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1.0 INTRODUCTION

1.1 Purpose and Scope

The objectives of this study are (1) to f{dentify the erosional processes
that have been operating in the Yucca Mountain area during the Quaternary, (2)
to identify the specific locations of past erosion. and (3) o quanzify the
rates of the different erosional processes and assess their relative

importance.

GCeomorphic processes in the southern Creat Basin and northern Mojave Deser:
are governed largely by climate, existing topography. tectonic activicy,
and the spatial and temporal relations between these determinants. Laze
Cenozoic extensional tectonisa and a predominantly semfarid-to-arid climate
have combined to produce a structurally dominated landscape of high relief wich
narrow, rugged uplands separated by broad, gently sloping lowland basins.
Within this landscape., erosion and erosional processes are mostly concentrated
in the high, steep, and relatively wetter uplands, whereas, deposition and
depositional processes are generally concentrated in the low, gencly sloping.
and relacively drier lovlands. The intervening piedmonts serve primarily as
surfaces of transper: betwveen the eroding uplands and aggrading basins.

Desert geomorphic processes acting in conjunction with extensional
tectonism have molded the present topography of the Yucca Mountain area, and
these processes continue to modify the landscape. Future tectonism, climatic
change. and (or) complex threshold-related changes could alter the intensity
and discribution of these processes, theredby changing present patterns and
rates of erosion and deposition. Such changes would in turn affect tovographvy
and surface drainage and could affect ground-water recharge., and subsurface
wvater flow. Howvever, available data - ggest that the region surrounding Yucca
Mountain has been geomorphically stable during much of the middle and lace
Quaternary, and that rates of erosion are likely to remain generally low dur:ing
the next 10,000 years.

The predominantly semiarid to arid climates of the past and present have
preserved the landscape of the region surrounding Yucca Mountain. Weathering
in arid environments proceeds more slowly than in more humid environments, anc
rock debris on most mountain bedrock slopes appears to be only slightly
weathered. Surface-wvater flov is intermittent and flashy, tyvpically occurring
in response to small, intenss storms of brief duration. Because of a lack of
perennial screams, long distance sediaent ctransport is alsc intermittent and
relatively slov. Indeed, sediment storage between upland slopes and basin
floor is manifested in a variety of constructional landforms, including
colluvial vedges, talus cones, alluviated valley floors, stream terraces, and
alluvial fans. The lace and middls Pleiscocens ages of many of these landforws
(as indicated by soil development, rock-varnish development, and radiometric
dating) atcest to the slovw and discontinuous nature of sediment transport
throughout the region. Limited surface water and sparse vegetation enhance
eolian processes vhich act to further slow the overall progress of upland
degradation. Fine particles deflated from basin floors are returned to upland
areas as sand sheets, thin blankets of desert loess (eolian silt) that commonly
veneer piedmont surfaces and hillslopes, and as sand ramps and dunes that
locally bury lower hillslopes.
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Three kinds of data will be obtained to characterize past discribution of
erosion and average erosion rates. First, the areal distribucion of hillslope
and alluvial deposits and surfaces of different ages will be shown on a
geomorphic map of Yucca Mountain. The map will show how modern erosion has
only slighcly affacted an essentially Pleilstocene landscape. Second, local
stream incision rates will be calculated by dating incised stream terraces and
sand ramps by U-trend, U-series, and cation ratio (rock varnish) dating
methods. Third, hillslope erosion rates will be calculated by measuring the
volume of debris eroded from the hillslopes in relation to rock-varnish-daced
hillslope surfaces and deposits. Hillslope degradation rates will be shown to
be very low: preliminary rock-varnish ages of up to 100,000 years old have been
calculated for some hillslope deposits on Yucca Mountain. Site-specific
average erosion rates will demonstrate that if the climate and tectonic
environment of Yucca Mountain are not significantly altered during the
post-closure period, then the repository is in no danger of being breached by
erosion.

Activities planned for this study include (1) distribution and
characteristics of past erosion, (2) analysis of the downcutting history of

< Fortymile Wash and i{ts tributaries, and (3) analy=zis of nillslope erosion.
Preparation of a geomorphic map for Yucca Mountain will permit the delineaction

Al of erosionally active and stable areas, and the correlation of the various

-~ surficial deposits with the gecmorphic processes of their origin.

: Investigation of the downcutting history of Fortymile Wash will yield ages of

Ly strean terraces, depths of stream incision, stream gradients, and lithologies

of stream gravels. An analysis of hillslope erosion wiil result in a -
determination of hillslope erosion rates, and the genesis of hillslope
deposits.

Assessaent of the characteristics and distribution of past erosion will
involve characterization of the folloving parameters: (1) locations of areas
of active erosion; (2) locations of geomorphically scable areas; (3) discri-
bution of deposits originating from different geomorphic processes; (4) ages of
~ strean cterraces; (5) depths of strean incision; (6) stream gradients; (7)
licthologic composition of stream gravels; (8) rock-varnish ages of hillslope
deposits and surfaces: (9) textural and sedimentary characteristics of
hillslope deposits; and (10) approximate volume of material eroded from
hillslopes during the Quatermary.

1.2 Application of Results

Geomorphic processes in the southerm Great Basin and northern Mojave Desert
are deternined largely by climate (Climatology, WBS 1.2.3.3.7), existing
topography (Topographic Analysis, WBS 1.2.3.2.1.2), and tectonic activicy
(Tectonics and Volcanisa, WBS 1.2.3.2.3.1), and by the spatial and teamporal
relations tetveen these determinants. Desert geocmorphic processes acting in
conjunction vith extensional tectonisma have molded the present topography of
the Yucca Mountain ares, and these procasses continue to modify the lardscape.
Future tectonisa, climatic change, and (or) complex threshold-related changes
could alter the intensity and distridbution of these processes, thereby changing
present pattarns and rates of erosion and deposition. Such changes would in
turn affect topography, surface drainage (Streamflow, WBS 1.2.3.3.1),
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ground-vater recharge (Regional Hydrology. W3S 1.2.3.3.3.4), and subsurface
wvater flow (Saturated Zone Hydreology, WBS 1.2.3.3.3 and Unsaturated Zons
Hydrology, WBS 1.2.3.3.4). The flow of information assoclated with this scudy

{s schematically represented i{n Figure 1-1.

Average late Tertiary and Quaternary erosion rates for local areas of the
southern Great Basin and northern Mojave Desert can be inferred from height
differences between active and relic basalt-capped erosion surfaces.
Site-specific data is needed at Yucca Mountain to calculate accurate long-term
average erosion rates. These site-specific average erosion rates will
demonscrate that {f the climate (Climatology. WBS 1.2.3.3.7) and tectonic
(Tectonic and Volcanism, UBS 1.2.3.2.3.1) environment of Yucca Mountain are not
significantly altered during the post-closure period, chen the repository is in -
no danger of being breached by erosion. -

The application of these results will be used to address a specific
{nformation need of NNWSI-Project {ssues hierarchy. The specific i{nformation
need satisfied, in part, by these resulcs is 1.17.1 Presenc Locactions and Paces
of Surface Erosion. This information need supports the resolution of lssue
1.17 concerning the description of futurs erosional processes and rates

= necessary for design and performance assessment analysis. The study location
-— vithin the {ssues hierarchy, {llustrated in Table i-1, summarizes the
relationship to other elements delineated in the SCP and the logic of the
>~ information need and issue resolution. The performance, design, and
characterization information needs that will use the information developed by
< this invescigation are listed in Table 1-2.
~ -
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Table 1-1. Study Location Within the Issues Hierarchy. (February, 1987)

Issue 1.17 - Do the data collected in order to describe the future erosional
processes and rates provide the information required by the design and
performance {ssues?

Information Need 1.17.1 - Present locations and Rates of Erosion

Study 1.17.1.1 - Distribution and Characteristics of Present and
Past Erosion

Activicy 1.17.1.1.1 - Development of a Ceomorphic Map of Yucca
Mountain

Activity 1.17.1.1.2 - Analysis of the Downcutting History of
Fortymile Wash and Its Tributaries

Information Need 1.17.2 - Potrential Effects of Future Climatic Conditions

- on Locations and Rates of Erosion

" Information Need 1.17.3 - Potential Effects of Tectonic Activity on
-~ Locations and Rates of Erosion

< Information Need 1.17.4 - Potential Effects of Erosion on Hydrologic

Characteristics

o
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Table 1-2. Information Needs which Use the Study Results in Performance,
Design, and Characterization Assessment Analyses. (February, 1987)

Performance Information Needs

1.1.1 Site information needed to calculate the releases of radionuclides to
the accessible environaent.

- 1.1.3 Calculati{onal models for predicting releases to the accessible
environasnt attending realizations of the anticipated and unanticipated
release-scenario classes.

1.4.4 Estimates of the rates and mechanisas of containment barrier
degradation in the repository environment for snticipated and
ananticipated processes and events.

1.6.1 Site information and design concepts needed to identify the fasctest
path of likely radionuclide travel and to calculate the ground-wacer
N travel time along that path.
.- 1.6.3 Identification of the paths of likely radionuclide travel from the
disturbed zone to the accessible environment, and identification of the
~ fastest path. p

i
-
ES
~

Dezermination of the pre-vaste-esplacement ground-water travel time
along the fastest path of likely radionuclide travel from the discturbed - -
zone to the accessible envirornment. -

1.7.2 Deternination chat the subsurface conditions encountered and the
r changes in chose conditions duriug construction and wvaste emplacement
operations are within the limics assumed in the licensing review
[1OCFR60.43(b). 60.74, 60.140(a)(1l) and 60.141(b)].

1.8.1 Determination if the favorable conditions present at the site, together
with the engineered barrier system, are sufficient to provide
reasonable assurance that the performance objectives relating to 24
isclation of waste will be met. R

’ !7(‘

1.9.1 Evaluations to support higher level findings for each of the
disqualifying conditions. L

1.9.2 Evaluations to support higher level findings for each of the technical

guidelines. © 3
1.9.3 Evaluations to support the higher level finding for the systea -
guidaline. "oy

2.1.1 Site and design dacta required to support retrieval.

2.2.1 Site and design informaticn needed to assass preclosure radiological
safety.
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Table 1-2. Information Needs which Use the Study Results (n Performance,
(cont.) Design, and Characterization Assessaent Analyses. (February, 1987)

Evaluations to support higher level findings for each of the
disqualifying condicions.

2.5.2 Evnluaciéns to support higher level findings for each of the qualifying
conditions of the technical guidelines.

Evaluastions to support higher level findings for each of the qualifying
conditions of the systea guideline.

Sice information needed for design.
Meteorological conditions in the vicinity of the site.

Potential extreme weather phenoaena and thelr recurrence intervals.

Design Information Needs

1.11.1 Site characterization information needed for design.
1.12.1 Site, waste package, and underground facility informstion needed for
design of saals and their placement methods.
¢hacactexizacion Information Needs

1.16.1 Nature and rates of change in climatic conditions cto predict future
climates.

1.16.2 Potential effects of future climatic conditions on hydrologic
characteristics.

1.17.2 Potential effects of furure climatic conditions on locations and rates
of erosion.

1.17.3 Potential effects of tectonic activity on locations and rates of

erosion.

1.17.4 Potential effects of erosion on hydrologic :haracteristics.

1.17.5 Potantial effects of srosion on geochemical characteriscics.

1.17.6 Potential sffects of erosion on réck charactaristics.
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Table 1-2. Information Needs which Use the Study Results in Performance,
(cont.) Design, and Characterization Assessaent Analyses. (February, 1987)

— 1.19.1 Rates and magnitucdes of potential igneous activicy.

1.19.2 HNature and rates of tectonf{c processes, including faulcing. folding.
uplifc and subsidence, and seisaic acctivity.

4.6.2 Soil and badrock properties of potential locatlions of surface

facilities.
4.8.1 Flood recurrence intervals and levels ac potential locations of surface ;
facilicies. 3
< ;
. 3
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2.0 RATIONALE FOR THE STUDY

2.1 General Approach

A description of present locations and rates of surface erosion can be
prepared by integrating information obtained from two principal areas of study.
These include (1) characterizacion of regional surface water. and (2) past

erosion studies.

This Scientific Investigation Plan describes activities associated with the
discribution and characterization of past erosion, conducted under GCeology WBS
1.2.3.2, according to the structure presented in Figure 2-1. The study of

present-day erosion {s described in SIP-3310G-01, Characterization of Regional
Surface Water.

The following three activities are planned for this study and included in
this Sclentific Investigation Plan: (1) development of a geomorphic map of

Yucca Mountain; (2) analysis of che downcutting history of Fortymile Wash and
its tributaries; and (3) analysis 5f£ hillslope erosion. The sctruccture for this
study is presented in Figure 2-.2.°

Maps are included within this Scientific Investigation Plan as
flluscrations for planning purposes; specific sampling sites shown on these
maps and discussed in the text may be modified in the furture without formal
revision of this document.

2.2 Quality Assurance Leavels

One requirement for participation in the NNWSI Project is that a Quality
Assurance Progran Plan (QAFP) will be prepared to describe how the participan:
will satisfy the quality assurance requ..ements of thes project and to recogni:ze
the importance of both radiological and non-radiological health and safety
related activities. The QAPP brings together an assimilation of Qualicy
Assurance Management Procecdures (QMP) that are in coapliance wvith the NNWSI
Project QA Plan, NVO-196-17. The Plan includes preliminary organizational and
explanacory elements followed by the procedures for its implementation.

The USGS QA Program {dentifies 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 cthese organizations. The USGS QA Progran Plan provides comntrol over
activities that affect the quality of the identified structures, systeams, and
components to an extent consistent with their importance to safety. The
activities that affect quality are accoaplished 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 given activity have been satisfied. The USGS QA
Progran also takes i{nto account the nesd for controls, processes, test
equipment, inscruments and skills to attain the required quality, and the need
for verification of quality by inspection, test, and (or) peer review. The

»,1!'.> -
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USGS QA Program- provides for {ndoctrination and as necessary, training of
personnel performing activities that affect gquality to assure that suitable
proficiency is achieved and oaintained. The Vaste Management Project Office
(WMPO) regularly assesses the status and adequacy of the QAPPs of the U.S.
Ceological Survey and Support Conctractors by means of surveillance and audit
activities. The USGS and Support Contractors’ managenent shall assess the
adequacy and implemenctacion of cheir QA Program Plans on an annual basis.

The provisions of a QAPP and its {mplemencing documents apply to all
nuclear-wvaste managensent activicies performed by USCS participants and by
concractors to the USGS who do not have a qualifying QAPP. 1t {s the
responsibilicty of che Assiscanc Director for Engineering Geclogy of the USGS,
or his delegate, to assure compliance of the USGCS with the requirements of this
QAPP. The Chief, Branch of NNUSI, shall be responsible for enforcing and
assuring the preparation and faplementation of the Quality Assurance Program.
The Manager of the Quality Assurance Gffice 1s responsible for preparation of
the QAPP and its associacted Quality Management Procedures and for tracking and
verifying their implementation. The participating investigators are assigued
responsibility for preparation of their technical procedures and for becoming
familiar vith and {mpleaenting appropriate parts of the QAPP under the guidance
of the Quality Assurance Office. All support contractors and suppllers shall
be responsible for compliance vith pertinent secticns of this QAPP.

In conformance wvith the NNWSI QA Plan (NV0-196-17) as specified in
NNWSI-USGCS-QMP-3.02, the USCS uses a graded approach to qualicy assurance based
on the differences between items and activities that affect radiological healcth
and safety and those that do not. This approach assigns QA requiremencs ac a
level consistent vith the activity’'s or item’s potential impact and (or}
importance in teras of radiological health and safety, non-radiological health
and safety, the Nuclear Reguiatory Commission (NRC} licensing process, costs,
and schedules. The requirements shal. oe:

For Level 1 & II - Compliance with all 18 Cricteria of 10CFR50, Appendix 3,
as described in NQA-1 and incorporated in the USGS QA Manual is required
unless omission of a specific criteria is noted and thoroughly justified
according to Para. 6.3.6 of QMP-3.02; and

For Level III - Requirements for existing good scientific practice shall
apply.

2.3 Other Applicable Information

The reference list at the end of this plan provides a tabulation of
technical reports and publications that are used as a basis of existing
information pertinent to the objectives of this study. Reports and
publications of work sponsored by the NNWSI Project are listed, including those
produced bv the USGCS and and other project participants. Data, samples,
incerpretations, and conclusions pertinent to the stractigraphy of the Yucca
Mountain Sits area are described in these documents.

Data compiled or produced throughout this study, vhich will be used for
site characterization will be input to or obtained from the NNWSI Project data
base in accordance with WMPO procedures.
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Data or data interpretacion developed prior to Augusc 1980, che
{mplementation date of the NNWUSI Quality Assurance Plan, will be handled
according to procedures outlined {n the USGS Quality Assurance Plan, NNWSI-USGS
QMP-17.02 (Acceptance of Data Not Developed Under the NNWSI QA Plan).

QMP-17.02 {s not i{ntended to cover data or data interpretations that wvere
generated by the NNUSI participants after August 1980. Daca or data
interpratations developed after August 1980 will be handled according to
procedures outlined in §NUSI-USCS QMP-3.04 (Technical Review of NNWSI-USGS
Publications). < ata or data interpretations generated after August 1980 wvhere
the NNWSI QA Plan was not impleaented shall be processed {(n accordance with
NNWSI-USCS QMP-15.01 (Control of Nonconforming Iteas).

2.4 Progran Interfaces

This study supports the effort to {nvestigate erosion in the Yucca Mountain
region; Tectonics and Volcaniss, WBS 1.2.3.2.3.1. To save time and efforc,
geosorphic maps are constructed from such of the effort cconducted to develop
surficial deposit maps; Climatology, WBS 1.2.3.3.7. Ages of strean terraces,
1sotope Geology, WBS 1.2.3.2.3.2; help to refine average incision rates used to
calculate future erosion rates contributing to an evaluation of the
palecenviroraental hiscory: Clisatology, WBS 1.2.3.2.7. Sctream gradient data
supplenents streanflov scudies conducted under Streanflow, WBS 1.2.3.3.1.

Several geologic tasks provide supporting evidence to aid the evaluation of
erosion. Rock varnish dates are calibrated using K-Ar dated volcanic rocks;
Geochemistry, W8S 1.2.3.4. U-crend methods; Isotope Geology. WBS 1.2.3.3.1:
provide dates for alluvial deposicts. prillhole; Site Geology, W8S 1.2.3.2.1.1;
and geophysical; Geophysical Investigations, WBS 1.2.3.2.2; dacta are exanined
to determine if Fortymile wazh is situaced along a fault or faulct zone.

Data base management for sitce characterizacion activities {s coordinated
through the NNWSI-Project data bases developed under Technical Data Base
Management, WBS 1.2.1.3. Saaple manageaent is coordinated through the
NNWSI-Project sample managesenc facilicy.
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3.0 DESCRIPTION OF ACTIVITIES
1.1 Development of a Geomorphic Map of Yucca Mountain

3.1.1 Introduction

The objectives of this activity are (1) to determine the areal distribution
of active erosional areas and geomorphically stable areas, and (2) to determine
the spatial discribuzion of the different types of geomorphic processes and
associated deposits.

The distribution of landforms and areas of present and past erosion at
Yucca Mountain will be shown on a geomorphic map of the area. The map will
clearly show the limited sreas of modern erosion, and the large stable areas
that are mainly unaffected by modern erosion. Accurate distribution of areas
of modern erosion is important for calculation of present and future erosion

Tates.

The geomorphic map is expected to be a derivative map of the surficial
depcsits map. The surficial deposits map will show the types and ages of
surficial deposits on the landscape. The geomorphic map will show landforms
and the types of past and present geomorphic processes that are chiefly
responsible for the deposition (and in some cases the removal) of these
deposits. Age of deposits can be used to infer the relative stabilicy or
instability of che deposit or landform. In order to save time and duplication
of effort, the geomorphic map will be constructed from much of the aerial
photograph interpretation and field checking of deposits and map unit contacts
that vill be done for the surficlial deposits map. Dating of surficial
deposits, with the exception of the detailed study of hillslope deposits, will
alsc be accomplished in the surficial deposits map activicy and in the eolian
history activity. Anticipated field . ck will be limited to examination of
areas that are not studied in detail by other arosion and paleoenvironmental
activities. The geomorphic interprecation of the surficial deposits will be
primarily based upon the interprectations of origins from other
palecenvironzental studies of Yucca Mountain and reported in the syncthesis of

the Quaternary history of Yucca Mountain.
3.1.2 Supporting Activities

3.1.3 Equipaent

Equipaent required to conduct this activicy is {dentified in the
technical procedures. No additional major equipment {s required for this
activity. Maintenance and repair of existing equipment, however, say be

necessary.

3.1.4 Methods, Procedurss, and Quality Assurance

Specific investigative methods used in the developaent of a geomorphic
map study are listed in Table 3-1. Idenc:fied in the table are supporting
technical procedures used tc assure the quality and traceability of the
activity and data collection; the spplicable QALA nuabers; and softwars

requirements.
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Approved procedures are ident{fied with a USGCS nuaber, title, and
effective date. Procedures that require preparation before this plan is
{mplemented 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 Assignments (QALA) for
each method identified including criteria exception justifications for each
method idencified.
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Table 3-1. Methods and Technical Procedures for Development of a

Geomorphic
Map of Yucca Mountain

0

o

Technical Procecdure- QA Level Assignment

Method Ticle Shest (QALAS) Number Software
(NWN-USCS-) (NNUSI-QALA-) Reference

b 2R

3

Preparation of a geomorphic GP-01, RO Geologic Mapping to be revised 3231G-10-01
map of Yucca Mountain from and derlivative,

the surficial deposits map interpretive maps

AR
EA-ae

«.
LA
o
e
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3.2 Analysis of che Downcucting History of Fortymile Wash and lIts Tributaries

3.2.1 Introduction

The objectives of this activity are (1) to determine stream incision rates
on Fortymile Wash and selected cribucaries; and (2) to determine the causes of
major downcutting episodes on Forcymile Wash.

Fortymile Wash (s a nmajor geomorphic feature situated about ) kilometers
(1.9 miles) east of the proposed repository. The wash flows south ocut of the
Ti{mber Mountain caldara drainage basin, about 680 square kilometers (261 squarte
miles) in size, and is incised detwveen 20 and 25 mecers (66 and 82 feec) into
Quaternary deposits along its course easc of Yucca Mountain (Swadley et al,
1984). Dune, Sever, and Yucca Washes are incised from 2 to 25 meters (6 and 82
feet) into Quaternary deposits as measured from topographic maps. The washes
and their tributaries are incised as much as 100 meters (328 feet) into bedrock
dip slopes and slong fault and fracture zones on the east side of Yucca

Mountain.

s AP TP AT AR AN A

~ Rates of stream incision are greater than surface degradation rates, and

te the downcutting of the Fortymile Canyon represents the highest localized

ercsion rate at Yucca Mouncain. The average rate of stream incision below the

main stream terrace i{s about 8.5 centimeters (3.3 inches) per 1,000 years

~ (Swadley et al, 1984). Hovever, the age of the streanm terrace is based not on
a direct radiometric age, but on correlation to isotopically dated deposits

< with sizilar soil development. In this study, all major stream terraces on
Fortymile Wash vill be dated by sither U-trend, rock varnish (cation raties).
or radiocarbon methods. By dating all terraces, average incision rates can be .
refined for specific intervals of dowvncutting betveen episodes of valley
aggradation and subsequent terrace formation. Terraces on Fortymile Wash
tributaries will be dated in an effor. co refine the youngest episodes of
valley aggradation and incision. These site-specific incision rates will be
used to calculate future erosion rates near the repository. This informacion
will also be valuabie for interpreting the palecenvironmental hiscory of Yucca

~. Mountain.

Another aspect of this activity is to determine the cause or causes for
the downcutting of Fortymile Canyon, because this canyon is unusually deep when
compared to other canyons in Great Basin piedaonts and basins. Sctructural
control of the canyon has been suggested (but not proven) because major faulcs
bounding Yucca Mountain also have a north-south orientation. Stream capture
has also been suggested as a sechanism parcly responsible for accelerated
stream incision, but this hypothesis is also unproven. To identify
contributing factors to this unique geomorphic feature, former stream gradients
vill be reconstructed from stream terrace profiles, and strzam gravel P,
lithologies will be examined to {dentify any changes in upper basin source i
areas. These two investigations will help in deciding vhether or not strean
capture vas a major factor in the formation of Fortymile Wash. Also, all
relevant subsurface information, both drillhole and geophysical data, will be
examined to decide whether or not Fortymils Wash is situated along a faulc or

fault zomne.
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3.2.2 Supporting Activities

3.2.3 Equipment

Equipment required to conduct this activity is idencified i{n the
5 technical procedures. No additional major equipmenc {s required for this
4 activity. Maintenance and repair of existing equipment, however, may be

necessary.
3.2.4 Methods, Procedurss. and Quality Assurance

Specific investigative methods used in the analysis of the downcutting
history of Fortymile Vash and icts tributaries study are lisced in Table 3-2.
Identified in the table are supporting technical procedures used to assure the
* quality and traceabilicy of the activity and data collection; the applicable
QALA nuabers; and softwvare requiresents.

Approved procedures ate {dencified with a USGCS number, title, and
effective date. Procedures that require preparation before this plan is
iaplemented are {dentified as being nesded. Work shall not proceed on these

< activities until the applicable technical procedures have been prepared,

- revieved, and approved in accordance with NNUSI-USGS-QMP-5.01. Appendix A of
this plan contains coapleted Qualicy Assurance Level Assignaents (QAlLA) for

~ each method identified including criteria exception justifications for each
method identified.

c

-~
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Table 3-2. Mathods and Technical Procedures for Analysis of the Downcutting History of
Fortymile Wash and lta Tributarles

AR LR Technical Procedure------------- QA Level Assignment
Method Number Tictle Date Sheet (QALAS) Nuamber Software
(WM -USGS -) (KNWST-QALA-) Reference
Dating of msjor terraces CLP-02, RO  Labeling, ldentification, 04/30/81 3231G-10-02
on Fortymila Wash and Control of Geochrono-
logy Samples
CCP-04, RO Uranium-Traend Dating 06/15/81 -
CCP-03, RO Uranium-Serles Dating 06/15/81
Needed Cation Ratio (desert
varnish) Dating *
Needed Radiocarbon Dating
Ceneration of stream Needed Cenerstion of Streanm 3231G-10-03 ..
gradients : Cradients
JIdentification of gravel GP-03 RO Stratigraphic Studies 03/01/83 3231G-10-04
lithologles
Examination of lithologlc CcP-02, %0 Subsurface Investi- . 03)/01/83 3231G-10-05
logs of previously drilled gations

boreholeas

* Responsibility applies to LANL and {s referenced here as an interfece, if USGS
assumes responsibility for method, the technical procedures will be developed.

- L 4 [ 33 mt ARt 118 N
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3.3 Analysis of Hillslope Erosion

3 3 1 Introduction

The objectives of this aczivizy are (1) to calculate Quaternary rates of
hillsiope erosion on Yucca Mountalin in bedrock and surficial deposits, and (2)
*o zecermine genesis and rates of movement of hillslope deposits.

Degradation of upland areas in the Yucca Mountain region is relatively
slo=. with average downwasting rates over the last 1 to 5 million years
probably between 0.5 o 2.0 centimeters (0.2 20 0.8 inches) per 1,000 vears on
lower hillslopes and proximal piedmonc areas and less chan 0.5 cencimecrers (0.2
inches) per 1,000 years in middle and distal giedmont areas (Dohrenwend et al.
198« Dohrenwend. 19856).

The main objective in this activity is to obtain site-specific data on
upland erosion from the Yucca Mountain area. These data will be used o
calculate average Quaternary erosion rates on hillslopes, which are among the
mos: actively eroding landscape uniis in the site vicinity except for Fortymile
wash Site-specific erosion rates calculated from hillslopes and adjacent
piedront surfaces will be the most accurate ancd applicable erosion rates
pertaining to the proposed repository. These will be the rates that will be
adjuszed in the postclosure period on the basis of postulaced future tectonic
activity and future climates.

“he calculation of sice-specific erosion rates will be possible because of
the development of a new dating cechnique for analysis of rock varnish. Rock
varnish (sometioes called desert varnish) is nearly ubiguitous in semiarid and
ar:d regions. It is a cthin coat of ferromanganese oxides, clay minerals. and
bioiogic material accreted on rocks in a variexy of environmental sectings.
Varn:shed deposics and surfaces can be .ated because several mobile cations in
she arnisk are depleted with time. The ratio of mobile to immobile cations
(K+Za/Ti) decreases with time, providing a reiative age sequence fcr varnishes
in a given area. Absolute age estimates of varnishes in the Yucca Mountain
area can be decermined because a cation-leaching curve is calibraced by
cation ratios from K-Ar-dated volcanic rocks in Crater Flac and by
U-crand-dated alluvial deposits near Yucca Mountain. Maximum incision parallel
to the dated hillslope deposits and bedrock surfaces will be measured, and
where possible, volumes of sedimenc scripped from the hillslope will be
calculaced by a computer-assisted phctogrammecric mapping system. Erosion
rates for surficial deposits and bedrock will be different because of the
greater competence and slov weathering rates of the volcanic tuffs. Erosion
rates for both bedrock and surficial deposits will be used to estimate future
erosion rates during the postclosure period.

The origin of the hillslope deposits has not been explained, so parc of
this activity will focus on investigating the genesis and histery of these
deposits. An understanding of their genesis and history is important to both
the erosional history and to the palecenvironmental history of Yucca Mouncain.
The texture of these deposits will be determined by grain size analysis, and
sedimentary structures of the depusits will be described vhere the deposits
have been exposed by erosion or shallow excavations.




57

1

Wy

USCS-SIP-3231G-10, RO
Page 25 OF 133

Detailed dating of these deposits will make it possible to describe whether
hillslope erosion has been more or less continuous throughout the Quaternary.
or whether there have baen climatically controlled episodes of accelerated

hillslope ercosion.

It is anticipated that these erosion rate studies will i{ndicate that the C.
proposed repository is situaced in an environment having unusually low
Quaternary erosion rates, and cthat fucture erosion rates will not pose a hazard

to the repesitory.

3.3.2 Supporting Activities

3.3.3 Equipment

Equipaent required to conduct this activicy is identified in the
technical procedures. No additional major equipment is required for this
activity. Maintenance and repair of exiscting equipment, however. may be
necessary.

3.3.4 Methods, Procedures, and Quality Assurance

Specific investigative methods used in the analysis of hillslope erosion
studies are listed in Table 3-3. TIdentified in the table are supporting
technical procedures used to assure the quality and traceability of the
activity and data collection; the applicable QALA nusbers; and sofcware
requiremcnts.

Approved procedures are ldentified with a USGS number, tictle, and .
effective date. Procedures that require preparation before this plan is
izplemenced are identifiea as being needed. Work shall not proceed on these
acrivicties until the applicable techni.al procedures have been prepared,
revieved, and approved in accordance vith NNWSI-USGS-QMP-5.01. Appendix A of
this plan contains completed Quality Assurance Level Assignments (QALA) for
each method identified including criteria exception justifications for each
method identified.
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Table 3-3. HMethods and Technical Procedures for Analysis of Hillslope Erosion

secsescecres--.-Toechnical Procedure-->----sceo--.

QA Level Assignaent :
Method Number Ticle Date Sheet (QALAS) Nuamber . Software
o (NWM-USGS-) (NNUS1-QALA-) Reference
\F
o Rock varnish dating of Needed Cation-Ratio (desert 3231G-10-06 TBAD
hillslope deposits varnish) Dating *
< Measurement of hillslope Needed Measurement of Hillslope 3231G-10-07
arosion Erosion
Laboratory analysis of Nesded Sediment Size Analysis 3231G-10-08
~ hillslope deposits
~ * Responsibllity applies to LANL and {s referenced here as an interface,
{f USGS assumes responsibility for mathod, the technical procedurcs will
be developed.
.- .
X ‘. * .
b
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4.0 SCHEDULE AND MILESTONES

The field investigations of this study will commence following approval of
the technical procedurss. An essential component of the quality assurance
lavel assignments includes the identification of technical procedures required
of all QA Lavel 1 activities. Preparation of these procedures constitutes a
prerequisite for initiating this study. The schedulea presented in Flgure &4-1
suznarizes s sequence of events associated with the preparation of the
technical procedures and the activicies for this study. These diagrams are
refarenced to the start of a fiscal year but are dependent on completion of

technical procedures.

A list of reports resulting froa this sctudy is included in Table 4-1.
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Table 4-1. List of Reports Identified for the Distribution and
Characteristics of Past Erosion.

Node Descriotion

TBD Map: Geomorphic Map of Yucca Mountain, 1:24,000

T8D Report: Downcuctting History cof Fortymile Wash

T8D Report: Age and Genesis of Yucca Mountain Hillslope Deposits
TBD Report: Rates of Hillslope Erosion on Yucca Mountain
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NNUSE - USGS QUALITY LEVELS ASSICNMENT SHEET (QALAS)
Activity - Dcvelopment of & Geomorphic Map of Tucd Mountain

Method - Preparation of » geomorphic map of Yucca Mountain from the surlicial doposits map

NI/ST QALA-3231G-10-01, IO-

Page ¥ of )

QA NOA-Y Criteria

Method/ltem Breskdown Level Requirescnts® Justification of Level 8 OA Criteria Enceptioms

Preparation of s geomorphic [} 1,2,3,4,5,4,7,8, Meets otep No. 2 of the QA Level Checkiist wherein thin item is & step in
sap of Yuces Nountsin frea the 10,12,13,13,16, providing site characterizstion deta thet hes o significant ispact on the
surficial deposits sep 17,18 date bass that supports the {inal repositery design and assessment of the

“LECEMD OF 18 QA CRITERIA of MQA-1

repository performance. Criteris enctuded: ¥ - not & specisl process; 11 -

no tests or research (avolved; 14 - not part of USGS GA Progras.

O W SN -

APPROVALS

ORGABI AT IOM
QA PROGRAN
OESICN & SITE INVESTIGATION COMTROL
PROCURENENT DOCLINENT COMIROL
INSTRUCTIONS, PROCEOURES & DRAVINGS
DOCLIENT COMIROL

T CONIROL OF PURCMASED MAT'L, EQUIPKENT, SERVICES 13 BAMDLING, STORAGE & SHIPPING
8 1D & CONIROL OF MATERIALS, PARTS & SAWLES 14 LuSPECTION, TEST, & OP. STATUS
9 COMIROL OF SPECIAL PROCESSES 15 CONTROL OF WONCONFORMING |TENMS

10 INSPECTION (SURVE ILLANCE) 16 CORRECTIVE ACTION
11 TEST & EXPERIMENT/RESEARCH CONTROL 17 GA RECORDS
12 COMIROL OF MEASURING & YEST EQUIPMCNMT 18 ADItS

VAT, % O 15/ss wr— &>

Origiratos 4 te ity Assurance Manager Date Chief, Branch of NawSi Oate
(4. Whitney) . (J. 2, Wwilimon) (A. N, mandy, lor
L. &, HWayss)
Oual ity Agsuronce pate ANPO tochnical pate Eticctive Pate
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Activity - Analysis of the Downcutting Wistory of fortymile Vash and Its Tributaries

. Page | of 1
Nethod - Dating of major terraces on fortymile Wash

oA MQA-1 Criteria
Nethod/ites Breskdown Llevel Requirements® Justification of Level § QA Criteris Exceptions

Cation ratio (LANL) [} 1,2,3,6,5,6,7,8, Meets step No. 2 of the QA Level Checklist wherein the itea provides dats

rediocarbon, U-serles, 10,12,13,15,18, to be used in site characterization. Criteria eacluded: 9 - not & special
and U-trend dating HAL process; 11 - no tests of resesrch involved; 14 - not part of USGS QA
of colls Program.

SLEGEND OF 18 QA CRITERIA of MOA-Y
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orlginator Date Lity Assurance Ransger Oate Chief, Branch of NuWSI Date
(4. Wh:tney) ¢4. R. Wilimon) (A. W, Wandy, for
L. A, Maycs) H
WPO Oual ity Assurarce Date WO Jechnical pote Ellcctive Date
_— 4
. .
N .‘




NNUSS - USGS QUALITY LEVELS ASSICHmENT SHEET (QALAS)

NNVS!-0ALA-3231G-10-03, RO
Activity -+ Anslysis of the Downcutting Wistory of fortymile Vash and Its Iributaries

Page V of 1
Method - Gereration of stresm gradients
oA MOA-Y Criteris
Hethod/item §reskdown Level Reguirements® Justification of Level & QA Criteris Exceptions
Conaration of stream gradients 1 1,2,3,4,5,6,7,8, Neets step Mo, § of the GA Level Checklist wherein this item can 1epact the
10,12,13,15,16, entice activity and other relsted Lavel | activities Il not performed |
17, correctly. Criteria sacluded: 9 + not & specisl procuss; 1 - no tests or

research involved; 14 - not part ol USGS QA Prograa.

SLEGEWD OF 18 QA CRITVERIA of WaA-1

1 ORGANIZATION 7 COMIROL OF PURCHASED MAT*L, EQUIPMENT, SEAVICES 13 RAUDLING, STORAGE & SHIPPING
3 QA PROGAAM § 10 & CONTACL OF MATERIALS, PAATS & SAWLES 14 (usPECYION, T4SY, & OP. STATUS
3 OESICH & SITE INVESTIGATION CONTROL 9 COMTROL OF SPECIAL PROCESSES 1S COMTROL OF MOMCOMFORMING |TEWS
4 PROCURENENT DOCLBENT CONTAOL 10 I1NSPECTION (SURVELLLANCE) 16 CORRECTIVE ACTIOM
S INSTRUC(1ONS, PROCEOURES & ORAUINGS 11 JEST 3 EXPERIMENT/RESEARCH COMTROL 17 QA rECORDS
& OOOUMENT COMTROL 12 CONTROL OF MEASURING & TEST EQUIPPENT 18 MDITS
APPROVALS

k[:: (em&;!i Jzzzvg g.kwa M &
orlginator bate Lity Assurence Ranager Date Chief, Branch of NNWSI| Date
(J. Whitney) (4. R, Vitlmon) (A. W, nardy, for

L. k. Naycs)

_\MPO Quality Assurance Oate WMPO Technical Date Effective Date




MNWSL - USGS QUALITY LEVELS ASSIGHMENT SHEET (QALAS)

Activity - Analysis of the Downcutting Mistory of Fortymile Vash and 1ts Iributaries
Method - Identification of gravel Lithologies

NWWSE-QALA-3231G-10-04, RO

Page 1 of

'

QA NOA Y Criterin

Nethod/{tem Breskdown fevel Requirements® dustification of Level & OA Criteris Eaceptions

Identiticotion of gravel | $,2,3,4,5,6,7,8, Reets step ¥o. 2 of the GA Level Checkiist wherein the (tew provides data

tithologles 10,12,13,15,%6,  to be used In site characterization. Criterial encluded: ¢ - not & spacial
17,18 Process; 11 - no tests or resesrch involved; 14 - rot part of USGS QA

Progrem.

SLEGEND OF 18 QA CRITERIA of MQA-Y

1 ORGANIZATION 7 COMTROL OF PURCHASED RATI'L, EQUIPMEMT, SERVICES 13 RAMDLING, STORAGE & SNIPPING

2 QA PROGRAN 8 10 8 COMIROL OF MATERIALS, PARTS & SAWPLES 14 INSPECTION, VEST, & OP. STATUS

3 DESIGN & SITE INVESTIGATION CONTROL ® CONTROL OF SPECIAL PROCESSES 13 COMTROL OF WOMCONFORMING | TENS

& PROCURENENT DOCUMENT CONTROL 10 1NSPECTION (SURVEILLANCE) 16 CORRECTIVE ACTIOM

S INSTRUCTIONS, PROCEDURES & ORA'JINGS 1) TEST & EXPERINENT/RESEARCH COMIRC. 17 QA RECORDS

& DOCUMENT COMTROL 12 CONTROL OF MEASURING & TEST EQUIPMENT 18 apiIs

APPROVALS

g-3-47 Mm__ ¥ 1Y% o
Originater Date Lity Assurance Menager Date Chief, Sranch of mavsi

(3. shitney) (J. R, Villmon) (A. N, Wandy, for

(W

R. Kaycs)

WPO Ouality Assurence Dete WO Technical Date

Ettective Date




NNWS] - USCS OUALITY LEVELS ASSIGNMEMT SHEET (QALAS)
Activity - Analysis of the Douncutiing Wistory of fortymile Wash and Its Tributaries
nethod - Exsmination of Lithologic logs of previcusly drilled boreholes

NWVS1-OALA-3231G-10-05, RO
Page | of

oA HOA-Y Criteria
Method/ltem Breakdown Level _ Requirewents® hamtificotion of Levet & GA Criteria Enceptions

Exsmination ef Lithologic 1,2,3,4,5,6,7.8, Neets uip No. $ of the QA Level Chechiist wherein this itea can iapact

logs of previously drilled 10,12,13,13,18,  the entire activity end other related Lavel | ectivivies i1 not performed

boreholes 17,18 correctly, Criteria encluded: 9 - not o special process; 11 - no tests or
research involved; 14 - not part of USGS QA Progrea.

SLEGEND OF 18 OA CRITCRIA of WOA'}
ORGANIZAT 1OM 7 CONTROL OF PURCHASED MAT*L, CQUIPMENT, SERVICES 13 MANDLING, STORAGE & SHIPPING
QA PROGRAN 810 § CONTROL OF MATERIALS, PARIS & SAWLES 14 NSPECTION, TEST, & OP. STATUS
DESICH & SITE INVESTICATION CONTROL 9 CONTROL OF SPECIAL PROCESSES 1S COMTROL OF MOMCOMFORMING 1TENS
PROCURENENT DOCLMENT COMVAOL 10 INSPECTION (SURVEILLANCE) 16 CORRCCHIVE ACTION
INSTRUCTIONS, PROCEOURES & ORAUINGS 11 TEST & EXPERIMEMI/RESEARCE CONTROL V7 QA RECORDS
DOCLMENT COMTROL 12 CONIROL OF MEASURING & TEST EOUIPMENT 10 ADITS

APPROVALS

Wi wWilite,  sr5®

orlginator I Date Lity Assurance Rensger Oate Chiel, Branch of NWS|
(J. Mhitney) (1. R, Villmon) (A, . Nandy, for

L. R. daycs)

VNP0 Oual ity Assurence Date W0 technical Eliective Date




.o .

MWVS| - USGS OUALITY LEVELS ASSICMNENT SHEET (OALAS) HRUS| QALA-3231G-10 06, #0

Activity - Anslysis of Nillslope Erosion

Page | ot )
Nethod - Rock varnish dating of hillslope deposits
QA WAA-) Criteris
Nethod/|tem Breakdown tevel Reguiresents® . Justilication of Level § GA Criteria Exceptions
Cation ratie 1 1,2,3,4,5,4,7.8, Neels nob No. 2 of the OA Level Chechlist uherein the item provides daty
10,12,13,13,16, to be used in site charscterizstion. Criteria eactuded: 9 - not a special
17,18 process; 11 - no tests or resesrch involved; 14 - not part of USGS QA
Prograa.
SLEGEND OF 18 QA CRITERIA of WQAA-)
1 ORGANMIZATION 7 COMTROL OF PURCHASED MAT'L, EQUIPHENT, SERVICES 13 WANDLING, STORAGE L SHIPPING
2 OA PROGRAN. 8 10 & CONTROL OF MATERIALS, PARIS L SAWPLES 14 IuSPECTION, TEST, & OP, SfATUS
3 OESIGN § SITE INVESTIGATION CO™TROL 9 CONTROL OF SPECIAL PROCESSES 15 CONMTROL OF WONCOMFORMING | TENS
4 PROCUREMENT DOCLIMENT CONTROL 10 INSPECTION (SURVEILLANCE) 16 CORRECTIVE ACTION
$ INSTRUCTIONS, PROCEDURES & DRAUINGS 11 TEST & EXPERINENT/RESEARCH CONTROL 17 QA RECORDS
6 OOCUNENT CONTROL 12 CONTROL OF WEASURING & VEST EQUIPHENT 18 MDITS
APPROVALS
Orlginator Dste tity Assurance Ranager Date Chiel, Brench of S| Oate
(3. Whitnay) ' (4. R \ilimon) (A, W, Nandy, tor
L. R. NHayes)
PO Oual ity Assurence Date W0 Technical Date Lifective Date e
.'r ) ) .
W _"’. gy “1 ». M ., . e .,




NHWS] - USGS QUALITY LEVELS ASSIGMMEN! SHEET (OALAS)
Activity + Analysis of Millslops Erosion
Nethod nessurement of hilislope erosion

WNWS1-QALA-3231G - 10-07, RO
Page \ of |

QA MOA-1 Criteria

Nathod/item Brgskdown Level  Requirements®

Justification of Level & OA Criteris Exceptions

Nessurement of hillstope
erosion

1,2.3,4,5,8,1.8,
10,12,13,15,18,
X

SLEGEMD OF 18 QA CRIVERIA of WoA-1

Neets step No. 2 of the OA Level Checklist wherein the item provides data
to be used in slte characterization. Critaris eacluded: 9 - not a special
process; 11 - no tests or research involved; 14 - not pert of USGS QA
Program.

ORGANIZATION

QA PROGRAR

DESICH & SITE 1MVESTIGATION CONTROL
PROCURENENT OOCUMENT CONTROL
INSTRUCTIONS, PROCEDURES & OR\WINGS
DOCUMENT COMIROL

APPROVALS

7 COMIROL OF PURCHASED MAT*L, EOUIPMENT, SERVICES
8 10 § CONMTROL OF MATERIALS, PARTS & SALES

9 COMTROL OF SPECIAL PROCESSES

10 INSPECTION (SURVEILLANCE)

11 TEST & EXPERINENT/RESEARCH COMTROL

12 CONTROL OF MEASURING & TEST EQUITMENT

13 WANDLING, STORAGE & SHIPPING
14 InsPECTION, TEST, L OP. STATUS
13 COMTROL OF NONCONFORMING 1TERS
14 CORRECTIVE ACTION

17 QA RECORDS

18 MD1ITS

WL, 2050 (Ynsilirmen
Originstor - { Oste Lity Assurence Ranager

(. &, Witimon)

(J. Vhitney)

pAL?

Date

Chief, Sranch of Mwus)
(A. M. Wondy, for
L. &, Hayes)

PO Duslity Assurance

PO technicat

fllcctive Date




MNWSE - USGS QUALITY LEVELS ASSIGNMENT SHEET (GALAS)
Activity - Analysis of Nitlsiope Erosion
Nethod - Lsborstory analysis of hillslope depotits

MNUSL-QALA-3231G-10-08, &0
Page 1 of 1

oA NQA-Y Criteris
Nethod/item §reskdown Level Requirements®

Justification of Level & QA Criteris Exceptions

Lsborastory analysis of
hittalope deposite

1,2,3,4,5,0,7,8,
10,12,13,13,16,
17,18

SLEGEND OF 18 GA CRITERIA of WaA-1

Meets step No. 2 of the GA Level Checklist wherein this item (s 8 step in
previding site characterizstion data that hes & significant impact on the
data base that supports the (inal repository design and sssessment of the
tepository performance. Criteria eacluded; 9 - not & special process; 11 -
no tests of research involved; 13 - not part of USCS QA Progres.

' ORGANITATION

2 QA PROGRAN

3 OESICH & SITE TNVESTIGATION LONTROL
& PROCUREMENT DOCUMENT CONTROL

S  INSTAUCTIONS, PROCEOURES & DRAMINGS
& DOCLMENT CONTROL

APPROVALS

7 CONTROL OF PURCRASED MAT'L, EQUIPHENT, SERVICES
8 10 § CONTROL OF MATERIALS, PARTS & SAMPLES

9 COMTROL OF SPECIAL PROCESSES

10 INSPECTION (SURVEILLANCE)

19 TEST & EXPERINENT/RESEARCH COMTROL

12 CONTROL OF MEASURING & TEST EQUIPMENT

13 NANDLING, STORAGE & SHIPPING
V4 IMSPECTION, TEST, & OP. STATUS
1S CONYROt OF WONCOMFORMING |1EMS
16 CORRECTIVE ACTION

17 QA RECORDS

18 ADITS

W, Wl

origlinator
(4. vhitney)

2250 (Wrudiduanr
Oua

Lity Assurance Nanager
(3. R, Willmon)

Oste Chief, Branch of NwwS)
(A. N. Wendy, for

L. R, Nayses)

WO Guslity Assurance Oatg

UNPO Technical

Eticctive Date




