives, invert tines . 10,12,13,13,16, sod ssplitudes are incorrectly interpreted, fucorrect or alslesding couclusions com be
for models, it times N 17,18 drawa from the date snd the item cen fmpect thie and other Level 1 sctivities.

with forward modele;
tioalize welecity modele

Criteris exluded: 9-uot a speciel process, 11-mo tests er resestch favolved; Yi-met
part of USCS QA Progrem,

C
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ANIS] = USCS QUALITY LEVELS ASSICWMENT SHEET (QALAS)
\ctivity = Deep Seisnic Reflection Test (Amergosa Desert)
fzthod = Deep Sefenic Reflection Nolee Test

MAISI-QALA~3222¢-01-02, RO
Page & of 2

QA . . WOA-1 Criteria

Juatification of lavel and QA Criteris Exceptions

lethod/Iten Breskdova Lavel Requivenente®
lelect locations of ﬁ - Inr n/A
wotential reflection iiwes

‘von publiched topographic
mpe

Heit locations of potentiel ({ ) 1344 Saue ss above,
fnen fn the fleld to

ternise the suitsbility

if the lloes

leploy seisnic receivers m N/A
wd eadles. k

Nawt

LECEND OF 16 QA CRITERIA OF NOA-1

Recommatisssnce work asd plemeting, does net mest sny sttridutes of level I
or Il. ALl erttcru ‘sre excluded atace they are required for lavel I or
IR oely.

Same as adove.

Neete none of the attridutes of Lavel I or 11; if fastrummts ave fwproperly
deployed, they caa be redeployed at minimal cost grior te date acquisition.
A1l criteris are ezcluded since they are are requivred for level I or 11 oely.

[ ]

. ORCANTZATION © 7 CONTROL OF PURCRASED MAT'L, EQUIPNENT, SERVICES 13 RANDLING, STORACE AND SHIPPING
! QA PROGRAN "8 ID AND CONTROL OF MATFRIALS, PARTS AND SUPPLIES 14 INSPECTION, TEST, AND OP. STATUS
) DESICN AND SITE INVESTICATION CONTROL 9 CONTROL OF SPECIAL PROCESSES 15 CONTROD OF NONCOWFORMING ITENS
' PROCURENENT DOCUMENT COMTROL 10 INSPECTION (SURVETLLANCE) 16 CORRECTIVE ACTIOW

) IWSTRUCTIONS, PROCEDURES AND DRAMINGS 11 TEST AND EXPERIMINT/RESEARCH CONTROL 17 A rECORDS

+ DOCUNENT CONTROL 12 CONTROL OF NEASIRING AND TEST RQUIPMENT . 18 AvDITS

pYROVALS

"Effective Date




MAST = USCS QUALITY LEVYFLIS ASSICHMENT SREEY (QALAS)
Activity = Deep Setfsaic Baflectfon Test (Amergoss Desert)
Method = Deep Selentc Reflection Noiss Test

IMAISI-QALA-3222C-01-02, RO

Page 2 of 2

Method/Iten Breakdom

QAo
tavel

A

WQA-1 Criteris
Requivensnte®

Justification of Level and GA Criterie Exceptions

Celfbration of .-
equippmt Y/

Test tha lerge-sperture ’
sefonic reflection technique v
to deternine its usefuloess -
Amsrgoea Desert mear Tucca

Mowmteln

Acquire g 13 mile long
test line ia Amergose
Desert aser Tucca
Mountsie

Servey locstion of sources
:-d receivers along test
fee

S

Process sefsmic reflection
test dste weing commercislly
evailable softwere .

Interpret the seiemte
reflection profile )’

2.2,3,4,3,6,7,8,
20,12,13,15,16,
17,18

Saue a9 adove.

‘.2.’.‘.’.‘!’0.0
‘o.".l’.l’.l‘.
17,18

Ssue a3 sbdove,

Ssne a® adove,

1,2,3,4,5,6,2,8,
10,12,13,13,16,
17,18

Meets step Mo. 3 of the GA Lavel Chechlfot wherein if the fastruments are
isproperly tested, fscorrect or sislesding conclusfons can be drswa frem the dsts

and tha item con ispect thie and other level I activities,

Criteria evcluied: 9-uet @

epecial process; 11-p0 teste ot research fevolved; 14-mot part of U3CS QA Pregram,

Neets step Mo, 3 of the QA Lavel Checklist wherein 1 the acquieition persseter testiang

1o twproperly perforwed, fscorrect or mislesding conclusions cea be drewn fren the dats

asd the 1ten con fapsct this end other Lavel | activities.

Criteris evcludedt 9~net o

apecisl processi 11-no tests or resesrch iavolved; lA-not pert of USCS QA Pregres,

feete step No. A of tha QA lavel Chechlfst vhereis this item 10 & step fa providisg
site charecterisation data that hae a sfgnificant fspact oa the data bese thet
supports the fimel repository design sud sssessment of the repoeitory perforuvsece.
Criteria axlwded: 9-uot a apecisl noeou. 11-20 tests or ressarch favolved; lé-met

part of USCS QA Program.

Mests otep No. 3 of the QA Lavel Checkliet wherein if the locstions are facorrectly
asssuTed, iscorrect or wislesding conclusions cen be drawn from the dsta snd the
ften can fupeet this and other lavel 1l'sctivities, Criterile axiuded: 9-uet o
epecisl process, l1-we teste or research favolved; lé-ect part of USCS QA Pregres.

Meete step No. 3 of the QA Level Checklist wherein 1f the data are iacocrrectly
proceseed, fscorrect or aislesding conclusions con be drewa from the date ead tha
ften can ispact thie end other level 1 activities. Criteria exlededs 9-pot o
specisl process, 1l-mo teste of resesrch favolved; 14-not part of USCS QA Program.

Neete step Mo, 3 of the QA Level Checklist vherein if the reflecters are interpreted,
facorrect or mislesdiag conclusions cen be drawa from the dats and the
1ten cas fspact this and other Lavel I sctivities, Criteris exiaded: 9ot o
specisl process, 11-wo teste or resesrch isvolved; lé-wot pert of USCS QA Pregres.




W3] - USCS QUALITY LEVELS ASSICNNENT SHRET (QaLAS) MIST-QALA-32220-02-03, &0
tivity = Deep Selenic Reflection Servey (Stovepips Wells-Seatty-Crater Flat-Yucca Mouatein-Mercury=-Indien Spriange) Page L of 2
thod = Deep Setseis Reflectiom Profilisg
QA V. QA1 Criteris !
thod/Iten Breskdowm Level Requivessats® Justification of lavel aad QA Criteria Exceptions
lect lecations of n W Recommaisssnce work and plesaing, doee sct meet sny attributes of lavel X
testial reflection liwes | . or 11. All eriteria are axcluded stuce they are required for level I or
e pudliched topogrephic ", 11 oaly.
pe
it Joceticas of petestiel. ). mn Sane 29 shewe, Sans as abdove,
see fa the ffald te /
terutian the suitsdilicy
the ifses
eloy selssic recetivers e n/a Meets none of the attridutes of Level I or I3 1€ fostruments ace fmproperiy
1 codlen i deployed, they cen ba redeployed st minimel cost prier to deta ecquisitioa.

Al} ceiterfa are excluded sisce they are required for lLavel 1 er 11 ouly,

ICEND OF 18 QA CRITERIA OF MGA-) :

ORCANIZATION 7 CONTROL OFf PURCHASED MAT'L, EQUIPMENT, SERVICES 13 RANDLING, STORAGCE AND SHIPPING
QA PROCRAN . 8 1D AND CONTROL OF MATERIALS, PARTS AND SUPPLIES 14 INSPEZCTION, TEST, AND OP, STATUS
DESICH AND SITE INVESTICATION CONTROL 9 CONTROL OF SPECIAL FROCESSES 13 CONTROL 'OF NONCONTORMING ITEMS
PROCIMEINENT DOCUMENT CONTROL 10 INSPECTION (SYRVEILLANCE) 16 CORRECTIVE ACTION

INSTRUCTIONS, TROCEDUARTS AND CRAVINGS 11 TEST AND DXPERINENT/RESZARCH CONTROL 17 QA REOORDS

DOCIINENY CONTROL 12 CONTROL OF REASURING AMD TRST EQUIPHENT 18 auDITS

MOVALS
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MAIST ~ USCS QUALITY LEVELS ASSICWMENT SHERT (QALAS)

Activity - Deep Seigaic Reflection Survey (Stovepipe

Mathod = Deep Sefsmic Reflection Profilisg

Wells-Pestty-Crater Plat-Yuces Mountatn-Mercury-Indiea Springs)

WAIS1-QALA=-32220-01-03, B
Pege 201 2

Method/Item Breskdowa

.:
Lavel

MQA-1 Criteria
Requiresests

Justificetion of Level snd QA Criteria Exceptions

Catltbration of O
equipment

Test the large-aperture p
sefsmic reflection technique t
o deterwioe 1ts usefulness
Amavgosa Devert in snd sear
Tucea Mouwntaia

Acquire a oot of regiowsl
sefenic reflection Lines \’
to sap swdeurfsce

reflectors

Servey locstioa of sources
aad receivers slong regioms) &
reflection 1ises

Procesa selemic reflection
test datas weteg commerecislly
aveilatie software

Correlete reflectors betweem /|

profiles sad faterpret the />/
ssisuic reflection 1ines

1,2,3,4,3.8,7,8,
10,12,13,15,16,
17,18

Same 89 sbove,

‘.2.’.‘.’.‘.’.'.
10,12,13,13,14,
17,18

Sase a® sdove.

Same 29 sdove,

‘ .2.3.‘.’.‘.7.’.
‘ﬂ.‘.’ .".l’.l‘.
17,18

Meets etep No, 3 of the QA Level Checklifot whereia £f the festruments sre
iwproperly tested, facorrect or sislesdiag concluaions can be drava frewm the dsts
and the fiten can fmpact this sad other Lavel 1 activities, Criteria excludeds %-net o
special processi 1leno tests or resesvch favolved; Ji-wot part of USCS QA Pregram,

Neets step No, 3 of the QA lLavel Checkliot wherein if the scquisition parsaster testing
fe fmproperly performed, facorrect or aislesding conciusions can bo drewa frea the dste
and the iten con tupact this and other Lavel 1 activities. Criteria excluded:t %met o
speciel process; 1l-uo tests or resesrch fmvolved; 14-mot pert of USCS QA Pregres,

Moete step Mo, 4 of the QA Lavel Chechifot wherein this item 10 a step fs providing
site cherscterisation data that has a significset fwpsct on the dath beee thet
supports the fisel repository dssiga end sssessannt of the repositery perfermsace.
Criteris exludeds 9-wot & specilal process, ll-wo tests or resesrch fuvelved; 14-met
part of USCS QA Program. ¢

Meate atap No. 3 of tha GA Level Ohechifot vhetein If the locstions sre facerrectly
sessured, fncorrect of mislesding conclusions cen be drava from the date asd the
iten con fmpect this and other Level 1 activities, Criteria exluded: 9-wet &
special process, ll-ne teste or resesrch favolved; 34-uot part of USCS QA Pregraw.

Meete step No. 5 of the QA Level Checkliet whereia Af the data ere tmcorrectly
proceseed, imcorrect or mislesding costlustions can b drewa frew the data and the
iten can ispect this sad other level I sctivities. Criteria exlededs 9-wot
special precess, L1l-wo teste or reseerch favolved; 14-wot part of USCS QA Pregram,

Maete step Fo. 3 of the QA lavel Checkiist wherein 1f the reflectors are facorvectly
correlated, iscorvect or misleading conclusions csa ba drawa from the dsta and the
iten coa fopsct this and othar lavel 1 activities, Criteria exluded: %mot a
special process, 11-we tests or resesrch fnvolved; 14-wot pert of USCS QA Program.

(




RISE - USCS QUALITY LEVELS ASSICHMENT SHERT (Q‘!AS’ . MRS1-QALA-3222C-01-04, RO
Activity - Shallow Sefemic Refraction Survey (Plsca-type or equivalent) Page ] of 2
Nethod = Shallow Sefesic Refraction Profilimg -

QA o MQA-1 Criteria .
Method/Iten Breskdowm A lavel Requiveneate® Justification of lavel sud GA Criteris Exceptions
Select locatioas of '-..lll' n/A Recomnaicsence work snd p!n-‘ln.. does pot meet any attridutes of level I
poteantial refrection )ines e or Il. All ecriteris sre excluded siace they are required for Lavel I or
from published topogrephic . II oaly.
nepe .
Viste loeat.!ou of potentgsl ) m Same e sbove, Sane s sbove.
1tses fa the field to f /
deteruine the suitabilicy -
of the 1ises
. bnploy sefenic recelivers, 111 w/a Neete nome of the sttrilmtes of Level 1 or IX; 1€ festrumente are fsproperly
cadles, trigger, (‘/ deployed, they cen be redeployed ot minimel cost prior to date scquieition,
source, aad recovder All criteria are excluded pince they are .required for lavel I or II euly,
N [
nmorng_\_axmuormx
1 ORCANIZATION 7 CONTROL OF PURCRASED MAT'L, BQUIPMENT, SEXVICES 13 RANDLING, STORACE AND SHIPPING
2 QA FroCRan § ID AND CONTROL OF MATERIALS, PARTS AWD SUPPLIES 14 INSPECTION, TEST, AND OP, STATUS
3 DESICH AND SITE INVESTICATION COWTROL 9 CONTROL OF SPECIAL PROCESSES 13 CONTROL OF NONCONPORNING ITEMS
4 PROCUREMENT DOCUMINT CONTROL 10 INSPECTION (SYRVEILLANCE) 16 CORRECTIVE ACTION
3 INSTRUCTIONS, PROCEDURES AND DRANTNCS 11 TEST AND EXPPRIMENT/RESEARCN CONTROL . A7 QA RECORDS
& DOCUMENT CONTROL 12 CONTROL OF MEASURING AND TRST EQUIPMENT 18 avoITS

APPROVALS

P0 Technice Date Eflective Date
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WNIST ~ USCS QUALITY LEVELS ASSICHMENT SREET (QALAS)

Activity - Shallow Sefsuic Refraction Survey (Bisou-type or equivalest)

Method = Shallow Sefvaic Refrectios Profilisg

MAS1-QALA-3222C-01-04, RO
Page 20f 2

[T WQA-1 Criteris '
Method/Iten Breskdows lavel Raquirenents® Justiffcation of level and QA Criteris Esceptions
. f(
heck the i 1,2,3%,4,3,6,7,0, Meets otep Mo, 3 of the QA Laval Checklist wherelin 1f the tastruments sre improperly
geophons eessoTs, Te 10,12,13,13 checked, incorrect or mtelesdiag conclusfons can be drawa fros the data asd the
esbles, trigger, 16,17,18 supports the fisal repository design aad sssesssent of the repositery performsace.
source, and recorder Criteris exluded: 9-mot o special process, 11-90 tests or resesrch invelved; 14-wet
' part of USGCS QA Progree.

Survey the  § 1,2,3,4,5,68,2,08, Meets step No. 3 of the QA level Qhecklist wherein {f the 1foe loecations are fmpreperly
locatioa of the 10,12,13,13 sutveysd, iacerrect or misleading cosclusions can be drave from tha date sed the
seiomic 1lne 16,147,108 supporte the finsl repository design and assesseent of the repesitory performmmce.

Criterie esluded: 9-sot a special process, 11-no tests of reseerch fuvelved; lé-aet

part of USCS QA Progres. -
Acquire shallow 1 1,2,3,4,5,6,7,0, teats atep ¥o. 4 of the QA Lave) Checklist wherein this iten fo & step 1a previdisg
refraction trevel- 10,12,13,15,16, sfive charscterisation dats that hes a significant iwpect om the data bese thet
tiss dsts 17,18 supports the fissl vepository deeign and ssscssant of the repoeitofy performmmce.

Criteria exluded: 9-sot a epeciel process, 11-n0 teste or resesrch favelved; lé-wet

port of USCS QA Prograe.
Yuterpret shallow ¢ Ssme a2 abdove. Meste step Wo. 5 of the GA Level Checklist wherein 1f the traveitimes sre fucerrectly

refrection travel-tine

data

messured, iscorrect or mislseding conclasions cen be draws from the data and the
ften con impsct thie and other lavel I sctivities. Criteris exluded: 9-net o
epecial process, 11-we teste or reveerch favolved; lé-mot part of USCS QA Pregram.




WRISY = USCS QUALITY LEVELS ASSICMMENT SNRET (GALAS)

WWS1-QALA-3222¢-01-03, RO

Activity = Shellow Sefemic Reflection Survey (Niat-Scele or equivalest) Page 1 of 2
Hethod = Shallow Sefeate hl;eettoa Profiling
QA WA-1 Criteria , s
Method/Iten Preskéown lavel  Requiremente® Justification of Level and QA Criteris Exceptices
Select locetions of i w/A , Recomnstfesence work and plssning, does mot meet eay stteibutes of Level I (
poteatiel reflection lines . or 1. All eriteria ore ercluded since they ere required for level I or
from pudiiehed topogrephic . 11 ouly. )
nepe
Vieit locetions of potenttsl I Same as adove, Same &9 sdove.
1feee in the fleld to @ )
deternine the suitedilicy
of the 1ines
Servey locstion of goureces ¢ 1,2,3,4,5,6,2,0, Meete step Mo, 3 of the QA Lavel Checkifet wheretn 1f the loeations are facorrectly
#ed receivers along O 10,12,13,19,16, measured, facorrect or mielesding conclusions cen be drawn from the dats and the
reflection lines . 17,10 iten can fnpsct this sud other Level I sctivities. Criteria exluded: %-wot o
epecial process, ll-wo tests or resesrch fmvolved; 14-mot pert of USCS GA Progras,
SLECEND OF 18 QA CRITERIA OF Ma-1
1 ORCANIZATION 7 CONTROL OF PURCHASED MAT'L, BQUIPMENT, SERVICES 13 RAXDLING, STORACE AND SHIPPING
2 QA FROCRAN 8 ID AND CONTROL OF MATERIALS, PARTS AND SUPPLIES 14 INSPECTION, TEST, AND OP. STATUS
3 DESICN AND SITE INVESTICATION CONTROL 9 CONTROL OF SPECIAL PROCESSES 13 CONTROL OF NONCONPORMING ITENS A
4 PROCURENENT DOCUMENT CONTROL 10 INSPECTION (SURVEILLANCE) . 16 CORRECTIVE ACTION
3 INSTRUCTIONS, PROCEZDURES AND DRAMINCS 11 TEST AND EXPERINENT/RESERARCH CONTROL 17 QA aecomps
§ DOCUMENT CONTROL nmmor_mmmmrmm 10 AUDITS
APFROVALS
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MWSE - USCS QUALITY LEVELS ASSTCHMENT SNEET (QALAS)

Activity - Shellow Sefssic Reflection Survey (Nini-Sceie or equivalent)

flethod ~ Shallow Setemic Reflection Profiling

RISI-QALA-3222C-01-03, RO
Pege 2 0f 2

GAC. WA~1 Criteris ’ \ +
Method/Iten Breakdown Lavel Requirensats® Jastification of level and QA Criteria Exceptions
Perforn monthly teste . | ’ 1,2,3,4,3,6,7,8, Neets step Mo. 3 of the QA Lavel Checklifet whetein {f the fastrumente are fmpreperly
of geophoees and e 10,12,13,13,16, tested, incorrect or misleading counclusions cea be drawva froa the data and the
recordinsg equipment 17,19 seppecte the {inal repositery design avd assesssent of the repoeitory perfermsace,
Criteria exluded: 9-not & speciel process, ll-no tests ot research fnvelveds 16-net
patt of USCS QA Progran, ;
Deploy the m w/a Moete mous of the requiremente for levele I or 11; 1f equipmeat 10 teproperly
geophons sensove, E deployed, fastrumente can be redeployed st sioimal ewprase prior to deta
cadlee, sssurees, scquisition, ALl criteris ere excluded since they are required for lewel
and recording 1 er 1] culy.
oquigment "
Check that the geophene | 1,2,3,4,9,6,7,8, Neats step Mo, 3 of the QA lavel Checklist wherein Af the fastrwments are fmpreperly
sensors, cables, 10,12,13,13 ehecked, facorrect or misleading conclusions caan be drewa from the dats asd the
sources, sed recording ¢ 16,17,20 supporte the fimal repository design and sssessment of the repoetitety pecforammce.
aquipnest ave properly Criteria exluded: 9-not a speclel process, ll-me teste ot resesrch favolwed; 14-uet
deployed gid fusction~ part of USCS QA Progres. :
ieg
L]
Acquire shallow (7 1 1,2,3,4,5,6,7,0, Meets step Wo. 4 of the GA lavel Checklict wharein this ites 1o a etep fa providisg
reflection date 10,12,13,15,16, site charscterization data thet has a significant fspect ca the data base thet
17,18 supports the fisal repogitery design and assessaent of the repoeitory perforusace.
Criteria axluded: 9-uct a specis)] procesy, 11-80 testa or resesrch favolved; ld4-set
pert of USCS QA Progrem.
Process seisuic reflection 1 Ssme a8 ebove, Meots atep No, 5 of the QA Level Checkliet wherein Af the data ere fecorrectly
dsta weing commercielly . + incorrect or mielesding conclusions can be drawa from the data sad the
availadle softwere iten can impect this and other Level I activities. Criteris exlufeds 9-wot a
speciel proceses, Ll-wo teste or resesrch favolved; l4-mot part of USCS QA Pregram.
Ioterpret shwllow /\ . 1 1,2,3,4,5,6,7,8, Meste otep Mo, 3 of the QA Level Checkliet wherels 1if the data are fmcorrectly
reflection dsta ‘/ 10,12,13,15,16, fsterpreted, incorrect or mislesding conclusions cen be drawn from the data and the
17,18 iten can fepact thie and other level 1 sctivities. Criteria esluded: 9=not &

special process, Ll-mo teste or resesrch favolved; 14-mot part of USCS QA Progrss,




