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. PREFACE

This document is a bibliography of the published reports, papers, and articles
on the Nevada Nuclear Waste Storage Investigations (NNWSI). A brief history
is included to familiarize the reader with the general direction and activity
highlights of the NNWSI and to give the reader some insight into the kinds of

- bibliographic references to be found in this document. The bibliography is

categorized by. principal NNWSI  participant organizatioms. Partlcxpant-,
Sponsored subcontractor reports, papers, and articles are included in the
sponsoring  organization's, b1b11ography list.  The principal participant-

blbllography listings are arranged in chronolog1ca1 order by tltle. An author
index is provided after the bibliography. .. . . . - :
Technical reports on the NNWSI are on display in- spec1a1-0pen files  at the
Nevada State lerary in Carson City; the Washoe County berary and the
University of Nevada Library in Reno; the ‘Tonopah: Public Library in Tonopah;
the Amargosa Valley Community Library in Amargosa Valley, the Beatty Community
Library in Beatty; and the Clark County lerary in Las--Vegas, . Technical
reports on the NNWSI are also on dlsplay in the Public Document Room of the
Department of Energy,  Nevada Operations - Office, in Las -Vegas, . -Further
information about the NNWSI may ‘be obtained from the followxng offlces.

Mr. Chris L. West Dr. Donald L V1eth

Office of Public Affairs @ = Waste Management Project Off1ce
U.S. Department’ of Energy U.S. Department of Energy
Nevada Operations Office @~ or, . -Nevada Operations Office-

Post Office Box 14100 Post Office Box 14100

Las Vegas, NV 89114 e Las Vegas, NV 89114 -

(702) 295-0946 . T (702) 295-3662

Coyxes of most NNWSI reports and other documents publxshed by the DOE and the-
principal participant organizations are available at nominal cost from:

National Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road

Springfield, Virginia 22161

Requests for copies of published reports and documents not available from the
National Technical Information Service should be directed to the. publisher,

‘which in most cases is the principal participant organization. TFor your

convenience, the addresses of the principal NNWSI participants are given after
the author index.

Jerry J. Lorenz
Compiler
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FOREWORD . .

The purpose of the U. S Department of Energy s (DOE) CJ.vz.lzLan Radioactive
Waste Management (CRWM) Program, formerly the National Waste Terminal Storage
(NWIS) program, is to safely dispose of the growing quantities of rnuclear
waste -being .accumulated at nuclear . power plants in .an envxronmentally
acceptable manner. . Regardless of what the future ‘holds for the commercial
auclear power 1ndustry, the substant1a1 accumulatxons of hlghly radloactlve
wastes -that already exist need to be permanently isolated from the biosphere.
The DOE -has- determined .that the safest and most feasible method’ currentlyf
available to ultxmately d18pose of such wastes is by storlng them  in mined
geologic repos1tor1es. Mined repositories can be inspected and ‘monitored-="
even waste retrieval is possxble if. that should become ~advisable.

The Nevada Nuclear Waste Storage Invest1gat1ons (NVWSI) Progect, whxch is part
of the CRWM Program, is currently conducting 1nvest1gat10ns of Yucca Mountaln,f
Nevada, and its. reg10n31 settxng to furthtr evaluate the su1tab111ty of the
Yucca Mountain site as a "potential locatlon for a commercial nuclear waste
repository. In. addltlon,‘the NNWSI PrQJect is supporthg other aspects of ‘the
CRWM Program by using the unique resources available at the Nevada Test Slte'
(NTS) to help in developing and demonstrating the capability to safely “handle”

and: store spent fuel and high-level waste. The NNWSI Progect is managed by._'

the DOE Nevada Operations Offlce., Sclentlsts and. englneers from many fields”™
and organlzatlons . are- xnvolved 1n - these’ 1nvest1gat10ns. ‘The .principal
orgaunizations - partlclpatlng in ‘the’ NNWSI are.f Sandia’ National Laboratories”
(SNL),- Los -Alamos National Laboratory. (LANL), . Lawrence - leermore ‘National’
Laboratory (LLNL), - U.S. Geological Survey.  (USGS), Westinghouse Electrlc’
Corporation (WEC), and Sczence Appllcatlons Internat10na1 Corporatlon (SAIC)
On January 7, 1983, President Reagan _signed into law the Nuclear Waste Polxcy
Act of 1982 . (Public .Law 97-425).. This :Act reflects .a ‘decision by , the.
President and the Congress -to deve10p geologzc reposxtorles for the dlsposal,
of h1gh-1eve1 radioactive waste and spent . nuclear. reactor fuel, Tltle I of.
the Act spells out .the. ptocedures by which potentlelly acceptable repository’
sites will be. nominated, character1zed and recommended for develoPment as’
repository sites. :

For several years, the DOE has .been conducting lnvestlgatlons of potentlally
suitable repository sltes in varlous parts of the natlon.” 'In’ accordance with’
the Nuclear Waste. Pollcy Act, the Secretary “of Energy nomlnated five sites,’
zncludlng -a :site in- Nevada, su1tab1e for further -evaluation’ as ‘repository’
sites. _ On. December _20, . 1984,. Energy Secretary ‘Hodel recommended to” the_
‘President, . three of the nomlnated sltes for ‘detailed characterization * as’
candidate reposxtory sites. .- These- sxtes were the"(l) Yucca Mountain Site in
Nevada, (2) Deaf: Smlth County Slte 1n Texas, and” (3) Hanford Slte in
Wash1ngton. S o ey . o

.-

R - s r. TLoe.

Site characterlzatlon represents an 1ntensxf1cat10n of act1v1t1es that 1nc1udei
the mining of a relatxvely large dlameter shaft wh1ch w111 allow sczentxsts



and engineers to descend into the geologic formations of interest for detailed
exploration and in situ testing. By March 1987, the three sites will have
been evaluated and one will be selected for recommendation to the President as
the proposed location of the nation's first geologic high-level rad1oact1ve
waste repository. - .

The Nuclear Waste Pollcy Act’ requlres the Presxdent to submit to Congress by -
March 31, 1987, his recommendation for the site of the first reposxtory and
by March 31, 1990, his recommendatlon for- the site of the second repository.
To mitigate the’ social and economic 1mpacts resulting from these decisions,
the Act further requires that impact assistance payments be made by the DOE to
affected State and local govermments.

By a letter dated February 2, 1983, the Governor of the State of Nevada was
informed that the Secretary of Energy believes Nevada has a potentially
acceptable site for a’nuclear waste repository. The site is on and adjacent.
to the NTS in Nye County about” 100 miles northwest of Las Vegas at a location-
known as Yucca ‘Mountain., The mountain is a long narrow ridge generally
running north and south with a steep western slope and a gentler eastern
slope. The ridge stands frem about 1, 000 to 1,200 feet above the surroundlng
a11uv1a1 flats.

One of the characteristics  that makes Yucca Mountain attractive is the
presence ‘of a potentzally suxtable repository host rock known as tuff; tuff is
a highly sorptive rock composed’ of solidified and welded volcanic ash and-
detritus (rock fragments and other loose materials).” Tuff has good physical,
mechanlcal, and chemical “characteristics for nuclear waste containment and for
preventing waste from reaching the biosphere. Each layer of tuff was formed
separately milliqns of years ago by volcanlc activity.

Yucca Mountain also has an extrenely “deep static water table--more than
1,700 feet below land surface. This feature makes it possible to choose the
most  favorable- repository horizon in the unsaturated zone where water would
not be expected to fill a reposztory because of very low water infiltration.
rates. The horizon" selected for detailed at-depth characterization is a unit
of the Topopah Spring tuff about 1,200 feet below land surface and about
500 feet above the static water table.

The NVWSI partxclpant organlzatlons are currently conducting 1nvest1gatxons to
further establxsh the’ geohydrolooxc conditions and hzstory of Yuceca Mountain
and its reg1ona1 settlng. They are also developing engineering criteria’ for
desxgnxng and' assessing " the" performance of waste package and repository
systems suitable for the conditions present at Yucca Mountain. Furthermore,
they are addresSLng the 1mpacts a reposztory would have on the surface:
eavirorment as ‘well as the gsociceconomic and institutional aspects of siting a
reposxtory at this location. Through these investigations, the NNWSI Project:
is obtaining the detailed sxte-speclflc, regxonal engineering, and other
information needed. for sound decision maazng in regard to the suxtabxlxty of
Yucca Mountain for a ‘nuclear waste repository. If a repository is constructed
at Yucca Mountain, it will be 1licensed by the U.S. Nuclear Regulatory
Commission.



... -NNWSI HISTORY: ..
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The DOE -originally. selected the NIS for. 1nvest1gat1_on as a potentlally, -
favorable..site for a nuclear waste rep031tory for - three . ma1n _reasons:

(1) favorable overall geologlc and. hydrologzc condxtrons, (2) prlor land use -

for - .national .nuclear .programs,; and. . (3) the capabllzty to .carry _ out. the._
required -work. .This, decision- resulted in. the .establishment’ "of ‘the: NNWSI in
April 1977. .. Shortly thereafter, a growing varlety of. szte-eXploratlon and-

reglonal geologzc, ‘geophysical, hydrologxc, tectonxc, sexsmlc, and” volecanic
investigations were.begun to augment existing. knowledge which has prlmarllyﬂl
resulted frem over three’ decades of geohydrologic, 1nvestlgat10n of  the NTS.

area by the v.s. Geologxcal Survey in support of the’ .weapons . testzng program. e

Early sxte—exploratlon 1nvest1gat10ns at the NTS concentrated on. evaluatxng
the suztabxlzty of two locations:. (1) the Climax granlte formatlon, -which was
accessible . using . the’ " underground access. facilities 'constructed  for. two
previous nuclear weapons tests, and (2) the exposed Eleana argzll1te ‘formation
at Syncline Ridge. Other 1nvest1gatzons were conducted to locate potentially
suitable granitic rocks in the Twinridge .Hill .and Timber Mountain areas..
Early reglonal 1nvest1gatlons ‘concentrated - on ~develop1ng a comprehensxve
regxonal hydrologlc model and on determ1n1ng whether dlsruptlve events _were .
llkely to occur .in the near and dlstant future.;-

encapsulatlon, and storage ‘of spent. fuel (nuclear reactor fuel assemblres that .
have served their useful lzves) in. preparatlon for both sur‘ace and; under=
ground spent fuel storage tests at the 'NTS.. This  work was. accomplxshed using
scme of the . un1que equipment. . and facxlltles constructed in the  1960s. at |
Jackass Flats in the southwestern NIS . for ‘the’ Nuclear Rocket Development"
Program,_ The equlpment and - facllxtles ‘include what - is belxeved "to be - the
world's largest ‘highly radloactlve materzals handllng facxlzty "(known as: the.
E-MAD Facility) and a small onsite railroad (known as the ‘Jackass and Western
Railroad); both of these resources were modified for thelr new use. | -

The following subsections present some historical highlights of NNWSI activi-.
ties for each fiscal year (October 1 through September 30; e.8.y FY 1978 began
October 1, 1977).. More .detailed information is available in NNWSI technical

reports -which. are publ1shed and drstrlbuted to the Nuclear Waste Wanagement_
sttrzbutlon List~ (uc-70) . of _the . DOE . Techn1ca1 Informatlon ‘Center _and ‘are ,

avazlable through the Natlonal Techn1ca1 Informatlon Servxce (see Preface).‘_‘”f

FY 1978

In FY 1978, . scme of the f1rst work ‘was done to determlne whether a nuclear-
waste repository. would be compatxble with. present .and future .nuclear weapons
testing act1v1t1es at .the NTS. ~ .Ground. motion’ monltorlng stations were
installed at surface .and’ underground locatxons.‘ Monltorxng data showed that
nuclear. weapons testzng would not. pose a. problem prov1d1ng the’ d1stance from
the detonation sites was sufflclent and ‘hormal ‘safety precautlons were taken'



during tests. In addition, the NNWSI established a network of seismic moni-
toring stations to measure natural se13m1c1ty and to map tectonic activity at
the NTS and for an area of about 100 miles in radius around the NTS.

In m1d 1978, the DOE deteraned ‘that a nuclear waste reposxtory located in the
southwestern portlon of the NIS would not interfere with present or future
nuclear weapons testing actxvxtles. Consequeutly, the exploratory anestxga—

tions began focusing on the; rock units available in' that 245 square-mile-area
and' investigations of the wanrldge Hill" and Timber Mountain granites and'*
Eleana * argillite were brought to a close. Although ‘in the weapons testzng‘
area, work contxnued on developxng a test fac111ty in the Climax granite to
determlne the" gener1c suztabxlxty of granite as a- reposztory host rock. 1In'-
the- southwestern NTS, exploratory work concentrated om- two potential granite

sites, Wahmonie and Calico Hills-Topopah Wash, and one tuff site, Yucca
Mountain. Two exploratory holes were drilled and cored to depths of about
2,500 feet at Calico Hills and Yucca Mountain; geoPhysxcal logs were obtained
in both "holes and samples of the drill core were shipped to participating’
laboratories for analysxs._ In addition, a variety of geologic, geophy81cal

and hydrologlc studxes were 1n1t1ated or intensified durlng FY 1978. :

The properties of four potentxal emplacement media at the NTS were studied.:
Consideration of one medium, alluvxum, was deferred because of its low thermal
conductivity. Studies of the three other potentxal ‘media, granite, ar°1111te,
and tuff, continued into FY 1979. The results of laboratory studies "and an
underground heater experlment in granits indicated that this medium should be
able to withstand the thermal™ load imposed by Spent fuel. Exploratory
fleldworx ‘and. the couceptual design were completed for a spent fuel test to be
conducted deep within an underoround granitic unit of the Climax Stock. The
.exposed granitic rock masses in southern Nevada w%.re inventoried. Analytlcal
and 1nventory work A was begun on shale, argillite, and tuff rock masses.
Surface . preparation’ and ‘site develoPment were accompllshed for the Eleana

arglllxte heater test which was begun in FY 1978, A program of laboratory
sorption and permeabxllty studies was begun to dctermine the extent to which

the’ radloactlve species associated with spent reactor fuel are 1mmob111zed by
varxous geolozic media.

FY 1979

Durxng FY 1979, the underground facility for testing the storage of Bpent'
reactor' fuel in Climax granite (Spent Fuel Test-C11max) was constructed about -
1,400 feet below the surface of the NTS. A vertical access hole connecting
the surface to the’underground emplacement drift was drilled and most of  the '
various handling, encapsulation, and emplacement systems were designed and
manufactured. Twenty-foot-deep storage holes were drilled in the granite
floor, of the facility and special steel liners were installed in preparation
for the emplacement of the' eleven canisters containing spent reactor fuel
assemblies and six e1ectr1cal s1mulators. Major objectives of the test were
to demonstrate a capability’ to tranSport, encapsulate, and emplace spent
reactor fuel in a mined facility and to provide data on the in situ behavior
of ‘granite subJected to contlnuous heat and radiation output over a period of
several years.



The Eleana full-scale heater::test was completed and; axisymmetric thermal and
mechanical modeling of the test .results was’accomplished. Posttest gas.trans-
missitivity measurements showed that the transmissivity of the argillite
increased 'by three orders ‘of magnitude within 4 feet of -the main ‘heater hole
during "the course of the!test. Increases of about ‘one order of magnltude were -
evxdent to dlstances as great as 11 feet. ' . -
Several hydrologlc studles were conducted to determine the.distribution and
movement of groundwater in the NTS region.- These:studies -included field map- -
'ping of idischarge "areas, monitoring of .static watér levels in available wells,
and 'sampling  ‘of : groundwater .for .chemical analyses- and /isotopic dating.
Construction “of a two-dimensional model-of an ‘area 100 miles in-radius around
the NTS was also'in progress during FY 1979 and ‘a sensitivity analysis  of ‘the
‘resulting.regional groundwater. transport model was initiated.’ ‘A major .conclu-
sion reached in the:palechydrologic study was that ‘the water .table.of the NTS '

was, never more than about 200 feet above its present position during the

Pleistocene (glacial) Epoch.

A study of past volcanic activity resulted in a preliminary determination of
the probability of a recurrence of basaltic volcanism in the southwestern NTS
area. The Black Mountain volcanic center, the ‘youngest major silicic eruptive .-
center in the NTS area, is about 7 to.9 million years old. .A basalt. from
above "the Timber Mountain:tuff and below a huge:tectonic.slide block of Paleo--
zoic rocks™ near the ‘south end of:Crater Flat. next . to the:NTS:was dated at
10.4 million years; 'which 'is near- the .end of: major volcanxc and tectonxc "
actlvxty in the southern Tlmber Mountaln caldera area. - o B o

After.’reVLewzng " the geologxc, geophyszcal,f and hydrologlc data  .for . the :

‘Wahmonie, Yucca Mountain, and Calico.Hills/Topopzh  Wash- locations, the" USGS  :
récommended that exploration be focused on the most promising potential repos-
itory host rock. and location, the tuffaceous rock: of Yucca Mountain. - ‘Con~ .
sequently, the NNWSI decided  in: mid-1979 to concentrate: exploration 'and .
characterization efforts on the thick layers of tuff underlying Yucca Mountain
and ‘no ‘new. studies of other host .rocks or locations were initiated..- Labora-
tory efforts focused .on .determining 'the physical; mechanical,  and- chemical
characteristics of rock samples taken primarily.'from exploratory drill holes.

An in situ water migration/heater experxment was designed and site prepara-
tions were ‘made "for -the ‘experiment in the welded Grouse Canyon tuff accesslble.
in the G-Tunnel complex at the NTS. R TR A :

i R ~ - . e

A formal sxte evaluatxon actzvxty ‘was-” 1n1tlated to ensure that the evaluat1on
of | potential ‘respository sites -on.the NIS' occurs on. a tlmely basis and is
coordinated with the National Waste Terminal Storage. Progrmn schedule.( -The
Site Evaluation Steering Committee was formed to establish a Site Evaluation
Working Group .of scientific "and’- technical - experts.. The Working Group was .
chartered. to :develop repository. location-  evaluation  criteria,: evaluate 'and.. -
screen  potential . reposxtory 1ocat10ns,'and :make’, locatlon.recommendatlons.to
the Steerxng Commxttee. comiy , 2 3;~-v O A S
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A comprehensxve review of the Qua11ty Assurance Program Plans of part1c1pat1ng
organizations®was. conducted and .several .new qualxty assurance procedures were.

.



implemented by participating organizations. An overall Quality Assurance Plan
for the NNWSI was in review at the _end of FY 1979.

Four scientific peer ‘reviews were conducted to permit external experts to;;
assess the  ,adequacy of ongoing host-rock media, geohydrologic, and tectonic
investigations and the Spent Fuel Test--Climax. As a result of the Spent Fuel
Test~-Climax review, another meeting among the peer reviewers, the Office of
Nuclear Waste Isolation (ONWI),.and the DOE Office of Nuclear Waste Management-
(ONWM) - resulted in an agreement to augment. the experimental design of the
Spent 'Fuel Test--Climax -to obtain additional rock mechanies and radiation
dosimetric data during the test. . Another recommendation of the peer reviewers
was that the development of a separate.or adjoining underground rock mechanies
experimental facility in the Climax granite should be considered as a means-
for - obtaining further data on the thermal behavior of potential host-rock
media. The evaluation of a plan for designing an in situ rock mechanics test-
ing laboratory was begun.

FY 1980

u*ing FY 1980, preparations: for the Spent Fuel Test--Climax were completed.
and the test was begun. The spent reactor fuel assemblies for the test were
received and encapsulated in experimental canisters at the E-MAD Facility on
the NTS. Construction of the surface and underground facilities and equipment.
for the:test was completed. :During April and May, 11 spent fuel canisters
were . transported frem the E-MAD Facility to the surface access hole at the
Climax site in a special transport cask and lowered 1,400 feet into the under-
ground test facility. A remotely controlled vehicle received the 11 canisters
and emplaced them in predesignated storage holes, and the corresponding elec-
trical Simulators were turned on to begin the _test.

A small-scale underground water migration/heater experiment was conducted in
welded tuff in the G-Tunnel complex at the NIS. During FY 1980, facility con-
struction was completed and instrumentation was installed to measure intra-
rock  temperature changes, reconfigurations, and fluid migration. After the
test was completed, the posttest cool-down behavior of welded tuff was moni-
tored and the rock involved in the test was evaluated.

Early .in the year, a status report on the NNWSI evaluation of the suitability
of the NTS for a repository was prepared and submitted to the DOE/HQ. The
general conclusion of this report was that nothing has been found in the area
of interest or its regional -setting which would preclude the siting of a
repository at the NIS, although a specific Iocation for a suitable site had
not as yet been identified

The NNWSI focused its investigations on a block of tuffaceous strata underly-
ing Yucca Mountain., A major. stratigraphic drill hole. (USW G-1) was drilled,

cored, ::logged, and - hydrologically tested to 6,000 feet in depth. The tuffs
encountered in the depth range of interest at the time were partially welded

and moderately welded. These tuffs were ccmpetent rock with few fractures,
and most of the fractures were healed. 1In September, drilling began on a -
major hydrologic hole (USW H-1) to further characterize the block of interest..



Maps were'.compiled and data were gathered .to--establish, -dimensionalize, .and - |
analyze the geohydrology "and the gechydrologic setting of the NTS in the Great.
Basin. A major achievement was the compilation of a geologic base map of the
southwest quadrant of the NTS at a :scale of one inch.equals 4,000 feet. The
alluvial deposits -in the- region -around. ‘Yucca  Mountain were also mapped.
Groundwater recharge from area:to area was:investigated and precipitation. -data - :
were assessed-for use in- the sensitivity studies of parameters of the regional .-
hydrologic model, -
As a result of a study of erosion rates in the Great Basin, a simplified com-
puter . program and a ‘mathematical model :were .devised’ to- relate erosion -and
slopes ‘to the -rate of tectonic uplift. ‘A geomorphic contour map -of -the Great
Basin’ derlved -from the altitudes of: valley-range 1ntersect10ns was. prepared»g
for use in. quantlfylng Quaternary- tectonlc actlvxty. oo S R
Geophy51cal technlques and data ‘were_ used to remotely 1nvest1°ate subsurface
conditions at and in the. v1c1n1ty,of Yucca Mountain., - .During "FY 1980, all
electrical traverse data obtained around:Yucca Mountain were integrated swith
the. mapped geology -to -produce. a -map. of :inferred - faulting in" the area of "
interest. 1Induced polarization. -lines -of- varying dipole spacing-and length
were completed over the potential rep051tory block at Yucca Mountain. Ground
magnetic traverses wera also made 'in .Crater Flat across several possible loca- :
tlons of future drill sites ‘to explore the volcanlc stratlgraphy. w
Work contlnued in- deve10p1ng a paleocllmatlc scenario from whlch estlmates of - -
past -precipitation. levels ‘were made for:the hydrologic studies, ' Rat midden:
fossil assemblages of middle Wisconsin through Holocene age were collected,
dated, and analyzed to. determine the altitudinal ranges of glacial and inter-
glacial climatic changes- at-the NTS. . The rat mldden samples were collected ‘at
low, 1ntermed1ate, and hzgh elevatlons. : : :
Two work1ng groups were’ formed to defzne, study, and evaluate the parameters.f
involved:  in. site: evaluation: and -mine. design. The Site . Evaluation Working
Group -was formed and beéan to ‘devalop 'site- evaluatlon criteria and a plan for
screening potential repository locations in the. ‘NTS 'area. The Mine Design. -
Study Working Group was formed and: began :to -study the’ parameters affectlng the -
deszgn of -an: underground reposxtory in tuffaceous rock. U

s . [ E I ! \,‘ N . re: -

An Lnterlm status report on the suztabllzty of tuffs as med1a for a hlgh-level .
nuclear waste repository .was prepared and published.. This report was given to -
the National Academy of Sciences, Committee on Radioactive. Waste Management, -
for review. "

Preparatory work. for two new tasks'was begun durxng -the sprlng of 1980.. ‘The -
obJectlve ‘of the rock mechanics task is::to perform studies ‘to determine the .in’ -
situ’ response -of tuffaceous..and,K granitic - rocks tOeant1c1pated and -elevated -
stresses .that -have a bearing on- the design of: a' permanent hlgh-level nuclear .
waste. repository. The objective. of - the _radionuclide- mlgratlon task is to. -
perform -studies . to: develop fxeld testlng ; techniques '-and .- ‘. determine
radionuclide mlgratxon in: underground tuffaceous and: granitic env1ronments

under natural and induced conditions. . The detailed progran plans for the



radionuclide m1gratxon progran were subjected to external peer revzew 1n
Augusc. :

The “overall NNWSI Qualxty Assurance ' Plan was - reviewed, £finalized, :-and -
published. The quality assurance activities of participant organizations. were
incorporated into .the NNWSI logic network charts.. The Quality Assurance
Program Plan of each participant organization was reviewed and approved,

FY 1981

The Commercial Waste.and: Spent.Fuel Packaging Program (CWSFP) was merged with-
the NNWSI on October 1, 1980. ~CWSFP objectives have  included maintaining and. -
operating the E-MAD Facility at the NTS, designing and evaluating spent fuel
canzs:ers, developing and exercising waste handling and encapsulation tech--
nlques, conduc:xng surface and near-surface waste storage tests, and provxdlng
engineering and technical .'support to. the NNWSI. The E-MAD Facility was
modified and updated .to handle additional waste forms and to remotely cut open
waste .canisters. Several 'near-surface storage tests were completed this
fiscal year and support was . provided for the first exchange of spent fuel"
canisters in the ongoing Spent Fuel Test--Climax.

An oral presentation on tuffaceous media was made to the Comxmittee on Radioac-. -
tive Waste Management of  the National Academy of Sciences. The presentation
was- made in October 1980 by the SNL and LANL Technical Project Officers who
are. directing the investigations of specific tuffaceous rock masses on or:
adjoining the NTS for thelr technical suitability as- host rocks for a nuclear
waste reposxtory.

The Sxte Evaluatlon Working Group developed, evaluated, and began exercising a,
nethod for screening the southwest NIS and contiguous lands for nuclear waste..
repository locations, The relatively homogeneous 1lithologic units in the
depth range of interest that are ‘available in the ‘screening area were raviewed -
and mapped. Technical experts in various fields were' consulted to identify
and "document the pivotal physical and envirommental attributes, assumptions,
and "rationale for assessing location suitability. These experts also rated
the favorability and relative importance of the attributes they selected for

screening locations within the southwest NTS screening area. The computer °

algorithm for rating the individual quarter-section grid elements and the com—
puterized . data base to be-used in the screening were completed. Preliminary
results were obtained which confirmed that Yucca Wountaln is one of the better
locations in the screening area. ~

The NNWSI continued to conceatrate on evaluating the technical acceptability
of Yucca Mountain as''a potential repository location. Geologic, geophysicaly,
geochemical, hydrologic, -volcanic, seismic, and environmental investigations
continued to yield data which further characterized Yuecca Mountain and its
regional ‘setting.: - In mid-FY 1981, the drilling program was accelerated 'to
meet the new Administration's decision-making schedule. A major hydrologic
hole '(USW H-1) was .drilled, cored, logged, and tested to 6,000 feet in depth
near the center of the block of 1nterest at Yucca Mountain.



"Detailed mlneraloglc and petrographlc characterlzat1ons were completed ‘of
drill-core samples from Usw G-1, ‘with emphasxs ‘on the’ potential target
horizons. _These. characterzzatlons showed that the’ tuffs, which. generally are
varrably welded ash flows, can be recrystalllzed to .a .variety - of minerals.
The important alteration products are zeolltes{ smectlte clays, and‘alkalx
feldspar. ‘ ) '

At the end of. FY 1981, a. second maJor stratlgraphlc hole (USW G-2) was 'in the
process  of being completed and . logged .to 6,000 feet in depth at ‘the. north end "~
of the block, of interest at Yucca Mountaln. Several other. holes were com-
pleted durxng FY 1981, including “a volcanxc‘hydrologlc ‘drillhole (USW VH-1)
which explored the subsurface enviromment of Crater Flat just west of Yucca
Mountaln. . : - - '

All fleldwork and mapplng for the reglonal volcanxsm studles were completed by
late FY 1981. Sampling was completed of all. basalt occurrences within the NTS
region. Basalt - centers in.the NIS region. were formed predomxnantly by .
Strombolian eruptions., Major products of the. eruptlons are small-to-moderate
sized cinder cones and relatively short Iava flows. The evolution of basaltiec’
volcanism has been -traced from generatlon ‘at mantle depth through ascent and’
eruption at the surface. Data have. been eramlned for each step in this evolu-
tion and possible - reposxtory dlsruptlon consequences have been evaluated., A~
draft report on the consequences of volcanic disruption to a reposxtory was
prepared and the probabxllty calculations for volcanie risk were completed .
Five trenches Were dug 1n the south and southeastern areas of Crater Flat next ’
to Yucca Mountain.. Two trenches were dug in an ancient spring . area to expose"
the relatipnships between fxne-gralned sed1ments, alluvium, and anc1ent ‘spring
deposits. ‘The -other three trenches were dug on two faults to refine the age;'
of the faults by exposing relatlonshlps between faultlng and the alluvium,’

The Sprlng area trenches revealed an Lntertongulng of gravelly alluvxum and
playa—type deposrts wrth assoczated ancient spring deposxts. Some’ " of thei:
spring deposits are younger ‘than the sediments. . All deposits and sedxmentsf
appear to be overlain in most places. by -alluvium of intermediate’ age (probably
about 100,000 years old). However,. a. date on the tufa deposzts suggests some .
activity there until about 25,000 years ago. o

Trenches on the faults revealed that the faults have’ been 1nact1ve 31nce about
mlddle-Quaternary tlme.»“ Intermedzate-age alluv1um appears " to. overlap the,
faults and the basaltic ash’ found in one. of the faults is probably from the °
1. l-mllllon-year-old Red Cone-Black Cone volcanié centers. Therefore, Qua—
ternary faulting, fissuring, and basaltic eruptions probably occurred simul- "
taneously in Crater Flat. : : :

Studxes to Ldentlfy and understand the domlnant radronucllde retardatron pro-
cesses -that. occur in each of the hydrostratlgraphxc ‘units whzch would be ‘ens |
countered along pathways from potent1a1 reposxtory “units - in’ Yucca Mountaln;
have shown, both experlmentally and’ theoretlcally, ‘that ‘diffusion” ‘into” the ~
matrix of fractured porous tuff could be a very sxgnlflcant factor in retard-~
ing the migration of radionuclides--independent of sorption processes., This
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means that even the ngratlon of nonsorbing tracers may be appreciably
retarded by diffusion  alone into the surrounding rock mass. Prelxmznary
characterlzatxon of the retardatlon properties as - a function of depth 'in
'USW G-1 was completed as’ part of the information needed to select a repository
horizon. ~ Details of the retardation mechanisms have been investigated.and put
into radionuclide transport models.

Initial development of a three-dimensional constitutive model for the mechan—
ical re5ponse of a JOlnted rock mass to thermal -loadings was completed. " The
model 1is capable of handlxng discrete dxsplacements along and across joints
and’ will allow mesh-lndependent treatment of joint spacings, orlentatlons, and
apertures.

A new task, waste package development, was added to the NNWSI. Task studies
are providing information to the NWIS program on rock-type and other geologic
constraints for waste package design for tuffs indigenous to the NTS area.'
These actlvztles,' in conJunctlon with other NWTS program activities, 'are
developlng a waste package that will contain and retard the movement of
nuclear waste from a rep031tory ‘enviromment. Initial work was begun to deter-
mine” the enoxneerlng perxormance criteria needed for desxgnlng an underground
repository in specific tuff 'strata. In addition, a close-in seismic net was
established at Yucca Mountain to more precisely define the seismic behavior of
the area of interest and its implications for reposxtory and waste package
design and performance. : ‘

The NNWSI Quality Assurance Plan and the NNWSI Hanagement and Overview Quality
Assurance Program’ Plan were updated. A Progect Record Center was established
for NNWSI quality assurance records at the NTS. The NNWSI Quality Assurance:
Program and the Qualxty Assurance Plans for each Project participant werea
fully in effect.

Work was begun on researching. or anticipating the documentation requirements
of’ the U.s. Envirormental Protection Agency, U.S. Nuclear Regulatory Commis-.
slon, and U,S. Depa.t:ent of Energy and in preparing the documentation
required by the Natiomal Environmental Policy Act. Preliminary design work
was_also begun in preparatlou for an Exploratory Shaft at Yucca Mountain to
further characterize potential repository horizons.

In August 1981, a five-day peer review was conducted of the entire NNWSI
PrOJect pertaining to potent1a1 rep051tory siting in the NTS area., The ‘peer
review was divided 'into three sessions: eology/hydrology, geotechnical/geo~
englneerxng, and envxronmental Twenty peer reviewers and 183 attendees par-
txczpated in thxs revxew.'

The Spent Fuel Test--Climax continued to provide data on the in situ behavior
of granite subjected to continuous heat and radiation output. One spent fuel
canister from the .test’ faczllty was exchanged in January with another from the -
E-MAD Facllxty for perxodlc systems evaluation. The Spent Fuel Test--Climax
hds, continued to operate as anticipated and has demonstrated the capabxllty to
safely tranSport,_ ‘encapsulate, and emplace spent reactor fuel in a mined



facllxty. However, ‘no’ fundlng ‘was ‘received for conductlng the generzc rock ‘
mechanlcs fleld tests in’ the C11max granzte. o IR

FY 1982 L L.'_':.',:

Durxng FY 1982, 'six major’ geologlc and hydrologlc dr:.ll holes (USW G-Z, G-3'
GU-3, H-3, H-4, and H-5) were completed and- three more (USW H-6:and G-4 ‘and -
UE-ZSp#l) were begun. These drill holes were bored into Yucca Mountain along
the perlmeter of ‘the block -of "interest ' with thei‘exception of the Pr:.nc:Lpal
Borehole (USW G-4)’ whxoh was located’ to verlfy ‘the suitability:of the: slte
selected for the Exploratory Shaft and the paleozo:.c ‘hole (UE-ZSp#l) ‘which ‘was
located to penetrate the pre-TertJ.ary basement’ rock at the shallowest depth.
All of the dr:.ll ‘holes “were exténsively cored, logged, and: hydrologloally
tested. ’rhe groundwater was sampled --and characterlzed and’ representat:.ve
samples of the drill core were andlyzed’ and subjected -to laboratory testing to
determine their physical, mechanical, and’ chemical attributes. ' Geochemistry,:
mineralogy, petrology; and rock’ phys:.cs studxes ‘of the ‘core samples ‘were also.’
conducted to characterize the nature,:'history, and’ suitability of the rock -
strata underlyz.ng Yucca ‘Iountaln.

Laboratory and f:.eld data resulting: from the exploratory dr:.ll:.ng program was
used to- define a three-dimensional’ strat:.graphy of - the lateral variability
within the ‘block of 1nterest under Yucca Mountain. The relationships between '
the maJor funotlonal zones and l:.tholog:.c stratxgraphy and ‘the -thermal’ conduc~ -
t1v1t1es and bulk propertles for the major thermal ‘zones “were -defined. Work '
was begun on models- ‘that describe - the  chemical, geoc‘nemlcal “'and - hydraulic -
processes dominant in the various hydrostratlgraphlc units. ~ These ‘models will -
ult:.mately be 1ncorporated in reg:.onal and - repository-site " transport models., .
The data obtained from 60 wells in and around the NIS, including 16 in-the -
Yucea Mounta:m area, show that varlatxons in temperature with depth which are
used in’ caloulat:.ng "heat flow' are- "attributable” pr1mar11y ito" hydrologic
processes. These data-also show'a- general downward movement of water at the
rate of 'd few mlllxllters per year. : -

¢

In mid-1982, the numerous ‘rock! strata -or horlzons at »Yucoa Mountaln were
narroved 'to one located. at a depth of ‘about 1,200 feet "and. about 550 feet
above “the- static water table. " Repository " performance, s'afety,-and ‘economic -
considerations were 'all taken” into "account: in:'selecting: the: most ' promising .
horizon for further investigation. The horizon .-selected’lies deep within :the -
Topopah Sprlng Member of the Paintbrush Tuff. The Topopah Spr:.ng Member
appears- to be- at ‘least 1,000 feet thick - -throughout the-‘block  of interest.
Major zones of the TOpopah Spr:.ng Hember include ‘the ‘lower:zeolitized: ‘zone, -
the upper’ and lower vitric -(glassy):- zones, ‘and the thick’ 1nter10r .zone of cry-
stallized, devitrified: tuff.” The position of these major mineralogical zones:
1s‘controlled by the’‘degree of- weld:.ng, unit - th:.ckness, :and : vapor-phase -
alteratlon. The TopOpah Sprlng Member -is ‘underlain by ‘the highly sorptive and:
zeol:.;:.zed Callco H:.lls Tuff (also known as the Tuffaceous Beds of Cal:.co
Hills R P e AR PR :
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Detailed " mapp:.ng of the area 'of - 1nterest at’ Yucca Mountaln ‘was completed and
the data were ‘compiled on a ‘topographié’ base map::  The: mapping has-identified.



a number of minor faults within.the southern one-third of the area of interest
as currently defined. Trenching of alluvium near faulcs on 'the east. side ‘of
Yucca Mountain was subsequently completed and the trenches were mapped.  No
dlsplacement of alluvium was found. The volcanic and alluvial deposits of the
Big Dune 15-minute quadrangle, which are generally located between southern
Crater Flat and the Funeral %ountaln, were also mapped. No faulting of defi-
nLte Quaternary age was found in thls area, . )

Early in FY 1982, a ccmputerzzed earthquake monxtorlng and recording systan“
that is more efficient ‘at detecting and. locating earthquakes was made opera-
tional. - .Although .the epicenters .of: natural earthquakes have not yet been
detected at Yucca  Mountain, very accurate locatxons will be identified if .

eirthquakes do occur in the future. However, two . earthquakes of partlcular

interest - (magnitude. 3.5) -did occur about 35 miles to the west of Yucca
Mountain at Death Valley in an area of youthful deformation where Quaternary

gravels are folded and tilted. 'These moderate-sized earthquakes are typical
of those occurrlng, not. on the major Death Valley-Furnace Creek system, but on
subsidiary faults in the Salt Creek Hills. ‘

Bounding calculations for water velocity and travel time frem the unsaturated
units at Yucca Mountain to the water table have been . completed. Scoping stud- .

ies: have begun to shed. lzght on the analyses which need . to be performed.

Initial results indicate that the.travel time.of water from the surface to the

water- table through a: reposxtory hypothetically located in the middle of the

Topopah Spring Member is- much longer than the Chapter 10, Code of Federal
Regulations, Part 60.- (100FR60) requirement, ‘The resul:s of . this effort

indicate -that . the - technxques are available for quantztatxvely assessxng the |

impact of cllmatxc changes on travel time through a repository located in the
unsaturated zone, .-

Analyt1ca1 results . frmn the ong01ng geochronology studles indicate that the
source for the oxygen in NTS .calcites is meteoric. water. The source for the
carbon in nearby Amargosa Desert samples was found to be dissolved atmospheric
carbon dioxida and Precambrian carbonates as reflected by the near-zero values

of their carbon isotopic compositions. Field work -for a related study was .

begun in mid-1982; the objective of this s:udy is to gather some of the data
needed: for better defining the hydrogeology of the deep paleozoic acquifers in
the: Yucca Mountain area and for developing a model of the pre-Tertlary tec—
tonlc hlstory of the NTS regxon.

In the area-to-location sereenlng activity, a series, of 53 baseline assumptlon
sets were defined for the analysis of their effects on screening results. The
baseline assumption. sets ‘represent relative weightings placed . on reposztory

performance objectives. Camputer algorithms were completed for assessing the
effects of 'statistical variance resulting from attribute weightings. These»

algorithms were used to perform a quantitative systems analysis which was used
to: formally and systematically screen the southwestern NTS:-area for the best

places to explore for potentially suitable repository locations. A summary of .

the results and conclusions (DOE/NV Report NV0-247) was published and distri-

buted nationally. ~ As: anticipated, Yucca Mountain was ranked as the most .
- favorable location to look for a repository site because it rated highest in
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the overall ¢onditions whlch would- promote successful® long-term waste contain-.

ment and isolation. - Thedetailed: supportlng documents for the Summary report5~
were also prepared for publlcatlon.' : '
chrOprobe studies 'in conJunctlon w1th whole-rock chem1ca1 analyses were com-=
pleted for the basalts-of" Dome Mountaxn, “Riwi- Mesa,’and Silent Canyon ‘and ‘the
basalts and xenoliths ‘of Nye Canyon. Potasszum—argon dates on rock samples:

from -the! Yucca Mountaxn -area’ gave an indication of - "the ‘age - of " volcanic

activity in the area. An ‘ash bed sample obtaxned near the south end of - Yucca
Mountain was age-dated at 3.2 million years. ' An'age of 3.6 million 'years was '
obtained on a basalt core sample from the volcanic/hydrologic drillhole
(USW VE-1)" in Crater’ 'Flat - about four miles southwest -of “Yucca Mountain;® this
age was close -to- the:ages obtained’ on-‘samples ‘from ‘'similar flows:'on the
surface." Although no“new -volcanic - units were found as a result of 1nvest1ga—‘
tions in “Crater -Flat  .(including the "USW VH-1 ‘exploratory hole),- important -
evidence was, obtained on the structure and possxble M1ocene calderaflocatlons
just west of Yucca Mountazn. ’ . T

The Hawallte-type lavas which erupted next  to Yucca Mountain at Crater Flat
were found to form an alkalic series in which the less evolved basalts plot

near the olivine-diopside divide and the more evolved basalts progect into the
hypersthene or nepheline fields. The Trise rates of - basaltic magma for the’
strembolian -volcanic ‘centers in Crater Flat ‘were in the low range of typical
basaltic rise rates based on ratios of -cone volume to lava volume ‘and short
lava: flows, - Potentlal dzspersal pathways of radloactlve waste ‘incorporated '
and. dLSpersed through “stromblian “eruptions "were traced ‘to-: predxct ‘the conse--
quences of such an eventuallty. After detalled computer ‘modeling, researchers
concluded - that the radiological" consequences " of " basaltlc volcanlsm 1nter— E
ceptlng a rep031tory at Yucca Hountaxn would be’ small. B e

In FY 1982, three major mnew ‘tasks were begun. The flrst task is the waste
package development studies. The studies are to design ‘and - to ‘test ~waste
package ccmponents for compat1b111ty with the physical and chemical environ-
ment . of ‘the candidate repository horizon to assure -successful waste ‘contain-—
ment and isolation.  "The second task is the repository" conceptual desxgn stud-"
ies. These"studiesare analyzxng the effects of heat - generatlon on' tuff and -
deveIOang an optimal reposztory conceptual des1gn to assure that -the best mix =
of economic and safety criteria "are used in"designing a ‘repository for Yucca .
Mountain, The. third task is  the ‘repository 'performance ‘assessment studies. -
These studies .are developing the computer models and‘ codes ‘for .assessing: the .
performance’ of individual and ‘overall repository’ systems: working together -to
assure that a'repoaitori'at Yucca.Mountain would scientifically and systemati- .
cally accomplish- its mission both' throughout " 1ts relatlvely short Operatlonal
phase and very long decommxssxoned phase.~;‘ .- e ‘

The waste” package deveIOpment task was: outlxned and a progrmm of mater1als.
testing to support- the "task: was'developed and initiated." Tentative'criteria -
for waste package ‘design ‘were ‘developed: largely on the ‘basis of-. the require-'
ments outlined in the draft regulations  proposed by the Nuclear}Regulatory:
Commission. Studies of the effects of various waste forms on waste package
design were begun. Preliminary waste package designs were developed.
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Tuff~water interaction experlments were formulated . and undertaken to determine
the. composition . -of . g’oundwater in contact. w1th waste. packages in.a reposxtory
and also to validate existing geochemical models. Waste package corrosion
tests were also carried out on carbon and alloy steels. The effect of oxygen
on. the corrosion rate 1is.being lnvestxgated at: temperatures which -simulate
expected conditions. in: a waste. rep031tory. The effects of water and radlatlon'
are. also being addressed in these investigatious. Studzes of tuff waste
package backfill materials.were. also started, Initial work is being directed
at exploring the possibility of using crushed and fabricated tuffaceous rock
as the basis for backfill material in a repository.sited in tuff.

A comprehensive work breakdown structure for repository design was prepared.
This- structure has five major categories: waste, site, operations, special
equipment, and systems. Each. of these categories was develoged and expanded
to include four to £five levels of detail. At each. appropriate level, the
following information will .be provided: design objectives, design output
(deliverables), data and 1nformat10n, codes and standards, design criteria and.
requxrements, and references. This work breakdown structure was developed for
. use. in addressing repository conceptual desxgn and DOE Procurement Regula-
‘tions, Title I and Title II requirements.

Preliminary sCudies ~of topography, shaft 1locations, ventilation schenmes,
repository- surface layouts, and repository underground layouts were started
early in FY 1982, .A study..of ventilation for a repository under Yucca
Mountain was completed;: this study concluded that natural ventilation should
be. used in conjunction with mechanical ventilation in an operating repository.
A preliminary physiological. -parameters study was. initiated to establish
repository air quality control standards during mining and underground waste .
operations. This information will ultimately form the basic design criteria
to be used in the air conditioning and mechanical utility systems for the
control of gaseous, liquid, and particulate contaminants, including radio-
active materials, :

The . -topography of the potential repository block at Yucca Mountain was
digitized,K in 20-foot contour intervals and stored in a computer graphics sys-—
tem. A preliminary repository surface layout for Yucca Mountain was prepared.
The buildings were sited to take .advantage of the natural terrain, Five
preliminary repository - underground layouts were also prepared and their,
relative: advantages and disadvantages were assessed., All of the layouts were
stored in a computer system that enables geometric modifications and the
restructuring of ‘graphic displays as repository . conceptual design work
progresses. The thermal and mechanical stratigraphies of drill holes at Yucca
Mountain were correlated. The contacts between the stratigraphic zones were
correlated on the basis of mineralogical results, lithologic logs, downhole:.
geophysical logs, and bulk properties. These contacts were entered into the
computer graphics system for modeling and assessing repository performance at -
Yuceca Mountain, In addition, a two-dimensional finite-element computer code
was developed for modeling groundwater flow in both saturated and unsaturated
rock strata. ,
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The Program Evaluation and Rev:.ew Technlque (PERT) for ‘repository performance

assessment was ‘completed. This PERT will be used for analyses 'and documenta-

tion in support of repository licensing.” The performance assessment network
analysis work is directed at analyzing  the lnterrelatronshlps and relative
1mportance of reposztory subsystems as they affect rep051tory performance .
which, - in" turn, "will help define ‘the  documentation ° ‘needed for reposztoryl
licensing. Sznce _the valldatxon of the ‘models used in the overall performance'
assessment of reposxtory containment . ‘and 1isolation systems is essential for

site oharacterlzatlon and | l1cen51ng, .a valldatlon progrmn ‘was 1n1tlated for - -
the” NNWSI. The goals of “the validation progrmn ‘are adequate documentatlou,"'

code verlflcatlon, and model valzdatlon. - A primary ‘task “of ' the valrdatlon’:
. program is to define’ performance targets for the computer modellng codes which’
correspond to ,the relative sensxtxvxtles of “the spec1f1c processes “addressed -

by ‘the - ‘codes ‘for the containment ‘and isolation systems., ~ The- performance"fi
assessment validation process will demonstrate model validity through success- '

ful predlctlon of the results of laboratory tests, field data, and natural
analogs. ‘A survey of the computer modelxng code requrrements for reposztory )
systems - performance assessment " was’ completed and - a code l1brary was ‘estab= -
lished to ‘provide’’a central location for’ documentation of repository perfor-
mance assessment codes. A quallty assurance prooram plan wrth deta1led
act1v1ty plans and ‘instructions for each aotlvzty xn -the performance assess-
ment work breakdown structure was developed : B

A three-year program plan was develdped for studylng the " stability of
promising candidate materials for shaft and borehole-sealing.” A workscope was
prepared for the investigation of the permeability of the seal-rock interface,
the prOpertles of Specxfzc seals,‘characterlzatlon of the- rock—concrete/grout‘"
interface 'zone of ‘selected plugs’ prepared ‘for contalnlng 'underground .nuclear
weapons' explosxons, documentatlon ‘of - the NTS experxence ‘and capablllty to
produce spec1f1c ‘physical” "and" chemlcal propertxes in concrete ‘and- grout
m1xtures, ‘and documentat1on of the NTS experience in emplacxng concrete ‘and -
grout seals._ A testlng program was establlshed for.- -studying - the possible:’:
interactions of prevzously developed 1norgan1c cements ‘and grouts in combina-:
tion with a tuff filler and the tuff units of interest at Yucca Mountain. The
1ncorporat10n of geologlc materials removed during reposxtory construction as
fillers" in the sealant mixture appears- part1cularly attractlve from geochem—
ical compatlbrllty, availability, and cost - standpoxnts. “The ‘formulation and

testing of rock-grout/concrete seallng materxals began 1n the second quarter‘-
of FY 1982. ' Beomen coo : S -
A program plan’ for nucllde m1grat1on fzeld experiments in” tuff"was“deveIOped.
This plan -includes matrix diffusion- and fracture-flow experlments which® would -
provxde data for develop1ng three-dlmen31onal ‘transport’ models ° that :'would -
calculate, for erample, the progress “of’-water’ 1nf11tratlon "into" tuffaceous‘f
rock from a fracture and the?” ‘affects ‘of -several key- parameters on ‘nuclide -
mxgratzon/retardatlon. Varlous substances and mlcroorganlsms ‘were ' evaluated.:
for thezr suztablllty as’- traoers. Laboratory experxments wereaperformed on -
rocks contalnzng “both™’ natural ‘and * artificial ’ fractures. ‘However): field -
exper1ments~have been "deferred until® facilities’'in the" Exploratory Shaft” are .’
available- and approprlate experzments have ‘been ‘désigned.” The" generxc granxte v
radionuclide migration” exper1ments were “cancelled during-the- flrst quarter' a’

-r .
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termination. plan . was developed and implemented to allow _the technical
community to take advantage of the research conducted. The engineering test
plan for these experzments was peer reviewed.

A plan view of the G-Tunnel rock mechanics complez in the Grouse Canyon tuff
which is. similar to Yuecca Mountain tuff, was prepared and the erperlmental
Eac111t1es were mined. Several experiments will be conducted in this complex.
A small diameter heater experiment was completed in unsaturated (about 85 per-
cent ' saturated) welded tuff to study groundwater migration in response to
locallzed ‘heat. The results support the interpretation that groundwater does
-nxtlally mlgrate toward the heater hole and then vaporizes; no water
collected in the bottem of the hole during cool-down. A small diameter heater
experiment in unsaturated (about 90 percent saturated) nonwelded tuff was in
progress at the end of FY 1982 to study heat transfer and dewatering
phenomena. :

Development work om the desxgn of an Exploratory Shaft (ES) was under way dur-
ing FY 1982. An-Ad Hoc Working Group was established in April to make Flgure
of . Merlt evaluations on two key ES alternatlves.‘ The first working group
evaluation resulted in the recommendation of the preferred ES construction
method, conventional m1n1ng rather than large-hole drilling The second
evaluatlon narrowed five ‘possible sites for the ES to the most desirable,one,,_
a site on the east side of Yucca Mountain in Coyote Wash. Work on the Title I
ES .design and drilling of the Principal Borehole (USW G-4) for the ES was
begun durxng the last quarter of FY 1982,

The preparatlon of several maJor documents was begun- in FY 1982. These
documents. included the. Env1ronmenta1 Assessment for the Exploratory Shaft,
.Site Characterization Report,.Test Plan for the Exploratory Shaft, and Sxtxng
Recommendation Report for a ‘nuclear waste reposxtory at Yucca Mountain.  'In
addition, a land protection plan was prepared to secure the availability of
the . necessary land should a commercial nuclear waste repository be sited on
the .DOE's - NTS and/or contiguous U.S. Air Force and Bureau of Land Management
land,

The. Spent Fuel Test--Cllmar operated in. accordance with established. plans.~
About 4,700 people, including many public officials.and- scientists frem around .
the world have .visited the Climax test since it began in the Spring of 1980.
During FY 1982, the second and third spent fuel canister exchanges were
successfully conducted in October and August, respectively. As in the first
exchange, all operations were executed in a safe and efficient manner. During .
the. third exchange, a canister. which had been exposed to boiling groundwater
for eight months was removed and examined for corrosion; none was found. 'The ~
spent . fuel exchanges. were conducted to malntaxn and demonstrate the retrxeval
capabilities of the. handllng systems. The Climax test enviromment caused two.
types of - geotechnlcal instruments to malfunction; the malfunctlonlng instru=- .
ments ~were K replaced -and other instruments were augmented with addztxonal
temperature sensors to enhance the quality of acquired data. Ventllatlon
effects tests were, also conducted to. provide data for improving. existing .
models. of convection and ventilation processes. In addxtzon, a laboratory
study: of the effects.of a massive dose of radiation on the Climax granite was '
completed. ‘
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The . Surface Storage Cask - (SSC) was moved into the E-MAD Hot Bay, the spent
fuel canister was removed : -and  placed .in. the Lag Storage P:.t and the SSC was
returned to the pad. . This:event terminated a four-—year demonstrat:.on of dryf
interim storage of a sealed . canister containing spent nuclear - fuel in . an
aboveground reinforced concrete cask.- In October 1982, the canzster w111 be .
cut ‘open and the fuel assembly will be removed from the canister. After the .
physical. condition of the assembly is- determined by v:.sual o‘oservat:.on, com-f‘,
plete. video- scan,- and numerous still. photographs, .the assembly will "be. in-
stalled in the fuel temperature test apparatus and will be tested for approxl-
mately one year. : : S

In support of the Dry Storage Fuel Integrxty Demonstrat:.on Program, gas:,'
samples were acqulred from the seven.drywell: test canlsters contalnlng Spent,
fuel assemblies. The samples were analyzed for the presence of krypton-85,
which :would ‘indicate fuel pin leakage; none was detected. Equipment was.
des:.gned and : fabricated for handling ‘ canisters dur:.ng fuel assembly/canlster
contamination examinations and for. holdlng and v1brat1ng canlsters to- remove
loose debr:.s for analysis in preparation for FY 1983 Program act1v1t1es. o ‘

FY 1983 L L _' P

Durmg I-'Y 1983, kthe Przncrpal Borehole (USW G-l;) for the Exploratory Shaft ‘was
completed in Coyote Wash (dry) on the east s:.de of Yucca Mountaxn. "Results

from USW G-4, which was drilled with air-foam to a depth of 3,000 feet near
the proposed shaft s:.te, confirmed the geologic and. hydrologic suxtabxlxty of
the location.. A ‘major -hydrologic hole (USW H-6) was.also .completed .to 4,000

feet . in depth around the .edge.of the area- of ‘interest’.at Yucca’ Mounta:.n.'}
About six-miles west of.Yucca Mountain, a maJor exploratory hole .(USW VE-2),
was - drilled, ~cored - and tested to 4,000 feet in. depth in . Crater Flat to"_
further define the nature and age of anc:.ent volcan:.sm in.the .area. .. '

Downgrade to the east of Yucca Mountaln, Paleozo:.c dr:.ll hole UE-ZSp#l reached_',
the . carbonate pre—'l‘ertlary basement rock at about 4,100 feet in. depth.at &
location where gravity and other data indicated that basement rock .could be
reached at the shallowest depth. Elsewhere ‘around the area of. :Lnterest at -
Yucca Yountaxn, exploratory holes did not .encounter basement rock at depths of
up . to 6,000 feet, UE-ZSp#l revealed- the nature of the’ acqu:.fer .in the
Palezoic basement rock :and the: complete sequence of . volcam.c rocks underlyrng
the Yucca Mountain :area, 1nclud1ng some older tuffs ‘not seen in. other -holes. -
This hole also made- - possible the. evaluat:.on of total groundwater product:.on
and the identification of water production in all produc:.ng zones throughout
the complete sequence of volecanic: rocks,. - -: .. Sl

The reglonal hydrolog:.c studles were erpanded to :anlude an add:.tlonal obJec—
tive while past; efforts, wh1ch concentrated on develOp:Lng models .of ground—
water :flow -in.the- unsaturated zone, were contxnued The . new obJect:we was
aimed . at. understandlng the movement of groundwater and dissolved chemrcals
through fractured: rock us:.ng tracers.A To ,provide . supplemental data for’ “the
continuing stud:.es, :a ; number. of lzmlted-purpose holes were drilled to further .
define. the: hydrology around Yucca Mountain. Dur:.ng 'FY . 1983, ,the dnll1ng

program 1ncluded eleven of -a, serles of water table holes wh1ch were dr:.lled to .
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establxsh the statlc water level and to collect water samples around the'
entxre block of interest, ‘- The water table elevations suggest that-the . fault
of Solxtarxo ‘Canyon, which  is just west of the main'ridge of Yucca Mountain, -
may be retardlng the eastward movement of groundwater, Chemical analysis
revealed that sodlum is the most abundant cation and bicarbonate is the most’
abundant anion in all of the groundwater samples obtained. In support of the
new objective, the first of a series of 3,000-foot-deep holes that will be
used for measuring- groundwater flow rates. down—hydraullc-gradzent from Yucca“®
Mountain neared completion®at ‘the end of FY 1983. 1In addition, horizontal
drilling into the Topopah Spring Tuff exposed at  Fran Ridge near Yucca
Mountain also neared completion. This test hole was drilled with air to
obtain data on groundwater movement in tuff in the unsaturated zone without
the 1ntroduct10n of water and forelgn material such as drilling mud.

By the end of FY 1983, detailed geologlc mapping  (scale 1:12,000) of intra-
-coollng units witfin the Tiva’ Canyon and Topopah Spring Members had progressed’
outward from the central block to include the western and northern blocks and
outcrops as far to the east as Fran Ridge. Results suggest a slight increase
in the density qf faults in all areas surrounding the central block. Efforts
were also focused on the detailed characterization of the geologic setting in
the vicinity of the proposed Exploratory Shaft. Studies included detailed
surface ‘fracture analysis along ridges surrcunding the site and analyses of
cores collected frca drill hole USW G-4. o

A study was begun to develop a model to predict the ‘lateral contlnuxty of
stratlgraphlc units and their mineralization between drill holes in the Yucca
Mountain area. The dxstrlbutlon of sorptive zeolites and other minerals which
would’ retard waste element mlgratlon or produce thermomechanical effects under"
repository condxtlons are of part1cular interest., Related studies will pro-
vide information on the composition and geologic history of the rocks between
the block of interest and the accessible env1ronment.‘ Geochemical experxments
contxnued to relate radionuclide sorption capaclty to the sorptive mineral
"content of dlfferent tuff strata. The data and models resulting from these
efrorts will be used for developing rapository and waste package design
crlterla and in calculatlng the effectiveness of natural retardation barriers -
within the host rock ‘and contzguous geologic units along the flow path to the
accessible envxronment.; Durlng FY 1983, the kinetics of cation adsorptxon
within Yucca Moutain tuff was shown to be consistent with the ratio of dif-
fu31on ‘into zeolite and clay minerals. Experiments were also begun to study
the transport of radionuclides through fractured Yucca Mountain tuff. :

Progress was made in defining the limits of mineralogic control of Eh (oxida-
tion-reduction potential) and fracture infilling mineralization at Yucca
Mountain. These parameters 'affect the retardation of" radionuclides by‘
minerals within "solid rock -and by minerals on the surfaces of fractures in
rock., . Through work on the first parameter, it - became apparent that the
11m1ted abundance of ~oxidizable iron provides mno significant buffering
capaclty for Eh. A method was developed for- studyxng the second parameter,’
fracture mlneralogy. " This method is based on” X-ray -diffraction analyses.’
Fracture aperture, 1nc11natxon, paragenesis (mineral development in contact”
with “other minerals), and a measure of mineral surface exposure within open’
fractures are aspects taken into account in the complete fracture analysis.
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Data from both of these studles wxll be 1ncorporated 1nto fracture—-flow and_”'
solld—rock-permeabxlzty rad:.onuchde tranSport models.

Yucca Mountain mineralogic and petrologic studies provided‘duantitative'data‘
on the distribution of minerals in and below the potentz.al repository host
rock :Ln both unsaturated -and saturated rock units,  Within 'the’ Topopah Sprxng
Member of ~the Paintbrush -Tuff’ and in the tuffaceous rock units beneath the
potentlal reposxtory host rock, there are- sxgnlflcant varlatlons 1n mlneral:.- .
zatlon. "’ Such changes in mxnerallzatlon include the local:.zed occurrence of
such potentlally reactive phases as’ crlstoballte,‘ trxdym:.te, .smectite, and

volcanic glass. The lmportant sorpt:.ve minerals, clinoptilolite . and_A
mordenite, also occur in discrete horizons and their distribution chang'es
horizontally and vertically. ‘However, within the thick, densely:. welded

reposz.tory explorat:.on hor:.zon,_wh:.ch is located ,in the unsaturated zone),
there is llttle variation .in ‘the’ mlneraloglc compos:.tlon. . At all. po:.nts",
between the’ potent:.al reposztory "horizon and _the, static¢ water level, the
zeolitized tuff is a minimum of 25 yards thick. In addxt:.on, large ‘amounts of
sorptive zeolitized tuff 11e_deep ‘below. the repository . hor:.zon in- the
saturated zone beneath the static water table. ’ .

Geochemxcal and petrologlcal data vere’ entered into a ‘data base management’
system.., These data will be used to . perform multivariate statistical” analyses_ .
of rddionuclide sorption and to 1dent:.fy mlneraloglc and water chemxstry cor— .
relations affectlng radioactive waste. . transport and retardation. . These data .
were structured into five domains:- X-ray d:.ffractzon, sorptzon—desorptlon, .
water chemxstry, mineralogy/petrology, and cation exchange'.

Stud:.es “of basalt:.c volcan1sm “for hazard assessment ‘were nearly completed.,'
Field and laboratory petrologlc Studies were extended to include "all’ basaltic’
volcanic rocks in the NTS region durlng the last 12 million years. Data show _
that theré has been a un:.form:.ty in ‘the naturé and’ compos:.t:.on of basaltxc"j
volcanlsm dur:.ng the "last "eight million years._ . This’ un:.formxty gives
increased . confidence in predxct:.ons of future patterns ~of volcanlsm.,_ﬁ The
potent;\.al for hydrovolcanlc act:.v:.ty (vapor explos:.ons due to magma/water con-
tact) was identified as a subJect requxr:.ng further’ 1nvestlgat10n at- the Yucca ‘
Mountain s:.te and this top:.c w:.ll be a focus’ of stud:.es in FY 1984. )

-

The pr:.nc:.pal results from 1nvestxgat1.ons of natural sexsuuc:.ty S for” FY 1983'
indicated that Yucca Mountain lies within a broad "U" shaped zone of low-level
seismicity extending on the-west to.the Funeral Mountains,. on the south to the
Black Mounta:.ns .and Nopah Range, and on the southeast to the Spr:.ng Mountains,
After .two. years of intensive highly ‘sensitive monxtor:.ng, two. earthquakes have,,
been located ‘there with’ magnz.tudes of 1.7 and 1.5) respectlvely.,_w Faults at .
Yucca ‘{ountaln, however, do not exh:.b:.t ev:.dence of 31gn1f1cant movement in ath' ”
least the last 500 000 years.i';, - AU . -

ot s Coow L 2 Cen

Selsmometers were :Lnstalled Jat and deep below land Surface in maJor Yucca i
Mountain exploratory ‘drill ‘holes.’ The surface and downhole seismometeérs are
be:.ng used to measure,  and. compare .ground, mot:.on .caused by distant (greater:.
than 20 miles’ away) underground nuclear tests.J 'Ihe data’ recorded 1nc1ude peak'f.

vector acceleration” in the “pressure wave and the Rayleigh wave’'(an'elastic -
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wave confined to the surface layer of a solid medlum) The data gathered thus

£ar indicate that there-is substantially less ground motion arriving at depth
than on the land surface and that ground motion is greatly diminished by
distance from the test.

A network of ten tectonic activity measurement stations was "established in the

Yucca Mountain area to measure’ crustal deformation. Slnce crustal deformatxon

can be dxrectly observed it is a useful indicator of the rate and nature of'

tectonic activity. Repeated distance measurements of refractivity using a
laser .instrument covering 25 lines between the network stations were begun to
obtain precise data on crustal deformation to an accuracy of two parts in 10
mxlllon.

Wlth various types of hxghly sophisticated photogrammetric equlpment and a -
unlque computer image processlng facility, photogrammetric 'structural studies.
are . providing high-resolution topographic information, including the complla- :
tion of highly detailed contour maps and the collection of digital" terrain
data. Utilizing ‘digital image processing, a three~dimensional model of Yucea

Mountain _geology w111 be des1gned so the ‘topographic features of Yucca
Mountain and the adjoining ragion will be the base overlay of the geologic
structures. These high-resolution topog*apnxc maps will support geoloo1c as

well as gravity studies and also will be useful for the construction of a

repository. Durzng FY 1983,'two phases of site photography were completed
During FY 1983, ‘three contour maps were ccmpiled from 23 stereo models.

Digital terrain data of the mapped area have also been collected and edited -

for use 1n three-dzmenszonal (computer) modeling.

Prelxmxnary conceptual designs of subsurface reposxtory layout conflguratlons

were ‘completed for Yucca Mountain. The layouts anluded comparxsons of
vert1cal and horxzontal waste ‘emplacement  schemes. To make the comparisons
more meaningful, supplemental information was produced on mine development,

ventllatlon circuitry, and surface .acllxty interfacing In addition, pre-
11m1nary conceptual ‘designs’ for the underground waste transporter, waste

emplacer, and waste retriaval equipment ware ccuplated. After inclined and

vertical reposztory access arrangements were comprehensively evaluated, it was
concluded that the’ 1nc11ned ramp entry concept was preferable for main access

because it capitalizes on the adjacent topography and provides scme unique’

_ features favorably affecting safety, flexibility, and. operatiomal functioms
no;iinherent with the vertical shaft concept. )

Prellmlnary layouts of the repository surface facilities were also completed

and’ archltectural plans for the’ sectxons and elevations of the various admlnx-"

stratlve and service buxldlngs were developed. '~ Tentative waste handling

procedures for - recexvxng, packaging, transferring, and emplacing high-level
wasta packages ware prepared. Preliminary guidelines, designs, and security
system evaluations for the repository surface facilities were completed. Pre-.
liminary designs were also completed for the ramp and shaft underground .

accesses, waste handlxng facxlxtzes, and exterior utzlxtxes.

The ‘small diameter’ heater ‘experiment in unsaturated (about 90 percent satu{i
rated) nonwelded tuff’ was' ccmpleted. This test took place about 1.3 miles
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back in G—Tunnel at the NTS ‘at -a depth” of about 1,400 feet below Rainier Mesa.:

The heater - was emplaced ‘in - a - borehole "array: conflgured to’ yleld data on -
thermally ‘driven water mlgratlon ‘Phenomena.” The ‘tuff ‘reached : temperatures in =

excess of 160°C." The' emplacement hole :and’ heater temperature profiles’
indicated that convection -was present "because ‘temperatures- in ‘the upper part

of the hole were higher than predlcted when - con51der1ng conductzon ‘as the only )

heat transfer mechanism.”  Liquid” water was mnot "detected at any time 'in- the
bottom of ‘the “emplacement hole, ‘but the relative humidity reached saturation
within ten  hours after -turning on ‘the heat.” The results 'also showed the
effects of dewaterlng on the thermal conduct1v1ty of the host rock. o

Field preparatlons for the Heated Block Experlment were - completed and testzng
began in September ‘in ‘the ‘rock mechanics' test area of -G-Tunnel. - The Heated:
Block ‘Experiment-is one .of several. experiments .being conducted to measure and’

evaluate the response of welded tuff to thermally induced changes as wouldfbe

expected in an actual underground nuclear waste repository in tuff. The
experiment - consists. of .four phases: slot cutting, ‘flatjack initializatiom,.
ambient temperature testing, and thermal cycle:testing; "all but the. last phase.

was completed.in FY 1983. - In preparing for the test; the’ floor of the!drift
was instrumented with a permeability measurément system and numerous displace-

ment measurement -devices. - Data were collected which ‘defined the: pre-slot

strain and stress state.:: Changes to the natural state were recorded during -

slot cutting. A" diamond-studded chain saw was used to. cut  the slots:into the

floor surrounding the-test block and this resulted in pressure . ‘being released.’
During slot .excavation,. the'block was monitored with strain, deformationm,.and °

permeability measurement systems. ' All slot reloading phenomena were’ carefully

- monitored while normal stress conditions were reestablished 'in:the .slots’prior -

to the Heated Block Experlment. The flatJacks installed in the slots were
used to reestablish normal pressure and, during the “experiment, to maintain a’
constant uniform: stréss across the': load area ' for determining the  effects of"

elevated temperatures ' and .pressures:on welded ‘tuff -and' the accuracy ‘of .the
values presently used:in’ modeling those effects ‘as'they relate: to repository":

design.: Preparatlous were ‘- also” completed - for another major in -situ rock
mechanics “experiment, 'the Rocha Slot Expériment, which is scheduled "to begin
in FY 1984. This test will allow an evaluatlon of . the rock mass . deformatlon
modulus for welded tuff. Lo B P S : .

F -

The DOE/NV rev:ewed and approved the Exploratory Shaft constructlon method
(conventional mining of the.shaft) recommended ‘by : the=Ad Hoc" Work1ng Group - in:
FY 1982.-: Conventional mlnlng permits much more geologic :and “hydrologic data“

to be acquzred ‘as the shaft-is being sunk ‘compared.to the ‘alternative method,
big hole drilling . (a” method that was developed ‘at :the -NTS for ' the nuclear:

weapons “testing :program):- ‘ Furthermore, . with conventional mlnzng, the~resu1t-‘
ing data would not be impaired by the introduction of drilling fluids into the

surrounding rock. The DOE Title I design of ‘the ‘surface - and .subsurface -
facilities was completed early 'in FY 1983 and the Title II design was
essentially -completed - at r'the ~end:. of "FY 1983.: - 'In " September 1983, the

Exploratory :Shaft Test Plan: was:also ‘essentially: completed Amc Exploratory '

Shaft Comstruction/Test Plan Network -was— developed “which- prov:.des a fully:-
lntegrated PERT -diagram .for - project construction; ‘construction-phase’ ‘data
acquisition, and postconstructlon—phase ‘in’situ testing and exploratiom, = .

.
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The -Exploratory. Shaft will provide direct manned-access to .the candidate

repository horizon where. horizontal drilling and at-depth testing will: yield"
much more data on the selected horizon than is possible by remote exploration‘:
and testing from the surface. The underground work will reveal, for example, .

the extent and pattern- of faults and fractures within, as well as "above:  and

below, the candidate horizon. - _Construction of the:  Exploratory Shaft is

tentatively scheduled to begin in FY 1985, pending completion of the
requirements imposed by implementation of the Nuclear Waste Policy ‘Act of
1982, Publiec Law 97-425, which was signed into law on January 7, 1983. These

requirements include: the completion of an Environmental Assessment and' formal -

nomination of the Yucca Mountain site for site characterization. During
FY 1982 and FY 1983, -evaluation of the data obtained frcm the Principal
Borehole for the Exploratory Shaft, osW G-4, confirmed the suitability of the

Coyote Wash location recommended by the Ad Hoc Working Working Group in

FY-1982.

The waste package Hevoldpment4task focused on develoﬁing a suitable package ..

for the candidate repository horizon in the unsaturated zone.- Task activities
included - tuff-water . interaction tests at elevated temperatures to define the
geochemical conditions in the vicinity of waste packages and the formulation
and initiation of -tests ‘to simulate the dehydration and rehydration of rock

adjacent to the waste packages., Tests designed to determine the radionuclide

release rates from various waste forms were also initiated, .These tests are

being - conducted with both unreprocessed spent fuel: and borosilicate glasses -

containing high-level reprocessed waste from civilian and defense activities.
The development of waste-form tests specifically designed to simulate
unsaturated zone conditions‘was begun. S ‘

" The cestlng of candldate metal;zc barrxer matetlals contxnued-wzth przncxpal.

emphaSLS on specific stainless steels and high-nickel stainless  alloys under
appropriate conditions to evaluate corrosion rates:and mechanisms. Particular
attention was. directed toward local and stress-assisted  corrosion :modes.
Corrosion testing of: candidate ewmplacement hole liner materials continued with
emphasis on carbon and alloy staals. -In one test, several carbon, alloy, and
stainless. steels were placed in the same cell to simulate conditions where a

carbon steel (or an alloy steel) emplacement hole liner is used in conjunction

with a stainless steel canister. Another series of tests was begun to
determine the general and localized . corrosion susceptibilities of several

stainless steels as a function of temperature in tuff-conditioned groundwater.

in - the presence of :crushed Topopah Spring Tuff. Tests were also conducted -to

determine the effaects of tuff-conditioned water vapor on carbom, alloy,  and -

stainless steels. These test data will be used to predzct ‘the effects of
changes in the  oxidation potential on the corrosion behavior of steels.
Corrosion tests in ionizing radiation envirorments were also initiated to
evaluate potential -adlolyszs ef‘ects.

Reference and alternatlve conceptual waste package designs were developed and:
preliminary thermal,  structural, and criticality. analyses were performed. The -
possxble need for ‘a tailored packing material as a waste package component was -

identified and initial fabrication tests for this material were conducted to

determine variations. in physical properties. Preliminary design studies were:
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done to’ identify possible waste package performance ‘differences between"
- horizontal and. vertxcalostorage ‘orientations and ° to~est1mate ‘the 1mpact of
waste package diameter ‘on reposxtory system costs. ‘. - : o -

The requirements for the modification of waste package performance evaluatlon
models and computer codes to’ ‘reflect unsaturated zome- condltxons were identi--.
fied. .Preliminary ‘code ° verlflcatlon act1v1t1es - continued, Uncertainty- '

analy31s technxques were evaluated. S o i_ .

5 - - . .

The ° three-year storage phase of the . Spent Fuel: Test-—Clzmax was completed w1th '
retrieval of. the ~spent ~fuel canisters- durlng -March-April 71983, -The' 6
electrical” simulators and 20 auxiliary perimeter heaters involved in’ the test’
were "also deenergized..concurrently. The liners were removed -from the 17 Spent’
fuel and simulator : emplacement holes to' facilitate ‘postretrieval geological
sampling. The .11 -spent nuclear fuel assemblies were returned to the NTS:E-MAD"
spent. nuclear -fuel handling and ‘packaging research ‘and ‘development- facility,
where ' they will remain pending ' further /disposition.” - Radiation and
decay-heat-level . measurements of one spent fuel assembly were completed in FY:
1983 ‘and . additional ' -decay-heat - calorzmetry “and - dosimetry .: radiationm
measurements w111 be completed FY 1984. : s ’ oo

.o

Followzng retrlevalzof'the‘canlsters from,the Spent Fuel Test--Climax :test
facility, rock temperatures, displacements, and stresses were monitored . for
about six months:to .study.the response of the rock unit to cooling ‘and. to -
further evaluate the computer . codes ‘and models uséd' to predict -this response.: -
Measurements of the in situ state-of-stress and the in situ deformation
modulus-of the rock unit were obta1ned for comparlson w1th pretest values and
for 1nput to fxnal calculatlons.-- - =

. : ¢ e . JTIEN -,

Analyses of the mlneralogy and petrography of unheated, unirradiated coré’.
samples. of the Climax ‘granite. (quartz monzonite) were ‘completed. . ’'Geologic’
samples' ‘were obtained from mnear the spent-fuel,. electrical-simulator; :and -
auxiliary-heater: holes., These “samples will.:be compared -with -the: pretest. -
baseline results to determine‘the nature and extent of changes resulting from
exposing the:rock to heat.and, to see if there is ‘a significant" dxfference,.»
heat . in :‘combination 'with  ionizing. radlatlon.~' . In addition, ,posttest
instrumentation - calibration -:activities .'were begun -for.. the . purpose :-of
confxrmlng the hzgh quallty of the data obtalned durlng ‘the nearly four-year
monltorlng period.- Sl LT . . !
As part&of the‘ongoing fuel .integrity ‘demonstration activities-at:the. E-MAD
Facility, hermetically weld-sealed steel’ storage canisters were .cut open ‘and
spent, ‘pressurized’ water "reactor (PWR) nuclear fuel "assemblies were removed
under.dry conditions 'in the E~MAD Hot Bay. :Dry disassembly of ‘portions of one"
PWR- spent fuel assembly was also performed for the first time,:in!the 'E-MAD
Hot Bay, when two~fuel rods. were removed, .inspected, ‘installed ‘in'a “temporary :
storage container, and placed in the E-MAD Hot Bay-lag.storage.pit.. The:first -
high-temperature (275°C) dry storage test was initiated, using the.:fuel
assembly from which the two fuel rods were removed, with test conditions
simulating the continually decreaszng radioactive decay heat levels of the
fuel. Gas samples of the test canister atmosPhere are being taken each month
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to: monitor the -integrity _of the fuel rods. This test will continue into FY
1984, .after which additional fuel rods are scheduled to be removed from the
fuel assembly and inspected for comparison with the pretest fuel-rod
inspection result. '

The.  NNWSI completed 'the public hearings required by. the Nuclear Waste Policy

Act of 1982. The Nevada hearings were held on March-30, 1983 in Las Vegas and
on March 31, 1983 in Reno. The hearings were held to solicit comments' from
the State of Nevada and the general public regarding the nomination of Yucca
Mountain, Nye County, Nevada, for site characterization-as a potential high-
level nuclear waste repository. The hearings were-also held to solicit issues
to: be addressed in -the Environmental Assessment - (EA) supporting formal
nomination of the site and issues to be addressed in the Site Characterization .
Plan. (SCP) which would be ~issued prior to proceeding with site -
characterization, . During .FY 1983, the NNWSI focused extensive efforts. omn
preparing an EA and SCP which would satisfactorily address the issues raised
at the -hearings and -which would fulfill other statutory “and regulatory
requirements. To help fulfill the growing. requlrements imposed on the NNWSI
by the Nuclear Waste Pollcy Act, the Nuclear Regulatory Commission, and the: .
Environmental Protection Agency, a sixth major Project. participant, Science
Applications International Corp. (SAIC), was brought onboard to serve as the
Technical and Management Support Services contractor for  the NNWSI.: By the:
end of FY 1983, SAI had assumed major roles in managing and participating in
the preparation of the EA and SCP as well as in taking over responsibility for.
quality assurance and technical overview of the NNWSI Project.

Efforts to integrate and systemize data through  the implementation and
utilization of advanced computer technology and the’ in-house development of
project-oriented software increased in iatensity during FY 1J83. These
efforts were accentuated by the growing need to mutually share and .organize:
the knowledge accumulated by the major NNWSI participants and their: subcon-
tractors,.and the need.to bring together and format data for model development
and- validation as well as to satisfy institutional  requirements. Computer.
systens and codes were developed and/or modified to model, analyze,
synthesize, and format data to fulfill informational. needs. These efforts
were largely focused on modeling and assessing the performance of a repository
located at -Yucca Mountain in the block of interest. A central example of the
effort to integrate.and systematically Eormat, correlate, model, and evaluate
the huge and diverse data base that now exists is the Total System Performance
and Assessment Code (TOSPAC). This computer code consists of many subcodes -
which- permit multivariate data correlation, system sensitivity studies,  and -
repository disruption. consequence analyses. TOSPAC and other data base =
management and modeling systems will provide Project participants with access
to- current multiparametric data on selected scientific and engineering
subjects and the capability to readily utilize those data and the software
available to assess the technical suitability of Yucca Mountain as a potential
repository site and the efficacy of alternative repository and waste package

designs.
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FY 1984 . o J L T
The NNWSI drilling program focused on obtaining hydrologic data on‘ the
prospectxve Yucca Mountaln reposxtory site. Three unsaturated zone holes were
drilled and instruments were. installed to measure ‘natural water movement at
various depths in the unsaturated’ zone. Twenty-slx neutron holes were also
drilled for periodic logging of the unsaturated zone to monitor water’ ‘movement -
and to locate perched water. Three hydrologlc test- holes were drllled and
instrumented to measure hydrologic £low beneath ‘the 'static water table
downgradxent from the candidate reposztory site. An additional three of 'a
series of .18 water table holes were completed in an’ effort to determine the
gtatic. water .level around the entire block of - 1nterest at Yucca Mountaln,
eleven water table holes. were completed in, FY 1983.A ‘ :

Pumpxng and ‘injection tests were performed 1n test “wells UE-25c#l, 2, ‘and 3.
These three 3 OOO-foot-deep holes represent a trlangular array constructed_
downgradient from Yucca Mountain for hydraulic and transport testing along-
directions parallel .to and. across reglonal fracture sets. Subreglonal flow
modeling was completed to include Yuceca ﬁountaln to’ Alkall Flat” and Death“
Valley. - . Parameter estimation model1ng continued " with 'respect “the
groundwater flow’ system beneath Yucca Mountaln and its environms. - ' -

Horizontal and vert1cal plugs from ‘usw G4 (the Prlnczpal Borehole ‘for the’
Exploratory Shaft) and UE-25p#l (the Paleoczoic ‘borehole located immediately
downgradient from Yucca Mountain) were cored for use. in determlnlng hydraulic
conducthLty, graln denszty, ‘and porosity. The hydraullc permeabzllty of the -
plugs was also determined. In addltlon, magnetlc susceptlblllty and remanent
nagnetization meaSurements were completed on Pale0201c carbonate ‘'samples
from UE-25pfl core. . 7 *f | S

%

Eleven precipitation stations were established to define ‘the ‘effects of storm’
tracks on the chemical and 1sotop1c compos1tlon of preclpztatxon.‘ Two temper-—
ature recorders were installed near two. preclpltatzon stations located far
from ex15t1ng temperature recorders. Two preclpltatlon samplers, Jeapable’ of
takxng six sequent1al samples durlng a 51ngle storm’ event, were manufactured
and lnstalled on Yucca Hountaln and at Kyle Canyon. o -
The one-dimensional model of air and gas flow in the unsaturated zone was com-
pleted. A two-dimensional flow model of the unsaturated zone was reviewed to
determine what analyt1ca1 solutlons would be approprlate to test its” valldlty.
The finite dxfference model was executed to 51mulate the ‘unsaturated zone.’
Realistic’ ra1n (flux and perxod) “and evaporatlon data were’ developed for use
in the model.” " The run was desxgned to obtain ‘simulation’ data for “two’ ra1n
perlods separated by a perlod of evapotranspxratlou. S - : ‘
Interpretlve “work” contlnued ‘on the cross sectlons along and perpendlcular
to the main ridges of Yucca Mountaini - A relatlonsh1p ‘was developed between
thermal conductivity and compressxonal wave velocity 'that will- be 'used to-
predict . thermal. conductivity "in boreholes for which core is not available.
Downhole temperature measurements ‘from Yucca Mountazn ‘éross sections were ‘used’
to develoP theoretical ‘models. - Temperature ‘logs~ were reduced from drillholes
.in the vicinity of Yucea Mountaxn and ‘entered into disk- files. Additional
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analyses were "completed on thermal conductivity data and heat flow
distribution for the Yucca Mountain area. The distribution was tabulated and
mapped.

Selsmxc network da:a made p0351b1e a detailed study of focal mechanisms in the
entire socuthern Great .Basin. . Progress was made in the evaluation of ground
_motion attenuation and seismic hazard studies. Several seismic hazard maps
were produced representing the results of differing sets of assumptions about
the tectonic and seismic rates.

Aer1a1 photo reconnaissance of faults was conducted over Yucca Mountain and a
map.-was compiled. Varicus types of photo lxneaments in the alluvium were
classified and entered on the map. Faults were compiled on the 1:12,000-scale

topographic base map of Yucca Mountain. A second map was assembled'Showing-

lineaments visible in air photographs of the repository site. In addition, a
fault map was compiled of the Beatty 1:100,000~scale quadrangle from published
data. .

Detailed gecloglc mapping. of Yucca Mountain was extended into the area south
and west. A 1:12,000- scale geologlc map of Yuceca Mountain with cross sectlons;
was completed, The presence of a pre—ToPQpah Spring Mezber topographic high

was identified. Detailed fracture mapping and characterization was started at
exposed -rock pavements near the Exploratory Shaft site. The mapping of frac—
tures on two such pavements was completed.

A 2— to 3-meter section of sediments overlying a- dzsconformxty in the Amargosa

Desert. was: sampled to establxsh the age of these ‘sediments and-the underlying

disconformity based on magnetié¢ polarities. Numerous widely disbursed out-

crops of the Tiva Canyon and Topopah Spring Members were sampled to assess the
extent of rotation about a vertical axis in response to movement on lateral
shear zones and to different amounts of extension.
Work continued on a comparison of fracture orientations obtained by television
camera observations of drillhole walls and those obtainad by acoustic tele-
viewer. logging of the walls. Cuttings from boreholes were examined to refine
detailed correlations of stratigraphic units in the vicinity of the repository
site. The stratigraphic and lithologic description of the water table bore-
holes was completed.

Rock.’ samples were collected for magnetic property analysxs to aid in the
interpretation of, the Las. Vegas 1:250,000~-scale aeromagnetzc sheet. This work
included a preliminary evaluation of the aeromagnetlc anomaly map of the Las
Vegas—-scale quadrangle- and the evaluation of background material. Field sus-
Ceptlblllty measurements made at the sites of major magnetic anomalies in the
test site region were analyzed in an attempt to relate anomalies to regionmal
structure and hence to the structure at Yucca Mountain. The crustal model of
a broad. area around Yucca Mountaxn was refined on the basis of teleseismic and
deep refraction results.

Fleld work and data compzlatlon for a geologic map of the northwest quar:er of
the Bullirog quadrangle were conducted to reveal the tectonic framework of the
Yucca Mountain region. Data compilation of the northwest and southwest
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quarters‘ of the partlally ‘remapped - Bullfrog - “15-minute " quadrangle i was
completed. Field work wasiperformed 'to ‘collect ‘data “for “a’' 1:24,000 bedrock

geologic map of the southwest quarter of the Bare Mountaln 15-minute

quadrangle.

L e
[

A state-of-the-art autocorrelated photon spectroscopy system was developed ‘and -

put in Operatlon to study the geochemlcal _aspects of potential radionuclide

mxgratlon at Yucca Mountain. ~ This’ system-was -used - to measure the -size and’

size distribution of colloids and plutonium.polymers.- Colloid transport. was -
also considered theoretically and was incorporated -into> computer  models.

Laboratory experlments, on radlonucllde transport were conducted in both

crushed rock and rock' fracture systems. “ Im addltlon, quantitative X-ray .
powder ‘diffraction techniques' were applied to the tuffs at Yucca Mountaln to’

obtazn a three—dlmensxonal mxneraloglc model.-»=~

The’ m.neralogy of fractures in usw G-l; dr:.ll core from ‘a depth of nearly
800 feet above the stati¢ water level, whlch is 'located ‘at 1,770 feet below
land surface, was exanined to determxne the’ sequence of- deposzt1on and to

1dent1fy any minerals that might serve®™ as 'natural barrlers to radionuclide-

migration from a auclear waste repository. Mordenite was found to be present,
although not abuudant, at the top of the interval sampled; 1.e., the top of

Tuff. Heulandite occiirs” from" “about’ 1,245 to 1 378 feet in depth, c11n0ptllo--

lite rather than’ heuland1te occurs alone or wlth mordenlte below 1,378 feet in-

depth. Smectité in fractures is abundant’ only in the ‘vitrophyre- of ‘the Topo-
pah' Spring Member of the Paintbrush’ Tuff and at the top of the Prow Pass
Member of ' the Crater Flat Tuff, -~ =~ ‘> .. :

The unsaturated zone-below 800 feet in depth can be d1v1ded into three rock

types: devztrlfled, glassy,’and zeolitized host rock. " The- fracture*lxnlng}

zeolites for 'each of these three'rock ‘types differ in mlneralogy and ¢ morphol-i
ogy. Preservation of nonwelded ‘glass ‘shards -in"the’ host ‘rock: above ‘the zeo-'
lite mineral ‘transition in’ the fractures indicates ‘that ithe water:table was"

never hlgher than thz lithic-rich basé of the Top0pah Spring Member in the
v1c1n1ty of USW G-4, Fracture lxnxngs 1n the zeolltzc Topopah- Sprlng Member

found in fractures of the vitric zone above it rather than to the sxze of the

cllnoptllollte in ‘the Tuffaceous Beds: of Ca11co Hxlls below.
. o RIS

Volcanic hazard 1nvest1gat10ns focused on flve t0p1cs. (1) ‘the mechanism of -

emplacement of shallow basalt” 1ntru31ons, ‘(2)" the’ geochem1ca1 trends in :the -
volcanic flelds of the” Death Valley-Pancake ‘Range volcanlc .zones: (3) the.

possibility ‘of bimodal” basalt-rhyollte volcanxsm, (4) the .age-'and- process “of:

enrichment - of - lncompatlble ‘elements 'in- young ‘basalts  of the NTS ‘region; ~and

(5) the possibility of .hydrovolcaric activity. The investigations “found -that '

while the stress, regime of Yucca Mountain may favor the formation of shallow

basalt” 1ntru510ns, the ° comblned ‘field, and " drlllhole ‘studies “suggest::that?
shallow basalt’ intrusions are “rare - in-‘the igeologic “record: of i the':southern-

Great Basin. Investigations of the geochemical trends of basaltic volcanism
in the NIS region continued to provide no evidence of possible future
increases in the rate of volcanism. The volcanic hazard investigations also
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continued- to show that. existing data are consistent with declining volcanic
activity comparable to the late stages of the southern Death Valley volcan1er

field.. -

EQ3/6 is a set of related computer codes and data files for use in the geo-

chemical modeling  of aqueous. systems. To satisfy: NRC software requirements,
work was begun on a series of EQ3/6 user's guides.: These guides will not only
describe how to use the- codes, but will explaln the underlying geochemlcal
theory. -and the numerlcalﬂand computational methods by which the theory is
implemented in the codes.

The EQ3/6 codes were meroved wzth the addition of fixed fugaclty and precxpz-'

tation models. The first.allows modeling of the unsaturated (vadose) zone in
Yucca Mountain where the void spaces 1in the tuff contain significant amounts
of oxygen and carbon dioxide. The second allows modeling precipitation-growth

kinetiecs according to simple rate laws.. A graphlcs postprocessor was. devel- -

oped to allow the rapid graphic display of ion concentration versus reaction
progress or of any- of the other variables that can be. related to each other.
At the end of FY 1984, the EQ3/6 data base included many simple ions and most
of the common rock-forming minerals.

The waste-packaoe develop"ent task continued to cenmter on the design of a.

canister for use in the candidate tuff reposxtory horizon in the Yucca Moun-
tain unsaturated zone.  Task activities anluded characterlzlng the waste—
package environment, testing: various component materials, devising englneerlng
designs, - developing. performance evaluation models/computer codes, and

formulating waste-packagé-environment tests to be carried out in the NNWSI.

Exploratory Shaft.

Waste-package-environment characterization activities included: (1) tuff-water:

interaction tests at elevated temperatures to define the geochemical condi-

tions to be expecfed in the vicinity of waste packages during and after repos—.

itory -operations; (2) tasts to simulate  the dehydratlon/rehydratlon of tuff

subjected to a thermal field; and (3) the development of methods to analyzeh

the "stability of underground . openings in jointed rock, such as those that
would be created by drilling waste-package emplacement holes in a reposxtory.

A test method was deveIOped to allow anestlgatlon of ‘waste-form performance,

to be expected for a repository located in the vadose zone at Yucca Mountain.
A :one-year test: series was begun using this new test method. A series of

parametric tests were- carried out to study - the influence of a number of param-.

eters ‘on the radionuclide release rate from three different borosilicate glass
compositions. Also, -a cooperative program was initiated with the Savannah
River Laboratory.to investigate radionuclide release rates from (U.S. Depart-
ment of) Defanse hloh-level waste (DELW) under various conditions.

'Testlng of candxdate metalllc barrier materials to be used in waste-package
fabrication was continued with principal emphasis on austenitic stainless
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steels . and high-nickel stalnless alloys wunder 4appropriate.,conditions_ to ,

evaluate - corrosion. rates~ .and corrosion; attack: ,morphology. ‘Particular
attention was directed - toward localized . and’ stréss-assisted forms " of
corrosion. - Electrochemlcal polarlzatlon determlnatxons of the "localized

corrosion susceptibilities of the various stainless steels and alloys were
carried out. Effects of radiolysis products on steel corrosion were studied -
using electrochemical potential..measurements. Stress corrosion tests .were

Lnxtlated usxng the bent beam and slow. strain rate apparatus. " Evaluation of °
the corrosion performance of :carbon steels for potent1a1 use 1n fabrlcatan'
emplacement hole liners continued. T ] o
Revised conceptual designs were developed for spent fuel canisters using space
frames to immobilize the spent fuel rods. . Two-dimensional axisymmetric struc-.
tural analyses of waste-package conceptual’ deszgns ‘were undertaken to address
the response of these package designs to stresses 1mposed during ‘handling, -
emplacement, and possxble retrieval . operatlons. _Two~ and three-d1mensxonal
thermal analyses -were completed for wvarious conflguratlons ‘of Spent~fue1'
canisters for both the vertical "and horizontal emplacement Optlons. ~ 'The

effects of varylng such parameters as areal power loading and borehole spaclng

were studied in order to assure that the temperature. limit for spent fuel .
would not be exceeded. :

Some of the submodels of the waste-package system performance assessment code‘
were modified for use in.the Yucca Mountain vadose zome. . Work' was completed'
on the thermal and mechanxcal modules and -work on the- flow/transport ‘module =
was . begun.' Work was also ‘begun on the hydrothermal analys1s of the waste-
package. subsystem and emplacement env1ronment. -
Acqu131tzon of data from the. Spent Fuel Test--Cllmax underground test.aac111ty
was, terminated at the start of this fiscal year following®a _three-year period
of spent-fuel storage and a subsequent six-month period ‘of cooling the rock -
mass. Approximately 8.7 million points of temperature, ~displacement, and
change in stress data were- acquired. . Posttest calibrations.were obtained for
each of the nearly 1,000 geotechn1cal instruments deployed for the test.
While many. callbratxons’ utlllzed established technlques, it was necessary to

deve10p . new technxques, and apparatuses for’ others.;ﬂ‘ A m1cr0processor-;
controlled ca11bratlon device was_designed, fabrlcated and used to’ callbratef
borehole extensometers..¢ A ‘second devxce was’ deve10ped ‘and “deployed “to

evaluate the integrity of 'the’ "anchors’ and connectlng -rods” of these extens-_
ometers. Laboratory calibrations were "completed for those instruments whlch'
could not be callbrated 1n the fleld..

- % . L

-----

facxllty of the Spent Fuel Test—-Cllmax .was. undertaken to determxne the’ nature‘
and extent’ of changes in’ rock _properties’ that occurred as" a result of storlng
spent fuel in the’ granlte formatlon.i In sxtu stresses and deformatlon modu11
were measured within ~the heated - region® ‘as well as outward from the" test
facility. Core samples were obtained adjacent to ‘each ‘of ~the ~spent-fuel"
storage and electrical . simulator boreholes and at selected, auxlllary heater
boreholes.’ The mxneralogy .and petrology of these samples w111 be: compared w1th:
pretest samples to determine .the effects’ on the rock of heat alone or’ heat in
comblnatlon Vlth 1on121ng radlatlon.' '“A ‘ ) ) - '
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Analysxs and "documentation of the results of rock and personnel radiation

dosimetry at the Spent Fuel Test--Climax test facility were completed. Per=-

sonnel dose commitments were determined to be negligible. The test facility
continued to be malntalned and underground access was provided for’ pub11c
information purposes. .

Two field tests were completed in the G-Tunnel' underground rock machanics
facility on the NIS--a’ small-diameter heater test and a heated-block test.
Along ‘with providing “information about the large-scale thermomechanical-

response of fractured tuff, the results will be used to help evaluate

thermomechanical and hydrologic models.

In the small-diameter® heater test, the in situ degree of saturation and tem-
perature of welded tuff were monxtored with the heater in a horizontal orien-
tation. 'In the heated-block test, a two-meter-square block of tuff was loaded
biaxially with flat;acks and heated in three phases to 160°C. Load, displace-
ment, temperature, compressxon-wave velocity, fluid flow, and percent satura-
tion measurements were made.

PreViously collected field and laboratory data were evaluated and condensed

into a referenceable set of intact and rock mass thermal and mechanical
propertles for use in thermomechanical calculations. An experimental system
designed to measure permeablllty of intact, fractured specimens of tuff was
assembled and shakedown tests were run. Preliminary results’ have provided
information about the variation of pe'meablllty and fracture aperture as a
function of confznlng pressure and temperature. ' Advances in thermomechanical-
modellng using finite-element techniques have allowed for more accurate
estimates to be made for the lower bounds of the expected in situ stresses at
"Yucca Mountain. Preliminary verification and validation of a compllant—301nt-
material model were accomplished. Routine use of the model in the future
should improve calculation capabilities.

Exploratory boreholes were drilled on the east side of Yucca Mountain to
obtain subsurface information abecut six sites that were being considered for
the repository surface facilities. A reference site for conceptual des1gn was
chosen on the basis of its relative rank in regard to meeting various siting
critéria. In addxtxon, preliminary design concepts were deve10ped for both
the surface and “underground facilities. This work will continue and a
conceptual design report will be published.

Conceptual designs of equipment for underground operations were prepared.-

Speczflc designs completed were: (1) the drill and hole-liner imstallation
equxpment for long, horizontal emplacement holes; (2) the waste emplacement
equipment for horlzontal emplacement of spent-fuel and high-level waste cani-
sters; (3) the “exmplacement - equlpment for the vertical emplacement of spent-
fuel and high-level waste canisters; and (4) the waste handling equipment
system for contact-handled waste. '

The 24-month Dry Storage Fuel Inteorlty Demonstratlon Test belng conducted at
the E-MAD Fac;lxty contlnued.n This test, which utilizes a spent nuclear. fuel
assembly in a metal cask, simulates storage at high temperatures (27500) w1th

decreasing radioactive decay-heat levels. To monitor any incremental release
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of ‘fission product gases from suspected: defective rods in.the .fuel. assembly,”_
the atmosphere' of the test‘system was evacuated and'replaced with - fresh air
durlng monthly canlster gas sampllng Operatlons. L :

Four fuel assemblles were removed from thelr seal-welded canzsters and charac-
terized to verify their integrity following storage tests. The characteriza-
tion included a wvisual inspection, photographic documentation, videotaping,
and coantamination swipe sampling. The condition inside the storage canisters
was determined by evaluation of suspended particulates and internal surface
contamination levels and by measurements of the activity of any residue
remaining in the canister.

Material Interaction Test .capsules containing a number of mineral and rock
specimen experiments designed to reveal material compatibility, chemical
transformation, and changes in structural properties as well as temperature
profile instrumentation that measured actual maximum temperatures of the fuel
assemblies in storage were retrieved from the four Turkey Point pressurized
water reactor spent fuel ‘assemblies in which they had been installed at
Battelle-Columbus Laboratories prior to shipment of the fuel to the E-MAD
Facility at the NTS. The Material Interaction Test capsules were disassembled
and shipped, with the temperature-profile-capsule assemblies, to the Hanford
Engineering and Development Laboratory for analysis.

The first draft of the NNWSI System Description document was completed. The
document identifies the requirements that must be met by a radioactive-waste-
disposal system at Yucca Mountain. The draft includes the functions that must
be performed; identifies applicable requirements from 1legislation, regula-
tions, policy, and other sources; and links the applicable requirements to the
waste-disposal-system functious. . . '

Work on the NNWSI Tuff Data Base continued with the addition of data from
NNWSI field and laboratory experiments. The first phase of the user-friendly
interface was completed; this allows NNWSI Project participants to gain access
to the data base.

Work to evaluate the performance of the entire waste-disposal system con-
ceptualized for Yucca Mountain contributed to the development of -the
necessary modeling tools. A relatively simple code, SPARTAN, was modified and
used to perform preliminary performance assessments for the NNWSI
Environmental Assessment document and to perform the study on the relative
contributions of the engineered and natural systems at Yucca Mountain to long-
term radionuclide isolation from the accessible environment. A larger,
modular Total System Performance Assessment Code (TOSPAC) comntinued in
developument and was used in several code benchmarking exercises. The steady-
state hydrology module and its dynamic counterpart were completed.

Development of a two-dimensional, multiple-phase, porous-medium, hydrologic-
flow code, NORIA, was completed; NORIA was used in code benchmarking studies
and as an aid for developing a hydrothermal laboratory experiment. A user's
manual was completed for the code FEMIRAN, a saturated-unsaturated flow and
radionuclide transport code.
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Considerable effort-was expended to produce and revise the NNWSI Envirommental .

Assessment 'document and to produce supporting data and. reference reports. for

the document. Much effort also went. into providing information .for DOE.

national program documents including the Siting Guidelines, Mission Plan, and
Generic Requirements for a Mined Geologic Disposal System.
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Design Cost -Scoping  Studies, Nevada Test Site Terminal Waste Storage
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U.S. Department of Energy, Nevada Operations Office Report NV0-196-5;
July 31, 1978.

Monthly Technical Status Report. NTS Tarninal Waste Storags; Anonymous;
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Department of Energy, Nevada Operations Office Report NV0-199;
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(HLW) Log; Anonymous; Prepared by Westinghouse Electric Corporation;
U. S. Department of  Energy, Nevada  Operations Report  “V0-198
(Addendum A); May 1981.

Quarterly Report, January through March 1981, Nevada Nuclear Waste
Storage Investigations; Anonymous; U.S. Department of Energy, Nevada
Operations Office Report NVO0-196-25; June 1981.

Quarterly Report, April through June 1981, Nevada Nuclear Waste Storage

Investigations; Anonymous; U.S. Department of Energy, Nevada Operations
Office Report NVO-196-26; August 1981.
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‘Management and 0verv1ew Qua11ty Assurance Program Plan, Nevada ‘Nuclear

Waste Storage Investigations; Anonymous; Prepared by -Sandia 'National
Laboratories; U.S. Department of Energy, Nevada Operations Office Report
NV0-196-18 . (Rev. 1); October 1981. (Superseded by NVO-196- 18(Rev 2),
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Blb11ogranhx,of the Publlshed Reoorts, Papersj and Artlcles on the Nevada

Nuclear Waste Storage Investigatioms; J. J. . Lorenz - (Compzler),' u.S.

Department of Energy, Nevada Operatlons Office Report NVO-196-24

-(Rev. 1); November 1981. (Superseded by NVO-196-24 (Rev.AZ) July 1982 )

Quarterly . Report, July - through September 1981 Nevada- Nuclear Waste

Storage Investigations; Anonymous; U.S. Department of Energy, Nevada

Operatlons Office Report NV0O-196-28; December 1981.

AAnnotated Blb11ooranhv for Blolozlc Overview -for- the. Nevada Nuclear Waste -

Storage Investigations, Nevada Test Site, Nve Countv, Nevada; E. Colllns,

T. P. O'Farrell, and W. A. Rhoads; Prepared for "the U.S. Department of
Energy by EG&G, Inc., EG&G Report EG&G 1183-2419, December 1981.

Survev of Yucca HountalanForty M11e Canyon. and Jackass Flats in Nze_

County, Nevada, for Desert Tortoise, Gopherus agassizii; P.  A.  Medica,

T. P. O'Farrell, and E. Collins; Prepared for the U. S. Department of
Energy by EG&G, Inc.; EG&G Report EG&G 1183-2483; 1981, T

Blolozlc 0verv1ew for the Nevada Nuclear Waste Storage Investlgatlons,’

W. A Rhoads; Prepared . by EG&G, Inc.,‘ EG&G Report EG&G'1;83j2460;

January 1982.

Quarterly - Report. October ‘' through December ' 1981, .Nevada  Nuclear '’ Waste

. IS [ . - g
PRI -1-‘*(r. ;

Quarterly Report, January throug;, March 1982, Nevada Nuclear Waste

. .Storage ‘Investigations;~ Anonymous; - U.S. - Department of Energy, Névada

Operatlons Office Report. NVO~196-30, June 1982.

Blbllogganhy of the Publlshed ReportsifPaners, and Artlcles ‘on "the Nevada

Nuclear Waste Storage Investigations; “J. J. "Lorenz' (Compiler); U.S.

. Department.. of Energy,  Nevada Operations . Office  Report NV0-196-24
i(Rev. 2) July 1982. (Superseded by NVO—196-24 (Rev. 3) Apr11 1983 ) '

-Summarv and’ Coac1u81ons of the NNWSI Area—to-Locat1on Screenznz Act1v1ty

(SAND 82-0650); S. Sinnock and "J.” A.. Fernandez; Prepared for the -NNWSI
Site Evaluation Working Group ' 'by ~Sandia® National Laboratories; - U.S.
Department of Energy, Nevada. Operations Office Report NV0-247; August
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Quarterly'Report, April through June 1982, Nevada Nuclear Waste Storage
Investigzations; Anonymous; U.S. Department of Energy, Nevada Operations
Office Report. "0-196-31 September 1982. -

Qverview of Eﬁerzy and Minéral Resources for the Nevada Nuclear Waste
Storage Investigations, Nevada Test Site, Nye County, Nevada; E. J. Bell
and L. T. Larson; Prepared by subcontractors of Sandia National
Laboratories; U.S. Department of Energy, Nevada Operations Office Report
NVO-250; September 1982. '

‘Annotated Bibliography: Overview of Enerzv and Mineral Resources for the

Nevada Nuclear Waste Storage Investigations, Nevada Test Site, ve
County, Nevada; E. J. Bell and L. T. Larson; Prepared by subcontractors
of Sandia National Laboratories; U.S. Department of Energy, Nevada
Operatlons ‘Office. Report NVO-251; September 1982, ‘

Nevada Nuclear Waste Storage Investigation Prolect Overview; D. L. Vieth;
Proceedings of the National Waste Terminal Storage Meeting in Las Vegas,
Nevada, December 14, 1982, u.s. Department of Energy Report DOE/NWIS-30;
December 1982. .

1982 Biotic Survey of Yucca Mountain. Nevada Test Site, Nve Countv,
Nevada; T. P. O'Farrell and E. Collins; Prepared by EG&G, Inc.; EG&G
Report EGS&G 10282-2004; February 1983. .

Surveys for Desert Tortoise on the Proposed Site of a High-Level Nuclear

-Waste Repository at the Nevada Test Site; E. Collins, M. L. Sauls, and
.T. P. O'Farrell; - Prepared by EG&G, Inc; Proceedings of the . Desert

Tortoise Council Sympos1um, Lake. Havasu, Arizona, March 26, 1983;
CONF-830329,° March 1983. .

 Nevada Nuclear Waste Storage Investigations: Briefing Book; Anonymous;
~U.S. Department of Energy, Nevada Operations Office public information

document; March 1983. (Superseded by An Introduction: Nevada Nuclear
Wasta Storage Investigations, A U.S. DOE Project; July 1984.) :

-Bibliograohy of the- Published Reports, Papers, and Articles on the Nevada

.Tuclear Waste ~Storage ~Investigations; J. J. Lorenz.- (Compiler); U.S.

Department of Energy, Nevada Operations Office Report NV0-196-24
(Rev. 3); April 1983. (Superseded by NV0-196-24 (Rev. 4); May 1984.)

Nevada Nuclear Waste Séorage Inves:igatiens Site Characterization Activi-
ties: Atmospheric Aspects .for Environmental Assessment of Exploratory
Shaft; J. L. Bowen and R. T. Egami; Prepared by the Desert Research

~Institute of the University of Nevada System; U.S. Department of Energy,
- Nevada’ 0perat1ons Office Report NVO-257 May 1983.

'Nevada Nuclear Waste~ Storage Invest1gat1ons Site Characterization

Activities: Preliminary Atmospheric Assegsment of Nuclear Waste

.Repository; J. L. Bowen and R. T. Egami; Prepared by the Desert Research
- Institute of the Uhlvers1ty of Nevada System; U.S. Department of Ernergy,
- Nevada Operations Office Report NV0-258; May 1983. '
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~-FY 1981 Project Plan and FY 1982 Forecast, Nevada™ Nuclear Waste Storage
Investigations; -Anonymous;- U.S. Department of Energy, .Nevada Operatlons
Offlce Report NVO-196-36 Aprll 1981 Issued.‘ August 1983." ~ -

FY 1982 Project Plan, Nevada Nuclear Waste Storage« Investlgatlons,
Anonymous; U.S. Department of Energy, Nevada Operatlons 0ff1ce Report
NVO-196-37 Apr11 1982 Issued August 1983._~';f- : .
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Storage Investigations; Anonymous; U.S. Department of Energy, Nevada
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Proiject Man;gement Plan for Exnloratory Shaft at Yucca Mountaln, Nevada
Nuclear Waste Storage Investigations; Anonymous; U.S. Department of
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U
-Quarterly” Reoort.' October through December 1982, Nevada Nuclear Waste
"Storage Investigations; Anonymous; U.S. Department - of - Energy, -Nevada
Operations Office Report NV0O-196-33; August.1983. - . St
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Englneerlnz Test Plan for Fleld Rad1onuc11de ‘M1gratlon. Exp;rlments in
*Climax Granite: - ' ‘Peer ' Review :Documentation; ‘: Anonymous; | Prepared ' by
Science Applications, Inc.; U.S. Department of Energy, Nevada :Operations
Offlce Report NVO-265 November 1983.

Cultural ResourceS' Overv1ew for *the Nevada Nuclear -Waste - Storage
Investigations, Nevada Test Site, 'Nve County, Nevada; L. C.:Pippin and
D.' L. Zerga; ‘Prepared by .the- Desert Research -Institute of the University
. of Nevada System, U.s. Department of Energy, Nevada Operations Office
Report NVO-266 November 1983. A ._4,:gﬂzf ol R ‘
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An Annotated Blb11ographv of Cultural Resources L1terature for the Nevada
Nuclear Waste Storage Investigations; L. C. Pippin and D. L. Zerga;

Prepared .by. the Desert=™ Research Institute 'of: the -University : of . Nevada : -

_System; U.S. Department:. of: Energy, Nevada 'Operatlons Offzce- Report
NVO-267, November 1983. S : 4,-_.'h SR TR S

Annotated Bxbllog-aphx_for Atmospherlc Overvxew for the Nevada Nuclear
Waste Storage Investigations, Nevada Test Site, Nye " County, -:Nevadaj
J. L. Bowen and R. T. Egami; Prepared by the Desert Research Institute
of the University of Nevada System; U.S. Department of Energy, Nevada
Operations Office Report NV0-268; November 1983. '
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NVO-269 November 1983.ﬁ

Atmospheric Overview for:the Nevada Nuclear Waste .Storage Investigations,
Nevada "Test - Site, Nye County, Nevada; J. L. Bowen and 'R. Ti Egamij;
Prepared by the Desert :Research Institute of the University of Nevada
System; U.S. Department of Energy, Nevada Operations Office Report

Quarterly Reoort, Aorxl through June 1983 Nevada Nuclear Waste Storage .
Investigations; Anon]mous, U.S. Department of Energy, Nevada Operations
Office Report NVO-196-38 December 1983.

A Peer Rev1ew of the.ANevada Nuclear WaséemiStorage. Investigations
August 24-28 1981; Anonymous; U.S. Department of Energy, Nevada
Operatlons Office Report NVO-196—27 February 1984.,

Construction Features of the Exploratory. Shaft ‘at Yucca Mountain; G. W.
Adair and J. N. Fiore; Prepared jointly by Reynolds Electrical and Engin-
eering = Company, Inc., 4and: the U.S. Department of  Energy, WNevada
Operations Office; Presented at the 1984 Annual Waste Management
Conference in Tucson, Arizona, March 13, 19843 March 1984.

1983 Biotie Survey of Yucca Mountain., Nevada Test Site, Nye County,
Nevada; T. P. O'Farrell. and E. Collins; Prepared by EG&G, Inc.; EG&G
Report EGG-10282-2031; April 1984.. :

. BEwvaluation of: Habitat Restoration Needs at Yucca Mountain, Nevada Test

Site. “ye County, Nevada; D. L. -Mitchell; Prepared by EG&G, Inc.; EG&G

‘Energy Measurements:Report EGG 10282~2030 S~-763-R; April 1984%.

Quality Assurance Plan, Nevada Nuclear Waste Storage Investloatlons,
Anonymous; U.S. '~ Department of Energy, Nevada Operations Office Report
NV0-196-17 (Rev.2); April 1984, (Superseded by. NVO-196-17 (Rev. 3);
November 1984.) -

Bibliogranhy of the Published Revorts, Papers, and Articles on the Nevada
Nuclear Waste Storaze 'Investigations; J. J. Lorenz (Compiler); U.S.
Department of Energy, Nevada Operations Office Report NV0-196-24
(Rev. 4); May 1984. (Superseded by NVO~196—24’(RevJ 5)' January 1985.)

Land Use and Wxthdrawal Actlons Necessary for and in’ Supoort of the NNWSI

. Project; R. H. Richards and D. L. Vieth; U.S. Department of Energy Report
NVO-281; June 1984.

Hydrology and  Water Resocurces Overview - for the. Nevada Nuclear . Waste
Storage Investigations, Nevada Test Site, Nve County, Nevada: Annotated
Bibliograohv; R. H. French, A. Elzeftawy, and B. Elliott; Prepared by the
Desert Research Institute of the University of Nevada System; U.S.

‘Department of Energy, Nevada 0perat1ons Office Report NV0-283; June 1981;
- Issued: June 1984,

38



A78

A79

ASO

A81

AB2

A83

AB4

A85

A86

Hydrology and Water Resources Overview for the Nevada Nuclear Waste

Storage Investigations, --Nevada- Test Site,: -Nye -County Nevada; .~R. H.-

_French, A. Elzeftawy,.J. Bird, and B. -Elliott;:.-Prepared by the Desert
Research Institute of the University of Nevada System, U.S. Department of
Energy, Nevada Operatzons Office Report NVO-284; June 1981; Issued: June
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“An Introductlon. Nevada Nuclear Waste Storag;ﬁInvestxgatlons, A U S DOE

Project; Anonymous; U.S. Department of Energy, Nevada- Operatlons Offlce
Public Information Document; July 1984.

High;ﬂeveltNueleer"Waste'Tréﬁsportrénd:StdrégerAesessﬁeﬁtvoftPotehEialf!

SAIC/84/7603 (DOE/NV/lOZ?O-l), October 198&.

Impacts ‘on Tourism in the Las ‘Vegas . Area: ‘Interim 'Progress ' Report;
Anonymous; Science Applications ~ International - Corporation- -Report

........

'Tectonlc Stablllty and Exnected Ground Hotlon at Yucca' Mountaln. Report

of a Workshop at SAIC-La Jolla, August 7-8, 19843 - Anonymous; Science
Applications International Corporation Report SAIC/84/1847
(DOE/NV/10270-2); October 1984.

Quality Assurance Plan, Nevada WNuclear Waste Storage Investigations;
Anonymous; Prepared by Science Applications International Corporation;
U.S. Department of Energy, Nevada Operations Office Report NV0-196-17
(Rev. 3); November 1984.

Waste Management Project Office, Quality Assurance Program Plan;

Anonymous; Prepared by Science Applications International Corporation;
U.S. Department of Energy, Nevada Operations Office Report NVO-196-18
(Rev. 2); December 1984. '

Draft Environmental Assessment, Yucca Mountain Site, Nevada Research and
Development Area, Nevada; Anonymous; Prepared by the U.S. Department of
Energy and NNWSI Project participants from Sandia National Laboratories,
Los Alamos National Laboratory, Lawrence Livermore National Laboratory,
the U.S. Geological Survey, and Science Applications International
Corporation; U.S. Department of Energy Report DOE/RW-0012; December 1984.
(A Draft Enviroumental Assessment Overview with the same report number
and date is also available.)

:

Quarterly Report, July-September 1983, Nevada Nuclear Waste Storage

. Investigations; Anonymous; Prepared by Science Applications International

Corporation; U.S. Department of Energy, Nevada Operations Office Report
NVO-196-40, December 1984.

Quarterly Report. October-December 1983, Nevada Nuclear Waste Storage
Investigations; Anonymous; Prepared by Science Applications International
Corporation; U.S. Department of Energy, Nevada Operations Office Report
NVO-196-42, January 1985.
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3iblioéraphy.ofjfhé,Ptbliéhed Reports, Papers, and Articles on the Nevada

Nuclear Waste  Storage Investigations; J. J. Lorenz (Compiler); 'U.S.

Department of. Energy, Nevada Operations Office Report NVO-196-24

. (Rew. 5); January 1985.

Project Plan: Nevada -Nuclear Waste Storage Investigations Project;

Anonymous; Prepared by Science Applxcatlons International Corporation;

" U.S. Department of Energy, Nevada Operatlons Off1ce Report NV0-196-41; In

preparation.

Test Plan for Exploratory Shaft and At-Depth Testing in Tuff; C. W.

Myers; Prepared by Los Alamos National Laboratory, U.S. Department of

' Energy, Nevada Operations-Office Report NVO0-244; In preparationm.

Quality Assurance Program Plan for the Exploratory Shaft at Yucca

Mountain; Anonymous; U.S. Department of Energy, Nevada Operations Office

Report NVO-196-35; In preparation.
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Ano11cab111tv of Microautoradiography to Sorption Studiesj J. L. Thompson
and K. Wolfsberg;: Los Alamos Sc1ent1f1c Laboratory Report LA—7609-MS,
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‘Research ~and . Development. Relatéd to -the - NTS 'Terminal -Waste Storage
‘Project, October "l-December: 31, : 1978; - . K. . Wolfsberg'" (Compzler),r Los
Alamos Sc1ent1f1c Laboratory Report LA-7647-PR, 1979.w-;.

Research and Develooment Related to the Nevada Nuclear Waste Storage
Investications, January 1-March 31. 1979; . ‘M. - Crowe - (Compiler); Los
Alamos Sclentlflc Laboratory Report LA—7900-PR, 1979.
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Research and DeveIOpment ‘Related » ‘EB the Nevada Nuclear Waste Storage
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Sclentlflc Laboratory Report LA-7974-PR, 1979.
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" Mountain,: Nevadaj; 'M.: L.” Sykes, G. H. Heiken, - and J. R.- Smyth, -Los Alamos
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41



Bll

B12

B13

Bl4

B15

Bi6

Bl7

B18

B19

Research and Develooment Related to the Nevada Nuclear Waste Storage

" Investigations, July l-September 30, 1979; B. M. Crowe (Editor); Los

Alamos. Scientific Laboratory Report LA-8152-PR; 1979.
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W.- R. "~ Daniels, - D. C.~' Hoffman, F. O. Lawrence, ' and ' K. Wolfsberg;
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