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Abstract

This repont presents o strategy for sealing exploratory borcholes associated with the Yueea Mountain Site
Characterization Project, Over SO0 existing and proposed boreholes have been considered in the development of this
strategy. ranging from shallow (penctrating into alluvium only) to deep (penetrating into the groundwiter table).
Amung the comprehensive list of recommendations are the following:  Those borcholes within the potential
reposttory boundary and penetrating through the potential repository horizon are the most significant borcholes from
o pedormance standpaint and should be seaded. Shatlow boreholes are comparatively insignificant and sequire only
nominal sealing. The primary areas in which to place seals are away from high-temperature zones at a distance from
the patential repository horizon in the Paintbrush nonwelded tuff and the upper portion of the Topopah Spring
Member and in the titaceous beds of the Calico Hills Unit. Seals should be placed prior to waste emplacement.

Performance goals for borchole seals both above and below the potential repository are proposed.  Detailed
construction infonmation on the boreholes that could be used for future design specifications is provided along with
wdeseription of the environmental setting, i.c., the geology. hydrology. and the in sits and thermal stress states. A
horehale classification scheme based on the condition of the borehole wall in different twffaceous units is also
proposed. In addition, caleulations are presented to assess the m,mﬁc'\nc; of the borcholes acting as preferential
pathways for the release of radionuclides,

Design calenlations are presented to answer the coneerns of when, where, and how to seal. As part of the strategy
development, available technologies to seal cxplnnmr) boreholes (including casing removal, borchole wall
reconditioning, and seal emplacement) are reviewed. 1t is recommended that the surface-based site characterization
progrun maintiin exploration borcholes with casing so that seals can be placed at selected sealing locations, that
grout not be introduced at sealing locations, and that work plans for drilling additional boreholes be developed that
address sealing issues. Borehole-specific sealing plans should also be developed.
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Executive Summary

This report presents a strategy for scaling boreholes to satisfy seal performance requirements for
the Yucea Mountain Site Characterization Project. Inherent in this strategy are answers to the
following concerns: where to seal, relative to the potential repository and geologic setting: how:
to seal, relative to selection of seal materials, geometry, and placement methods: and when to scal
during the stages of potential repository operation. The strategy for scaling boreholes addresses
performance requirements given in 10 CFR 60 (1986) and presented in Issue 1.12 and the
availability of technologics to place borehole seals as discussed in Issue 4.4 (DOE, 1988). This
strategy also includes an evaluation of the performance of the sealing system. Because
performance reliability is critical to the strategy. reducing the likelihood of degradation and
selecting measures to avoid deleterious events are both addressed through performance and design
citleulations,

The stratepy is intended to provide guidance for those acquiring site information from the
surface-based program (Fipure ES-1).  This report is consistent with iteriative performance
assessment and ties sealing design concepts with site-specific features.  The borehaole sealing
concepts are flexible in that they may be modified if the assumptions made about the rock
properties change as a result of site characterization efforts, if additional scenarios for seal
degradation are defined. or if changes in potential repository or waste package design occur. The
strategy also provides recommendations to the surface-based testing program in maintaining
aceess to boreholes, grouting in seal zones. preparing borchole sealing plans, and evaluating the
risks of abandoning boreholes.

Borehole Performance Goals and Performance. In previous studies (Fernandez et al.,
1987). the regulations for borchole-seal performance (10 CFR 6(.134) require that "borcholes
shall be designed so that following closure they do not become pathways that compromise the
geologic potential repository’s ability to meet the performance objectives.” The position adopted
was that the restriction of vertical flow through the boreholes to only 1 percent of the potential
for vertical flow through the rock mass satisfies this requirement. For both boreholes and rock
mass, the effective hydraulic gradient was assumed to be 1 for the condition of vertical
infiltration under atmospheric pressure.  Considering the area within the potential repository
perimeter, the potential vertical flux through the rock mass was the effective hydraulic
conductivity of the rock units between the potential repository and the water table times the floor
area of the potential repository drifts. or more conservatively, the total area within the potential
repository.  The potential flow through boreholes was the sum of the cross-sectional areas of the
boreholes within the potential repository area times the effective hydraulic conductivity of the
seal material (including the effect of the seal host-rock interface). Considering a range of rock-
mass hydraulic conductivities, selecting a low value of rock-mass conductivity results in a low
required hydraulic conductivity for the seal material.

Xiv

Srad, s

P
T

S icn
AT S ¥




Establish !
Borehole :
Performance |: .
Goals . o C o o

rh e . l e s diasey ook

Develop ' -
Performance
Scenarios <

[ . Characterize

Classify Boreholes |: Geologic

as to Significance "~ and

& Identify Sealing : Hydrogeologic
Locations . > Environment

l R of the Site

Characterize
Geologic Properties
& Hydrogeology of
Sealing Locations

[

S gy Sy A S A g

Gemre e I < e e s ¥ 3 ,.--.--.-I,‘n-a-ya-'..-w...—.

Characterize | < Design !
Thermal ‘Repositoryand |
Environmentof |- Waste Package |}
Sealing Locations |- System "

Y

Perform Detailed
Performance and
Design Evaluations

for Seals ! e

Figure ES-1 ﬁ o
Development of Borehole Sealing Strategy 2

XV,




The current strategy recognizes that groundwater flow to the accessible environment below the
potential repository is the main concemn in scaling borcholes.: Several scenarios exist for water
Now towards or away from the potential repository that allows boreholes to become preferential
pathways. potentially compromising the ability - of ‘the geologic disposal system to meet
performance requirements.  These water-flow scenarios could affect the significance of the
borcholes within and near the boundary of the poténtihl repository.  These scenarios include:

+ Inundation of u potential repository drift under unanticipated conditions. resulting
in lateral spreading from the edge of the drift (Figure 2-2)

+ Flooding events near alluvial recharge areas, resulting in a saturation front moving
downward, potential perching of water, and potential enhancement of flooding at
the Tiva Canyon contact (Figure 2-3).

For a drift inundated with water, a saturated flow plume would develop downward to the
proundwater table. A deep borehole (e.p.. UE-25a #7) intersecting such a plume represents a
preferential pathway for the flow of water to the accessible environment.  While several
low-angled fracture sets exist, the fracture systems in the welded tuff are dominantly vertical, and
there is only o small tendency for Lateral flow from the jotential repository horizon.

Surface tlooding and the development of perched water could compromise the ability of the
geologic potential repository to meet performance objectives following closure. The alluvium
could become saturated and recharge the borehole, resulting in perched water. The potential for
flooding ot borehole locations depends on the size of the drainage basin, topographic features of
the drainage basin, stream characteristics, and the presence of alluvium that could recharge the
borehole. Existing and proposed boreholes within or near the potential repository periphery could
be subject to flooding. With several exceptions, the proposed boreholes are to be located outside
of flood-prone arcas and are less subject to flooding.

Additional concerns have cvolved regarding the potential for preferential flov of gascous
radionuclides, due to convective airflow out of the potential repository to the ground surface.
Scals might degrade due to advaise loading and therefore not meet the basic hydiologic and
airflow performance objectives.  These converns have evolved from a literature review of
previous performance tests of potential repository seals, which is a basic objective of ine current
design investigations: from technical issues raised by the NRC: and from the need t provide
additional scal-design requirements for backfill to augment the basic isolation characteristics of
the unsaturated zone at Yucea Mountain,  These concerns address sealing boreholes trom the
potential repository horizon to the ground surface, within the potential repository, or immediately
outside the potential repository area. The performance goal adopted restricts airflow through the
borchole scals to | percent of the total flow through the rock.

After radioactive waste is emplaced in the repository. convective air transport will develop
through shafts, ramps, and bareholes accessing the potential repository. Convective airflow will
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also develop through the rock and other geologic features.  As flow is drawn upwards from
cooler regions surrounding the potential repository, lateral spreading can occur (Figure 2-5).
Lateral spreading depends upon advection or airflow and dispersion that, in tumn, depend on
molecutar diffusion and dispersivity. For borcholes near the edge of the potential repository,
flow upward to the atmosphere could oceur (dcpcndmg. upon thc dcpth of the borehole) through
rock and then through the borchole.

Airflow may also be affected by contrast in permeabilities, which could force air to migrate
laterally. The Paintbrush nonwelded tuff formation possesses relatively fewer fractures and lower
conductivity than the underlying Topopah Spring Formation.  Flow could exit in Solitario
Canyon, and boreholes to the west of the potential repository could be affected. To the cast of
the potential repository, the convective cell formation would be contained in the welded unit until
a cooler region is reached and air is drawn back towards the potential repository.,

The consideration of the regulatory criteria for preferred pathways and the air and water and flow
seenarios suggest thiat boreholes could be categorized according to temperature (inside versus
outside the potential repository), borehole depth, and the potential for flooding. The established
criteria are as follows:

« Plan Location—--Air Flow-—The borehole is located within or immediately outside
the potential repository periphery. Boreholes within the extended boundary of the
potential repository” are subject to convective airflow,

« Depth-—Air Flow and Water Flow—The depth of the borchole determines whether
airflow above the potential repository occurs predominantly through rock and then
through the barehole or through just the borehole and associated backfill and scals,
For deep boreholes, a preferential pathway could exist for water flow from the
potential repository horizon to the groundwater table.

« Plan Location—Water Flow—The location of the borehole with respect to flood-
prone areas,

Chapter 2.0 presents a categorization of the eaploratory boreholes bused upon the above criteria
for properties of boreholes. The following observations are made:

¢+ The water-flow enhancement for deep boreholes under perched water conditions is
a far more significant condition than for shallow borcholes. since flow is
- . o 4 . 2
proportional to standing water columns within the borehole.*

Mhe extended boundasy of the potential repository includes boreholes immediately outside of the potential
repository that might he subject to advection/dispersion,

‘o " . . . . .

“The evithiation assumes & worst-case scenario that a standing water column develops within the borehole. The
deselopment of a standing water column depends on the amount of water rechitrged 1o the borchote and the
amount dissipated 1o surrounding formations, : .
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 The airflow through deep borcholcq pcnctr:mng the potential rcpomory is far more -

significant than for shallow borcholes, since airflow through a hole is resisted
principally by flow through the web of rock below the borehole. Shallow borcholes
not penctrating the Tiva C.myon Mcmbcr are mcon\nqucmml and need not be
sealed. D . :

+ Stratigraphic contacts may direct p'créhc'd water to travel laterally primarily to the
cast of the potential repository. A seal placed at the stratigraphic contact reduces
the potential for the borehole becoming a preferential pathway.

For deep borcholes outside the potential repository perimeter, sealing is not necessary in the
upper zone, while sealing could be required in the lower zone extending to the east of the
potential repository. - Away from the potential repository, the upper seal zone is not necessary
to prevent surface inundation, and reduce contaminated airflow.  This is because the surface
plume does not intersect the potential repository, and air would be drawn into the ground in
cooler regions. Yet the lower seal may be required, if perched water occurs on contact zones that
tend to mave laterally to the cast. This water could become a preferential puthway through deep
boreholes,

The above evaluations establish the need for sealing above and below the potential repository.
The following discusses borehole wall conditions for selecting sealing locations within o
borchole,

In selecting scaling locations above and below the potential repository, it was found that the
condition of the borchole wall depends on the degree of welding, the lithophysae content. the
extent of clay and zeolitic mineral development. and the degree of fracturing in response to
borehole drilling. A classification scheme was developed, and borchole video logs were reviewed
as a direct means of assessing borehole wall condition. The categories included Category C1 for
an excellent hole with no or few lithophysae: Category C2 for a good hole with a slight degree
of hole enlargement and lithophysae present and frequent fractures: Category C3 with a rough
surface, and hole enlargement: and Category C4 with nonsymmetrical hole enlargement, large
lithophysae, and pronounced fractures.

¢ A high percentage of Categories C3 aﬁd C4 occur in the densely welded., devitrified
tff in the Tiva Canyon and Topopah Spring Units.

Category C1 occurs in the Paintbrush nonwelded tuff,
« Categories Cl and €2 oceur in the upper portion of Topopah Spring Unit.

o Categories Cl and C2 occur in the nonwelded vitric and zcolitic pom(m\ of the
Calico Hills Unit,
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This evaluation suggests placement of key scals in the Paintbrush nonwelded tuffs, in the upper
portion of the Topopah Spring Unit, and in the nonwelded vitric and zeolitic portions of the
Calico Hi'ls Unit. While borchole classifications show more favorable conditions in the
nonwelded tuffs that are relatively free of fractures, the assessed rock-mass strength for
nonwelded tuff is somewhat lower. due to the contrast in ‘unconfined compressive strength
between the welded and nonwelded tuffs (150 versus 15 MPa).  The rock-mass strength s
important. because higher strength gives greater confidence in the mechanical stability of the
boreholes. Nevertheless, the varying conditions suggest that sealing locations with higher rock-
mass quality in welded and nonwelded units that are not intensely fractured can be selected.

Following development of the strategy. the performance scenarios are evaluated in detail in
Chapter 4.0 for the following:

« Airdispersion of radionuclides through fractured rock above the potential repository
and into a borehole

+ Convective air transport of radionuclides through rock above the potential repository
and into a borchole '

o Water transport of radionuclides from a flooded perimeter drift at the potential
repository horizon through fractured rock beneath the potential repository into a
borehole above the groundwater table

Transport of water from a flooded borehole, within a potentially flooded area. to the
potential repository horizon.

The results reached from the detailed eviluation of these scenarios are summarized below:

« Significant lateral dispersion of air above the potential repository, assuming the
more conservative case of isotropic rock conditions, is limited to approximately
600 m from the edge of the potential repository (see Figure 4-7).

« Significant lateral dispersion of air above the potential repository, assuming the
orientation and strike of the fracture system, is probably more restricted on the cast
and west sides of the potential repository than on the north and south (sce
Figure 4-7), ‘

» Considering convective air transport, Lu et al. (1991) showed that where the
permeability of the nonwelded Paintbrush tuff was low relative to the welded tuff,
lateral dispersion under the nonwelded unit was greater. 1t was also shown that
radionuclides could also be released to the west of where the bedded tuffs outerop
on the west side of Yucca Mountain,

Xix




o If the perimeter drift were fully saturatcd water transport from thc perimeter drift
to the groundwater table is c\nm.xtcd .n 2 maximum vector of ’%() dq.rccs from
vertical. - : _

« From calculations estimating the flood heights for the PMF, about 30 shallow and
deep borcholes may be subject to flooding.  Most of these barcholes are collared
in alluvium.  Of the boreholes subject 1o flooding, about 14 deep boreholes
penetrate to below the Tiva Canyon member.  Three boreholes penetrate through
the Tiva Canyon and the Paintbrush nonwelded tuff into the Topopah Spring
Member, The remaining deeper holes (for example, USW WT-2, USW G-d, USW
H-4, and USW G-1) penctrate through the potential repository horizon,  If these
holes are not sealed. the deep boreholes are far more significant in enhancing flow
to the underground by 1 to 2 orders of magnitude, :

Summary conclusions of "where,” "when.” and "how" to seal are presented below.,

Where to Seal. ‘The two most significant issues addressed are the characteristics of the host
formation and the anticipated in situ and thermal stress environment at these prospective sealing
locations as discussed above. The recommendations for where to seal are as follows:

. Place scals in competent zones to eliminate the effects of surficial crosion.

. Place scals in zones that are free of fractures or in zones having few fractures
(i.c.. above and below the potential repository horizon).  The results of the
current borehole wall classification show that the bedded. nonwelded tuffs above
the potential repository horizon and the Calico Hills Unit below the potential
repository horizon represent the best sealing locations. In welded taff, the less
densely welded upper portion of the Topopih Spring Unit presents an optimum
scaling location.  The stiffer units arc more desirable from the standpoint of
developing interface stress,

. For borcholes upgradient of the potential repository or within the elevated
temperature zone outside the potential repository perimeter that penctrate to the
potential repository  horizon, place seals in the upper contact zones in the
Paintbrush or alternatively in the Topopah Spring Formation to restrict airflow
to | percent of the total that would oceur through the rock, It is conservatively
assumed that the potential exists for perched water conditions at these borehole
locations and that the seals at these upper contact zones would prevent saturation
of seals below the potcntial repository horizon,

. Temperature effects are far more significant near the putcmml rcpusuury horizon
and suggest seal emplacement away from the potential rcpmltory horizon.

. Place scals in the upper portion of the Topopah Spring Unil to the west of the
potential repository, as the potential exists for convective airflow to break out at
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the ground surface in Som.mo Canyon. ln othcr dm'cnon\ fmm thc pmcml.\l ,

repository, the results of the mr-dlspcrsmn calculations suggest boreholes within
a divtance of G(X) m may represent: prcfcrcntlal pathways for the release of
gaseu.. s radionuclides,

When to Seal. Prior to sealing, the borehole casing would be removed and an open borchole
wall would be exposed at the sealing location,  Elevated temperature in the potential repository
could collapse the casing, resulting in no access .td the seal location as a result of borehole
decrepitation.  The “when” to seal issue is addrcsﬁcd by a corrosion assesstnent and stress
analysis of an open borchole, which will evaluate potential corrosion effects on borchole casing
and the stability of open borcholes prior to sealing.  This evaluation will consider the effects of
clevated temperature on casing and area borehole wall stability if sealing occurred 60 years after
winnte emplacement. As of now, no site-specific data are available for the corrosion of carbon-
steel casing at the Yuceea Mountiain site,

Considering casing configurations, deep casings. such as those used in the grouting of UE-25a #1,
oceurred over short distances, and the casings were freestanding over much of their iength.
Shallow casings grouted to a depth of 100 to 200 ft, such as those used in UE-25u4 #5, could be
subject to long-cell action.  In deeper zones, the state of in situ stress is higher, and rock mass
strength s lower (e.g., the Calico Hills).  In other areas, rock mass quality is lower in more
highly fractured tuff, l'hc possibility then exists for collapse of the borehole against the casing,
exposing steel to the host formation. Here, the range of saturation is 46 to 84 percent for welded
tuft and 46 to 76 percent for nonwelded tuff (DOE, 1992), suggesting long-cell action. The low
conductivity of both welded and nonwelded tuff suggests that local-cell action would be
insignificant.  Corrosion might be higher in these areas, because of the synergistic effects of
contact with the host rock and stresses within the casing: however, these zones are expected to
he isolated. reducing the potential for long-cell action, and the actual corrosion rates will
probably be the same as those for carbon steel exposed to air and (possibly) a humid
environment,

The Kirsch solution (Goodman, 1980) was used to evaluate stress concentration effects for open
boreholes and boreholes penetrating near the roof, sidewall, and floor of a drift at the potential
repository eavavation,  The proximity of these locations, combined with stress-concentration
effects, suggest that the development of shear stress of 10 to 20 MPa under some confinement
may occur and that the potential exists for localized rock-mass failure.  Also, clevated
temperatures at the lower seal location would occur due to the proximity of the potential
repository horizon to this location.  The upper seal location would be affected much less
significantly. '

In conclusion, seals should be emplaced prior to waste emplacement wnhm thc pmcnml
repository boundary for the following reasons:
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. To avmd the potcmnal dcvclopmcnt of. hn;,h boundarv strcsscs dunng potcnu.ll‘ ‘
_ rcpomor) hcatmg in an opcn borcholc Ty SRR

. To prcvcnt mllapsc of thc casmg. which would hmn aucss lo <clcctcd ccalmg-'
locations O oy , . :

s+ To prcvcnt accelerated corrosion of c.:mng. duc to collapcc of thc formanon around
- the casing (which would result in higher corrosion rates than those for atmosphcm
corrosion) and due to potcntlal syncrgmlc cffccm bctwccn stress and corrosion.
A separation distance of at least 15 m (ch'mdcz P al.. 1987) from the potcmml rcpomory dnf ts
should be maintained to eliminate stress mmcntmtlon cffcct\. 3
How to Seal. Two basic arcas are con\'idcrcd (I) rcv.ommcndcd design rcqmrcmcms for
borchole seals for air and water flow and (2) identification of sealing strategies th.xt can be used
to mitigate scal degradation. Both are discussed bclow

Scals should be emplaced at key locations to reduce thc pbtcntia_l for airflow out of the potential
repository, to reduce the potential for water flow out of or into the potential repository., to resist
loads, and to provide strength. The analyses done for this report suggest that the best and most
cffective seals should couple structural performance ‘with hydrologic performance.. For scals
below the potential repository, it is reccommended that cementitious seals be sclected with
conductivities of 107} cnv/s. with an effective interface aperturc of 100) microns: for scals above

the potential repository, cementitious materials should be selected with Londucuvmcs of '
107! envs. with an effective interface aperture of 300 mtcrons o '

To resist load and provide strength, these \cals should bc placed as follmw

+ Scal locations, material properties, and placcmcnt mcthods should be sclcucd that
provide adequate strength and deformational serviceability for sealing components
to resist various combinations of dead, seismic, and thermal loads. These include:

- Decad loads from overlying seal materials -

- Thermal loads. duc to the h)dranon of the cement .md mdlo.u.twc \sastc
generation b - SR

- Differential volumetric expansion, due to placcmcm mcthode Lcmcm hydranon.
and differences in selected material propcmcs

- Liqucfaction and consolidation of backﬁll. due to scismic cvchts. '

s In Appendix 1, the parametric studies using .w.nlablc data suu.c\t th.n Lcmcntmous
» scals be plaucd undcr a :h;ht prce\urc and wnh a Iow placcmcnt tcmpcraturc~
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Saturation of the baékﬁlliéduiﬂ 7'l6;1f('1'.thcLlséalf‘a'nd'rcducc cf»fcct'iv"g Stress. A
cementitious seal with a tensile strength of 1.MPa and a comprcssivc strcngxh Qf
21 to 34 MPa (3,000 to 5.000 psl) n adcquate for combmcd loads -

'+ A backfill that has a specified poromy and gram sxzc d:stnbuuon should bc placcdii .
between the rigid scals, which will provide a capillary barrier to unsaturatcd ﬂow
occurring downward or laterally at straugraphnc contam.. ’ ‘ S

Summary of Available Technologies to Seal Boreholes One ObjCCthC of thm rcpon was ‘
to review the technologies available for borchole seal emplacement.  Chapter 6.0 includes a
review of tasks needed to place seals. These tasks are as follows: ‘ Pl o
» Removal of freestanding casing and borehole materials, if present
» Reconditioning of the borehole wall ‘

» Selcction of seal materials
« Emplacement of scals.

As discussed in Chapter 6.0, technologies are available to accomplish casing removal, borchole
reconditioning, and seal emplacement. However, some difficulty in removing materials from
selected borcholes may occur.  As a consequence of the available technologies for sealing
borcholes, sealing concerns should be taken into account before new boreholes are drilled. The
following LOﬂL]Ublon\ are included as p..rt of thc borcholc sealxng qtralcgy

. \mmtam detailed construction documcntauon e

+ Select drilling methods, if possible, th;it will reduce wall-cake build-up

» Seclect drilling methods, if possible, that will result in better wall condition

« Minimize risk of losing drilling tools and"'junk" in the borechole, 1c -develop a '
protocol for too!l inspection; make routine field inspections mtcrmmcnt with
downhole operations ~ ‘

« Utilize materials that are relatively casy to remove through fishing or _hiilling

+ Limit the number of exploratory boreholes.

Risk Involved in Abandoning a Single Borehole. Chapter 4.0 and Appchd‘i.x.ﬂ prc.-scnt,';;. ,

calculations for the abandonment of a single borchole. For purposes of evaluation, the existing

USW UZ-6 borehole has the largest diameter at the potential repository horizon. Also, it should
be considered that the effective hydraulic conducuvny of the abandoned borcholc cquals 10 cys -

(cquivalent to an air conductlvxty of 0.4 meters per minute). The conductance can bc comparcd n

to the cumulative conductance for the three models. The relative significance of a \mglc'. '
abandoned borehole depends on the model employed. For the low-wndumvny‘qucl.‘whcrc'._
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the conductivity of the rock matrix is low (Model 1), a single abandoned borchole provides a
greater conductance than 100 boreholes combined together (or 30 borcholes penetrating through
the potential repository horizon). For Model 2, where the rock matrix conductivity is increased
over Model 1, the conductance of a single abandoned borehole represents about 10 percent of the
total flow. For the most conductive model (Model 3), where the rock matrix conductivity is high,
the flow through a single abandoned borehole is not significant, in that the design requirement
expressed as i hydraulic conductivity for seals is of the order of 100 cim/s.

The above analysis does not include fault zones that may have a higher conductivity. If fault
zones are persistently higher in conductivity, they might tend to dominate convective airflow, ind
asingle abandoned hole would have less significance. On the other hand. if the low-conductivity
muodel is appropriate with a flow resistance dominantly occurring in low-conductivity formations,
the abandoned borehole has added significance.  Further, while no specific caleulations are
presented of the potential impacts on water flow, the abandonment of a single borehole would
be expected to have o similar impact. The project should recognize that the current
understanding of the hydrologic source is not complete at this time and will be updated as site
characterization information becomes available,

Based upon the preliminary calculations presented in the report. the project proceeds at risk in
abandoning boreholes where access to sealing location cannot be assured or where performance
cannot be evaluated. ’

Recommendations for the Surface-Based Program. The evaluations and conclusions
presented in this report provide guidance for the surfaced-based program. This guidance is
provided for addressing sealing plans and answering questions regarding grouting, borehole
acceess, borehole abandonment. and at which point these issues should be addressed. These issues
are discussed in more detail below.,

Maintain Casing. Borchole casing will be maintained for most of the planncd boreholes,
although several boreholes have been proposed that require grouting of fractures and other
material in scaling zones where casing has been removed.  Where casing has been removed. it
will be very difficult to reenter boreholes for purposes of scal emplacement, and current
confidence is low that such an operation would be successful, Because of the potential risks
involved, it is recommended that casing be maintained in deep borcholes within the extended
boundaries of the potential repository to provide continued aceess to borehole sealing locations.

Fracture Grouting. Fracture grouting at the upper and lower scaling locations may be
necessary during site characterization to achieve borehole stability. These grouted fractures are
then potentially susceptible to stress relief during drilling or alteration during poténtial repository
heating. The high temperature regime may result in microcracking, a tendency for grout filled
fractures to open up. resulting in degradation of overall seal performance. For these rc_dsons. it
is recommended that no grout should be introduced at the upper and lower sealing locations

XXiv '




during site characterization, since it could affect performance at the time of potential repository
decommissioning and well abandonment, 1t is therefore recommended that a general scaling a
plan, as outlined in detail by this report, be developed for all exploratory boreholes and that a =i
detailed sealing plan be developed for each borehole. - = |

The seal plans developed by the project would exist as controlled documents with design 5
specifications and construction drawings and wbl;ld consider general and specific problems
encountered at the scaling locations after detailed borehole inspection and in situ testing. Each

borehole would be surveyed for accurate well trajectories. The emphasis in the plan would be

to use a combination of mechanical calipers and video-logging during inspection to scarch for »
obstructions. Injection pressures may be determined by controlled hydrofracturing in zones near ;
seal locations.

Borehole Sealing Plans. The borchole sealing plans would be developed through
constderation of general and specific problems encountered at the specific sealing locations after
inspection. The borehole sealing plans would specify the quantities of seal materials, material
specifications for cementitious seals and carthen materials, and QC methods to be followed
during placement. In areas where pregrouting is necessary, grout design would be tailored to
provide materials performance at specified grout-injection pressures, viscosity, and strength. An
important issue to be addressed in the surface-based program is at what point scaling plans
should be in place. Calculations presented in this report state that, near the potential repository,
the potential eaists for future deep borcholes to be affected by air dispersion or flooding. These
borcholes should be evaluated prior to drilling to define specific seal design requirements. It is
recommended that sealing plans be prepared for all proposed deep borcholes within the extended
boundary of the potential repository prior to borehole drilling and that work plans address issues
with respect to well abandonment and casing removal. Further, no grouting should be introduced
into sealing zones as part of the current surface-based program without addressing the risks in
not complying with federal regulations.  In this manner, work-plan preparation will reflect an
cvaluation of the trade-offs in proceeding with the surface-based program relative to the risks of
well abandonment prior to drilling and well completion.




1.0 Introduction

The Yucca Mountain Project (YMP), managed by the U.S. Department of Energy (DOE), is
examining the suitability of the disposal of high-level radioactive waste in a mined geologic
potential repository at Yucca Mountain.  Yucca Mountain is situated both on and adjacent to the
Nevada Test Site (NTS) in Nye County, Nevada. The potential repository would be located in
an unsaturated wff formation within Yucea Mountain,

In December 1988, DOE (1988) issued a comprehensive site characterization plan (SCP) for
evaluating the suitability of Yucca Mountain as a potential site for a high-level nuclear waste
repository,  This plan defined a broad range of activities, such as exploratory borings, surface
excavations, excavations of exploratory ramps. and limited subsurface lateral excavations needed
to characterize the site. This report develops a strategy to scal existing boreholes and proposed
exploratory boreholes associated with the site characterization effort. In developing this strategy.
the report also considers the regulations pertinent to borehole sealing.  The two primary
requirements that address the performance of the borehole seals, defined in 10 CFR 60, are as
follows:

« §60.112,"Overall system performance objective for the geologic potential repository
after permanent closure™:

“The geologic setting shall be selected and the enginecred barrier system and the
shafts, boreholes, and their seals shall be designed to assure that releases of
radioactive materials to the accessible environment following permanent closure
conform to such generally applicable environmental standards for radioactivity as
may have been established by the Environmental Protection Agency [EPA] with
respect to both anticipated processes and events and unanticipated processes and
events,”

o $60.134, "Design of scals for shafts and boreholes™:

(1) "General design criterion: Scals for shafts and borcholes shall be designed so
that following permanent closure they do not become pathways that
compromise the geologic potential repository’s ability to meet the performance
objectives over the period following permanent closure.”

(b) "Selection of materials and placement methods:  Materials and placement
methods for seals shall be selected to reduce, ta the extent practicabie, (1) the
potential for creating a preferential pathway for groundwater to contact the
waste packages or (2) radionuclide migration through existing pathways."

The SCP presents a process for responding to all regulations, including those given above. This
process includes defining issues and associated information needs that must be resolved in order
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to respond to thcsc regulations. ’I‘hc specific i issues .md ml'orm.mon nceds pc.nmcnt to lhl\ area
of borchole sealing are given below: , :
o lIssue 1.12: R
“Have the characteristics and configurations of the shaft and borchole seals been
adequately established to (a) show compliance with the postelosure design criteria

of 10 CFR 60.134 and*(b) provide mformatmn to support resolution of the
performance issues?”

Information Needs

1 Not applicable '

.2 Materials and characteristics of ﬂcals for shafts, drifts, and boreholes
3 Placement method of seals for shafts, drifts, and boreholes

4 Reference design of seals for shafts, drifts, and boreholes

» .

1.1
1.1
1.1
1.1

2
2
2
2

o Iasuc 4.4

"Are the technologies of potential repository construction, operation, closure, and
dcv.omnns\lonmg. adequately cstabllshcd to support rcsolunon of the performance
issucs

Information Needs

4.4.10 Determination that the scals for shafts, drifts, and borcholes can be
emplaced with reasonably available technology:.

The primary arcas of interest in the issues and information needs that must be considered are the
performance and design of the borehole seals and the technologics available to seal exploratory
boreholes. '

This report presents a scaling strategy and provides information to address the design of
exploratory borcholes, materials and characteristics of the design, and available technologies for
scal emplacement. This report is organized to present a sealing strategy in Chapter 2.0 based
upon fundamental considerations, such as location, with respect to the potential repository
boundary and flooded areas and depth.  Subsequent chapters provide more detailed evaluation
to answer specific questions regarding the sealing strategy.

The issues and uncertainties addressed in this report are presented in Table 1-1.  This table
presents the type of information, the issue or uncertainty addressed, seal performance goals, and
the parameters of concern.  The information type identifies what information is needed. The
property, issue, or uncertainty identifies why the information is needed. In answering these
questions, the parameter(s) of concern identify information developed. The table identifics the
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current and needed confidence level and identifies which section of the report and supporting
appendices address ecach issue.  Each supporting section states how the information is
subsequently used in performing analysis or formulating strategies.
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Issues and Uncertainties in Sealing Exploratory

Table 1-1

Boreholes Addressed in this Report

Property, Issue or Performance Parameter(s) of Needed Current Report | Supporting
Information Type Uncertainty Goat Concern Confidence | Conidence | Section Appendix
Borehole Sealing What is the water-flow Rastrict water Required seal High Low 2.1 .
Strategy performance flow 1o less than | performance
requirement for the 1 percent of expressed as an
potential repository? flow through the | effective
potential permeability
repository.
What is the airflow Restrict airflow Required seal Hgh Low 2.1 -
performance to less than performance
requitement for the 1 percent of expressed as an i
potential repository? flow through the | effective
potential permeabifity
repository. o ‘ ) }
What is the proximity of NA Categorize High Medium 22,23 -
boreholes to the boreholes as to . : Co
potential repository and significance :
flooded areas? l
What seal locations . NA Borehole. High High 24,34 D
within critical boreholes classification for
are available for wall condition
sealing?
What is the in situ NA Stress state Medium Medium 24,33 -
stross at seal locations?
What is the temperature NA Temperature and Medium Medium 24,33 -
and induced thermal thermal stress C
strass at seal locations?
What is the rock mass NA Rock mass strength Medium Medium 24,33 -
strength at seal
locations?

Refer to footnotes at end of table.
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Table 1-1 (Continued)

Issues and Uncerta:nties in Sealing Exploratory
Boreholes Addressed in this Report

inundated by surface
water flow?

borehole locations

Property, Issue or Pardormance Parameter(s) ot Nesgeg Current Hepor Supporting
information Type Uncertainty Goat Concern Con*ganrce | Confgerce | Secton Appandis
Botehole Sealing What 1s the basic design NA None NA NA 25 -
Strategy coniguration for shallow
{Continued) boreholes?
V/hat seal matenals are | Stable seals Seal hydrolog«cal Hgh Madwum to 25
available for selection? with high and machanical Hwgh
L fongewity properties
What :s the basic design | Awr- and water- Seal focations ang High Medwm 25 -
contquration for deep flow etective lengths
boreholes? permeabilities
General Site What is the basic NA Locaton, size, Medam High 3 AA&B
Information and doscrption of the depth, and casing
Surtace-Based exploratory borehole conhguration of
Borehole system? axploratcry
System boreholes
Geology and hydrology NA Stratigraphy t4edsm High 32 c
of Yucca Mountain
Rock hydrotogic High Medium 3.2
Properties
Sources ot water High Low 32
Where to Seal Whete are deep NA Lateral distance High Low 41 E
boreholes atlected by from the potential
inundation at the reposntory boundary
potential reposiory
horizon?
Where are boreholes NA Depth of tiooding at High Medwm 41 F

Reler to footnotes at end of table.
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Issues and Uncertainties in Sealing Exploratory

Table 1-1 (Continued)

Boreholes Addressed in this Report

Property, Issua ot Pertormance Parameteris) of Neaded Current Report Supportng
Information Type Uncerainty Goal Concern Contgence | Confdence | Secton Appendix
Where to Seal For a potential perched NA The relatve High Medwm 4.1 H
(Continued) water scenario, which signthicance of
boreholes are water flow between
signfficant? shaliow and deep
boreholes
Where does air lateral NA Distance from the Medwm Low 42 G
dispersion occur from potential repos.tory
the potential repository? aftected by aw
dispersion.
How is lataral air NA Distance air Medium Low 42
dispersion influenced by migrates into
contrasts in air Soltario Canyon
conductivity?
Where are the Seal Product of the Hgh Medwum 42 H
boreholes signdicant to conducivity effective
arflow located? permeabslity and
cross-sectional
area
How to seal for air- * || What is the hydrologic Water-flow Seal matrix and Hgh Medum 5.1 =
and water-flow design requirement to eflective interface-zone
performance restnct flow? permeabilities conductivity
What is the airflow Airflow effective | Seal matrix and Hgh Medium 5.1 -
design requirement 1o permeablities interface-zone
restrict flow? conductivaty
When to Seal How stable are open Stable Stress to strength High Low to 53 .
and cased borsholes for | boreholes prior cOMparnsons Medium
heated and unheated to sealing
conditions? Corrosion Low Low 53
allowance

Refer to footnotes at end of table.
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Issues and Uncertainties in Sealing Exploratcty

Table 1-1 (Continued)

Borehcles Addressed in this Report

! ! Prcpenty, 'ssue or Peormance Parametesisi of Neaged Current Report Supporting
Informanon Type I Uncentanty Goai Concerr Contdence | Confdance { Secton Appendu
4 How to seal for Can seals ba desigred | Stavble borenole Tnax:al Veuiumn WMedwm to 54 l.J
structural 1o rasst seai, backhil, sadlad aRter ompressive High
parformance therma!, and seismic potantial strangth 10 resist
loading? repository combined loadngs
decommissiomng
How 10 seal using Can mstrumentation NA NA Hagn High 52 -
available and other ma*+ i be
emplacemeant removed from cased
technotogies boreholes using
avadable methods?
! Can nstrumentation NA NA +hgh Low &2
i and other material be
! removed from uncased
boreholes using
available methods?
! Can casing be NA NA High High 62 .
! removed at seal
! focatons?
" Are methods avalable NA NA High High 6.2 K
for seal emplacement?
Are qualty controt NA NA Medium Medium 6.2 -
methods available for
i seal emplacement?
Are seat testing NA NA Hagh Low 52
mathods to vernly
performance available?

Refar 1o fooinotes at end ct table.
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Issues and Uncertainties in Sealing Exploratory

Table 1-1 (Continued)

Boreholes Addressed in this Report

infermation Type

Property, 'ssue or
Uncertainty

Perdormance
Goal

Parameteris; ot
Concern

Neaded
Contdence

Current
Contdence

Report
Seztion

Supporting 1
Appendix }

Programmatic
Constraints for the
Surtace-Based
Program

|

Can accuss be gamned
to seal locatons alter
comptetion of the
program?

NA

NA

Hgh

.

Ltow

7374

Should grouting be
aliowed in sealing
zones?

NA

Hgh

Low

7374

Could individual
borehotes be
abandoned without
nsking degradation in
potential reposttory
performance after
completion cf the
program?

NA

NA

Hqgh

Low

~
3

Should sealing and
abardonment issues be
addressed during work

plan preparaton?

NA

High

75

Py

*The conhdence 1s ‘ugh for cased borahoies and low for uncased boreholes Sice scme boreholes are uncased with grouted instrumentaton, the overall

confidence 1S low.

"The surface-based program cutrently «denrtities no restnchion on grouling.

‘Thara 15 cutrantly no project requirement for addressing seahing and abandonmaent dunng the preparation of work plans

NA =« Nct apphcable




2.0 Exploratory Borehole Seal Strategy

fre e a b ——— e« o ——

This chapter presents astrategy tor sealing boreholes to satisty seal performince requirements,
Inherent in this strategy are answers to the tollowmg concerns: - where o seal, relative to the
potential repository and geologic setting: how to seal, reltive to selection of seal materials,
geometty, and placement methods: and shen to seal during the stages ot potential repository
operation. As discussed in Chapter 1.0, the strategy tor sealing boreholes addresses performance
requirements given e 10 CER 60 and presented in Issue 1,12 and the availability ot technologies
to plirce horehole seals as discussed i Isspe 340 Therefore, this'strategy includes an esatuation
of the pettormance ot the sealing ssstem. Because performance rehability as cnitical to the
strateey. reducing the hikehhood ot degradation and sefecting measures o avend deletenous events
are both addiessed through petfonmance evaluations and  design calculations presented  in

Chapters 10 and 5.0,

he strategy s intended o provide gusdance for those acquiring site intormation trom: the
suttace-based program. Thes repott s consistent wath sterative petformance assessment and ties
sealing destgn concepts with sitesspeaitic teatures, The borehole sealing concepts are tlevible
i that they may e maditied if the assamptions made about the rock properties change as a
tesult of site chatacterization eftorts o1 as requitements tor borehole seal pertormance and
addiional scenartos tor seal degradation are detimed. I the sections that tollow, resulis trom
pertormance and design evaluations are preseated. Collectively, the conclusions reached trom

these results torm the borehole sealing strategy.,

2.1 Borehole Performance Goals

I previous studies (hemandesz et ales TONT the regulations tor borehole-seal performance
L CER GO 134 require that “boreholes shall be designed so that following closure they do nen
become pathways that compromise the geologic potential repository™s ability 1o mcet the
pettomiance obectives.” The postnon adopted was that the restiction of vertical flow through
the borehules 1o only 1 opereent of the potential for vertical flow through the rock mass satisties
this requiremient. For both boreholes and rock mass, the eftective hydraulic gradient was
assumed to be o the condition ot sertical intiltration ander atmospheric pressure, Considenng
the arca within the potential sepository perimeter, the potential vertical flus through the 1ock
nuss was the effective hydrauhc conductivity of rock units between the potential repository and
the water table tumes the floor area ot the potential repository drifts, or mote conservatively, the
total arca wathin the potential repository. The potential flow through boreholes was the sum ot
the vrossasectional areas of the boreholes within the potential repository area timies the etieciive
hydraulic conductuvity of the seal material ancluding the etfect of the seal/host tock interface).
Considening o range of rock mass hvdaulic conductivitios, selecting o fow satue of 1ock mass
conductivity results i low requited hvdraghe conductivity for the seal material,

The current strategy recegnizes that groundwater flow to the accesihie envnonmen below the
potential tepository is the matn concern i sealing boreholes. But, additional concems have
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evolved regarding the potential for preferential flow of gaseous radionuclides due to convective
anflow out of the potential repusitory o the ground surface. The performance of seals might
degtade due 1o adverse oading and therefore not meet the basic hydrologic and wirflow
petfonmance objectives, These concerns have evolved from a literature review ot presious
pertormance testing of potential repository seals, which is i basic objectisve of the carrent design
imvestigations: from technical issues raised by the U.S, Nuclear Regulatory Commission tNRC,
and trom the need to provide additonal seal design requirements tor backfill o augment the
baste tolatian chatacteristios of the unsiturated zone at Yucea Mountain, These concerns require
sealing from the potential tepository horizon 1o the ground surtace, within the potential
repositony, o immediately outside the potential reposiiory area. The performance goal adopted
resticis anrtlow through the borehole seals 1o 1 percent of the total flow through the rock,

2.2 Performance Scenarios

In this section, performance scenanos for borehole seals are developed tor conditions where the
petformance of the potential repository could be atfected. This bistas considered comprehensive
Uhe pertormance scenarios consider flow mechanisms for atr and water and how such flow would
B attected by by geologic and stratigraphic considerations and «2) the sarface-based exploraton
horehole ssystem

Vaoleanic tocks are the predomimant rock tvpe at Yucca Mountain They are typically ash tlow
e origin, but ash tatl bedded, and ressoraed ttts are also present. Most tatfs are highesihca
thyolites, but the Lizge-s olume ash-tlow cooling units are compositionally zoned. grading upward
trom thyohte to guartz Latite in the upper part of the sequence (Broston et al, 19870 Also, the
umits are quite variable mn degree of welding, alteration, and zeolitization. Tuff units above the
water table ate commonly desanfied or are sull vitrie, with the exception of the Pal Canyon
Member as observed an borehole USW G2 (Bish et al., 1U82),

The sequence of ittt amts at Yucca Mountain include the Pamtbrush wift, the wattaceous beds
of the Cahico Hhilse and other sequences of ash-flow wfts and intercalated Javas (Figore 2-1).
Fhese tutts are quite sariabie in the degree of welding and their alieration. The fractured welded
s exhibit higher permeability than the less fractured nonwelded tufts. Permeability contrasts
chagh permeability ain welded tatts to low permeability in nonwelded tuffs) existat contact zones,
The tatts of pnmary interest from a sealing perspective are the Paintbrush taft and the tattaceous
beds ot the Catico Hills, The Paintbrash tuff s comprised of the Tiva Canyon Member, the
Paintbrush nonwelded wff tie.. the Yu ca Mountain and Pah Canyon Members), and the
Fapopah Sping Member. Most of the bediock outeropping at the surface consists of welded ash-
flow tatts of the Tiva Canyon Member. Along the western slope of Yucea Crest, the nonwelded
and Bedded wtts of the Paintbrush il and the portions of the Topopah Spring Member are
exposed o Solitario Canyon.

A owide varety of borcholes have been deseloped and dolled as part ot the suiface-based
program. The exploratory borehole system, in terms of spatial location, borehole configuration,
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and purpose, is deseribed in detal in Chapter 3.0, Alo Chapter 3.0 desenibes the an situ state
af stress, borehole conditions, and dritling methads, The important aspects for developing aseai
strtegy include the location within or away from the potential tepository perimeter amd the depth
to which boreholes penetrate. as illustrated in Figure 2-10 There are approsunately 191 existing
and 322 proposed boreholes within the testricted area' varying i depth trom § 1o 6,000 (1,

2.2.1 Water Flow

Two seenattos exist for water flow to ovcur towards or away from the potential repositorny
These water-tlow scenarios could aftect the significance of boreholes within and near the
potential repository boundary and include the fo .owing:

« Inundation of g potential repository drift under unanticipated condinons, resulting
h ]

in Lateral spreading from the edge of the potential epository (Figare 2-2)

«  Flooding events near alluvial recharge areas resulting i a satutation front moving
downward, potential perching of water, and potential enhancement of tlooding at
the Tiva Canyon contact (Figure 2-3).

Figuie 2-4 shows several evisting and proposed  boreholes within and near the edee ot the
potential repository that could be attected by water tlow.

For a dnft inundated with water. a saturated flow plume would deselop downwand to the
groundwater table. A deep borehole tie UR 250 #7) antersected by such a plume tepresents
preferential pathway for the flow of water to the accessible envitonment. While several
fow-angled fracture sets exist. the fracture systems in the welded tutt are dominantly vertical, and
only a small tendency (MacDougall et all, TUST) for lateral Qow from the potential repostton

horizon exists.

Surtace tloading and the development of prehed water could compromise the ability of the
geologic potential repository to meet performance objectives following closure. The alluvium
could become saturated and recharge the borehole, resulting in perched water. The potential tor
flonding at borehole tocations depends on the size of the drainage basin, topographic features o
the draining basin, stream characteristics, and the presence of alluvium that could recharge the
borehole. Existing and proposed boreholes within or near the potential repository periphery could
be subject o floading. With several exceptions, the proposed borcholes are to be located outside
of load-prone are s and are less subject to flooding,

.

S0 CER 602 detines the restoncted irea as 7iny arcas siceess oo which s conttollad by the heensee tor the
purpese of protection of gronndwater.”
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2.2.2 Airflow

After radioactive waste is emplaced in the potential repository, convective air transport develops
through shafts, ramps, and boreholes accessing the potential repository. Convective airflow also
develops through the rock and other geologic features.  As flow is drawn upwards from cooler
repions surrounding the potential repository, Lateral spreading can oceur (Figure 2-5). The lateral
spreading depends upon advection or airtflow and dispersion that in turn depends on molecular
ditfusion and dispersivity, For boreholes near the edge of the potential repository. tlow upwaurd
to the atmosphere could oceur (depending upon the depth of the borehole) through rock and then
through backfill.

Airtlow may also be atfected by contrast in permeabilities that could force air to migrate
laterally.  The Paintbrush nonwelded tuff formation possesses fewer fractures and  lower
conductivity than welded. fractured wff below,  Air could flow Taterally along this contact and
et in Solitario Canyon. Boreholes to the west of the potential repository could be affected by
this Eaterab migration. To the cast of the potential repository, the convective cell formation would
be contained in the welded unit until @ cooler region is reached and air is drawn back towards
the potential repository.,

2.3 Spatial Classification of Boreholes

The consideration of regulatory criteria for preferred pathways and the water and flow scenarios
suggest that boreholes could be categorized according to the potential for convective airflow
tnstde versus outside the poiential sepository), potential for flooding. and borehole depth. These
established criteria are as follows:

«  Plan Location---Airflow---The borehole is located within or immediately outside the
potential repository periphery. Boreholes within the extended boundary of the
potential repository® are subject to convective airflow. A value of 1 is assigned for
boreholes outside the extended boundary of the potential repository, while a value
of 2 is assigned for holes within the extended boundary of the potential repository.,

+ Plan Locatica~- Water Flow—The location of the borchole with respect to alluvial

arcas (Figure 2-4). A value of 1y assigned for boreholes subject 1o flooding, while
a value of s assigned for unflooded holes.

« Depth’ - Airflow and Water Flow-—The depth of the borchole determines whether
airflow oceurs predominantly through rock and then through the borehole or through
just the borehole and associated backfill and seals. For deep borcholes, such as

“The extemded boundary of the potential repositony includes borehales just outside the potential repository tha
might be subject o advection‘dispersion,

‘Depth aflects temperature for sealing locations acas the potential reposttory borzon, The empenture facto
presented abeve considers emperiture relative o the patential repository an plan while the depth Lactor considens
temperature n clevation,
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USW H-5. a preferential pathway could exist from the potential repository horizon
to the groundwater tuble. A wvalue of | is assigned for shallow boreholes
terminating in *he Tiva Canyon member, A value of 2 is assigned for boreholes
terminating in the Paintbrush nonwelded tuff. A value of 3 ix assigned for holes
terminating above the potential repository.  For holes penetrating the potential
repository, a value of 4 is assigned.

Tables 2-1 and 2-2 present a categorization based upon the above criteria for properties of
borcholes, A lower rank (2) suggests little significance regarding the criteria, while a higher
ranking (4 through 71 suggests potentially greater significance. Figure 2-6 presents a schematic
of borehole categories.  In determining sealing requirements, the following observations are

made:

« The water-flow enhancement for deep boreholes under perched water conditions is
a far more significant condition than for shallow  borenoles, since flow s
proportional to the standing water columns® within the borehole,

+ The airflow through deep boreholes penetrating the potential repository is far more
significant than for shallow boreholes, since airflow through a hole is resisted
principally by flow through the web of rock below the borehole. Shallow boreholes
not penetrating the Tiva Canyon Member are inconsequential and need not be
sealed.

«  Stratigraphic contacts may direct perched water to travel laterally primarily to the
cist of the potential repository. A seal placed at the stratigraphic contact reduces
the potential tor the borehole becoming a preferential pathway,

For deep boreholes outside the potential repository perimeter. sealing is not necessary in the
upper zome. while sealing could be required in the lower zone extending to the cast of the
potential repository. Away from the potential repository, the upper seal zone is not necessary
to prevent surtace inundation and reduce contaminated airflow. “This is because the water plume
from perched water does not intersect the potential repository, and air would be drawn into the
ground in cooler regions, Yet the lower seal may be required if perched water oceurs on contact
cones and moves Laterally to the cast. This water could become a preferential pathway through

deep boreholes.

The above evaduations establish the need for sealing above and below the potential repository.,
i'he upper and lower seal locations discussed require further detailed characterization (borehole
wall condition, in situ state of stress, and temperature). The following section discusses borehole

“The eviduation assames o worst-case scenarse that o standing water column develops within the borehole. The
development ol o stading water column depends on the amount of water techirged 1o the borchole and the
amount dissipated to surrounding tormattons.
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Table 2-1

Categorization of Existing Boreholes Within the Extended Boundary

of

Plan
Boruhols Plan Locanon.- - Barehots
Length Location - Vater Classiication
' Borehole 1D tm) Airttow® Flow’ Dupth’ {Summaton) Notee
USW U2 N33 1 ool ' 1 by Shallow borehoien
UE 25 UZN 297 13 1 1 < outsics potent.at
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Table 2-1 (Continued)
Categorization of Existing Boreholes Within the Extended Boundary

Plan
Plan . Locaton-- Borehole
Borehotle Locadon - Water Classificaton
Borehok 1D Length im) Artiow’ Flow® Depth® (Summaton) Notes

! UE 25a &3 152 4 1 1 3 5 Deep boreholes within
UE 25a #5 148 &4 1 1 3 S or outsida potential
USWH3 2191 1 4 5 repository that may or
USW H 1 1828 7 1 4 5 may not be subject to |!
USW UZ N37 827 2 3 5 fiooding . deap
UE 257 26 152 4 2 3 S boreholes outside
UE 253 =7 305 4 1 1 3 5 potental repostory and

subpect to flooding
UsSw Gt 1828 7 1 1 4 [ Deop horizon
USW UZ 16 506 9 1 1 2 6 boreholes that may of
USWHS 1219 1 2 4 6 may not be sutyect 1o
uswuze 5751 2 4 6 flooding
USWH 4 12191 2 1 4 7 Deep honizon borahok
UsSvwi G 4 G153 2 1 4 7 within potental
USW WT 2 6279 2 1 4 7 reposrtory and subpect
to floodng

‘1 ..Borehole outside of potential repesitory beundady but within extended boundary, 2—Borahole inside of potendal reposriory
boundary

1 -Borehole potentally located i probable maumum food (PMF) zone

‘1 Borehols turminatus in Tiva Canyon Maember. 2~ Borehoks terminates in the Paintbrush nonwelded tutt. 3 — Borehols terminates
in Topopah Spring Member above the potental repository, 4 —Borehole penetrates the potental repository honzon

wall conditions, Characterization of these properties at the potential repository horizon illustrates

the potential difficulties that might be encountered in the high-temperature environment and how
sealing away from this zone reduces undesirable temperature effects.

2.4 Borehole Wall Conditions and Preferred Sealing Locations

Because of the vanations in structural geology (see Section 3.2.2 and Appendia C). it was
anticipated that the condition of the borehole wall would vary. depending on the degree of
welding, the lithophysae content, the extent of clay and zeolitic mineral development. and the
degree of fracturing in response to borehole drilling. This section summarizes the condition of
the borehole wall to answer the following question: Are there unique features that would indicate
preferred sealing locations above and below the potential repository?

Sclected borchole viden logs were reviewed as a direct means of assessing the wall condition.
Boreholes were seiected based on their location and the availability of video-logging., Nine
locations (see Figure 2-7) were selected over a broad arca to captare a range of subsurface
geologic conditions. Following a preliminary review of all video logs, a classification scheme
was developed based on smoothness of the borehole wall. the presence of lithophysae. the degree

to
.
to

JRASUURUUUURS R



A Table 2-2
Categorization ot Proposed Boreholes Within the Extended Boundary

Ratu 1o lootnotes at end of tate

Plan 1!
Borehoks Plan Locaton -- Boraholks X
Length Location - Water Classheation
Borehote 1D tm) Airflow® flow' Dupth {Summatcent Notes
: =
SPRS 09 15 1 1 P4 Shallow borsholee
SPRS 22 15 1 H 2 ORI [ONL A
‘PRS 23 18 1 1 . (284 e 131 fe L Ze TV Lo T4 1 TN
LIRS 10 14 \ 1 é !
SPAs 11 1% 1 1 2 1
SORS 0% HE 1 1 < l
LPRS 1 1007 H ! < i
LPRS 3 16° 1 1 2 :
LPRS 5 10° ' ! < 1
1PRS 1) 107 : 1 : i
LBRS 12 107 1 1 2 ,
. .-..4;
SRG & 457 > 1 a 10 her Mon g3 tes (Bag 8 i
USW L2 N3y ne > t 3 boruhoise Oytawe i
SHRS 19 14 1 b4 3 pOtental renordory v :
$PAS 04 18 < 1 3 <halower hOrehCe< H
SPaS O3 '8 < 1 3 Wit potent.at l
S9RS 02 15 3 . 1 3 60O N0ry
SPRS 0OR 15 4 1 3
SPRS 12 15 2 1 3 ‘
SPRS 13 15 2 1 3 ]
SPORS 07 15 My 1 K]
SPRS 16 15 1 ] 1 K}
LIRS 2 107 < ] 3
LPRS 10 107 1 2 3 .
LPAS 4 107 2 1 a f
LPRS & 107 N 1 k|
{PARS 9 107 1 < 3
LPRS B 107 ! 1 1 3
p
NRG 5 3048 1 3 4 Shallow borehok.<
USW UZ N1 549 2 2 4 #1thi potent Al
USVY U2 a2 3 Q <l d 4 repostory sutye.t to
SPRY 14 18 2 1 1 4 flooding or
Ntermediate N depth
USW SC 1 £N9 6 1 4 < Destspiet boreshotess
UsSw SN2 KO0 & 1 4 5 within Of outsxte
UsSw sD 7 7101 1 4 5 potendal repository H
USW SD 1 £490 1 4 5 | ~ot subject tc floodng i
UE 25 SD»9 606 5 1 1 4 ] ' Leep Dorsholee
UE 25 UZ#9A 585 ¢ 1 1 K [ outads potental
1SV SD 10 24 8 1 1 I 5 1 rspnantory bous.cary
uswsD s ¢ 650N 1 ! ' 4 ) 1 and <shieet to
$2E 25 UZx9D SE2 1 : 3 4 6 tioocing
JJ:'E 25 U289 ! £352 ' ' 4 €




Table 2-2 (Continued)
Categorization of Proposed Boreholes Within the Extended Boundary

(T T T T T T T T T T T T T T T T T T T T I I T T I T e e e A S S
; I Plan 1;
I Boruhole Plan Locaton - Borehot. )
Length Locadon Watsr Ctacathcaton
l Boruhoka I mj Airiow* Flow Depth ({Summaton) Notas ]
I"rf—.’.‘."".‘-—"':.’_"_f‘—'::'-“‘ = e Ta e e = ey ——
l DSV U2 CA 4820 3 4 1 * Deswp DOrIsholes within
potental repasitory

H boundary and subpct

| to flooding

T ereara e Yoo P Y s —= e == Cr— e

U Ronetiole guttrgee ©F potenlal reaiiory boundary but witten extended oundan @ Borehole incigs of £Otental renociDry
1 L5 Fia $ AT
"1 Boruhoke potsnanaily facated in Me prebabls manmum Nood 1PMF) tone
* Borengme termurtee in Tiva Canyon Aambeer 2 Barehiole teiminates in the Panttruch nonweldnd tut 3 Botehow terminatee,
1 T0ponah SEnng Mumber abnve the potential repoetory & Borehole penstratus the potuntiai repositony honzon

of fractunng, and hole enlargement. The qualitative criteria for the classitication scheme are
presented in Table 2.3,

Table 2-3
Criteria ‘or Categorizing Borehole Wall Condition"

i SITIENEIT T IS Sosema=ny

h _]I

if Cateqory Crrtania §

b-

., !

' C1 Excetiont typically - vmmatnical hole with a smoath surtace, no hole enlargement: no to tew
Ithoptysae. no pro- ounced fractures, minor “pluckouts ~

G2 Good. typc 'y symmetncal hols with a smooth surface. hole enlargement small ot
ntermediate’ but intrequent, no to tew fractures, uniform Ithophysae can be preser’

! c3 Poor--typically a rough surface; hole enlargement 15 intermediate and frequent, but it 15
possible tor hole to be symmetncal: Ithophysae can be prevalent, large, and nonunitormly

distnbutad, fractures ate lrequent

Cs Extremely poot, typically a nonsymmetrical hale having an extremaly iregular surface, hole
enlargement 1s large. large hthophysae can be present. {fractures are {requent and
pronounced.

It 1s not necessary {nr the borehole wall to have all the features histed For mxample, it 1s possible for numerous
ithophysae 10 be pres 1 with no evxdent fraz*u:se

‘Intermediate hole enlargement 15 equivalent o up 1o one hatt «f the hale diametor  Large hule enlargemeast s
equwvalent 1o one-hal! or greater than the hole diameter  This :0gi2 also apphes to the size of the lithophy sae

Following this initial step. cach of the borehole video logs were reviewed in detail. and sections
of the borehole were placed in the CLC20C3or C4 categories. Additionally. these categories
were contelated with a simplitied stratigraphic log. More detailed information on the results of
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Borehole Categories Schematic
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video-logging is presented in Chapter 3.0 and in the correlations in Figures D-1 through D-10
in Appendin DL Additionally, Tables D-1 through D-10 in Appendin D contain a summary of
the pereentage of each category for cach stratigraphic unit for which video was available. B od
upon these categories, the gencralized hole conditions were found to be as tollows:

» A high percentage of Categones C3 and (3 occur in the densely welded. desuntied
wtf in the Tiva Canyon and Topopah Spring Units,

«  Category C1occurs in the Paintbrush nonwelded tff.
o Categonies C1oand C2 oceur in the upper portion of Topopah Spoang it

o Categortes Cand C2 occur in the nonwelded sitrie and zeohitic pottions ot the
Caheo Fhfls Ui,

This evaluation suggests placement of hey seals in the Paintbrush nonwelded tutts, in the upper
portion ot the Topopah Spring Unit. and in the nonwelded sitne aad 2cohitic portions of the
Calico Hills Umit. - While borehole classtications show more tavorgbl Londttions in the
nonwelded tutts that are relatvely free of tractures, the assessed tok anass strength for
nonwelded tutt v somevhat lower, due to the contrast in unconfined compressive suength
between the welded and nonwelded tauffs (150 versus 18 MPa). The rock-mass strength s
unportant, because higher strength gives greater confidence o the mechanmcal statuliz ot the
bareholes. Nevertheless, the varving conditions suggest that sealing locations with higher rock-
mass quality in welded and nonwelded units that ae not intensely tractuted can be selected.

Chapter 3.0 presents anticipated in situ and thermal stress conditions at depth. The in situ
sttesses tange from 1 to 2 MPa at the upper seal location above the potential repository to 10 1o
TE MPa at the lower sealing location below the potential repository, At the potential repositon
hotizon, the results show horizontal compression due  to radioactive  heat generation of
approvimately 4 to 16 MPa and slight vertical decompression after about 100 years. Radioactive
waste heat generation sustains the horizontal compression for several hundred years. After this
ume. temperatures decline over time (500 to 100 years). At the upper seal zone, the tock
mass experiences a horizontal decompression of appronimatels 1 1o 2 MPa and slight verucal
wnnpresston. At this zone. the results show g reversal in thermally anduced stress from tension
o compression oz 300 to 100D vears.  Atter {ais time, temperatures decline gradually oser
tne (2000010 M0 vearsy. Borenole seals should be placed in regions with limited thennai

stress changes,

Other deep boreholes within the potential repository or near o the potential repository boundary
show similar trends in the development of far-ficld thermal stress, The thermal stress analysis
predicts a smaller rise in temperature and thermally induced stresses at the potential repository
boundary o just outside the potential repository boundary At the potential repaository hotizon,
the thermally induced stresses for USW H-S shows a slightly lower horizontal compression after
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about 100 years than that shown for USW SD-4, as this borehole locates at the western edge of
the potential repository, A slight vertical decompression occurs during this period. At the upper
contact zone, the analysis shows similar trends as shown for USW SD-4. For borcholes at some
distance (UGE-25 WT-15, USW G-2. and USW WT-1), the analysis predicts almost no thermally
induced effects.

These seal-placement considerations for boreholes within or near the potential repository
boundary. in Solitario Canyon, and ecast of the potential repository are reflected in Figure 2-8.
This figure is a typical borchole and casing configuration.  These borehole cementitious seal
locations retlect the conclusion that high-quality seals should be located away from the high-
temperature environments and in zones with a favorable borehole classification. In zones where
placement oceurs in fractures, a grout bulb could be provided as a redundant design feature.

A current borehole sealing strategy places a porous backfill below denser cementitious seals in
which the contrast in matrix potential is at least equivalent or greater than the contrast in matri
potential between the welded and nonwelded host rocks. Further the porous backfill would be
engincered to provide a capillary barrier with the host formation to restrict potential flow into the
borchole.  While no specific anadyses are presented., it is likely that a porous backfill with
specitied porosity, grain-size distribution, and hydrologic properties can be selected to satisfy
these dual objectives.

2.5 How to Seal

Four arcas to be considered in addressing the question of how 1o seal are:  interface and
structural  considerations, seal material selection, grout bulb effectiveness, and  available
technologies to seal exploratory boreholes. These are discussed individually below.

2.5.1 lInterface and Structural Considerations

Bench-scale tests done by Terra Tek showed the importance of interface-zone permeability (DOE,
19SN). For sealed boreholes, flow oceurs cither through the seal matrix or through the interface
zone. These tests showed that the "effective plug permeability™ for flow through the interface
sone to be to 2 orders of magnitude greater than the permeability of the plug material. This
result supports the theory that the inteirface zone behaves like a fracture, in that at low effective
stress levels, the interface opens and exhibits high conductivity. At higher stress levels, the
interface closes and exhibits a much lower conductivity that is independent of effective stress
level (Figure 2-9).

Dacmen et al. (1983) reported on an experiment on a borehole seal in welded tuff. A rock
specimen 31 em long by 15 cm in diameter was installed i a permeameter and loaded axially
and laterally with confining stresses ranging from 7 to 20 MPa and with axial stresses ranging
from 8 to 23 MPa, A coaxial hole (2.5 emin diameter) was then drilled from each end of the
specimen, leaving a rock bridge in the center. A differential pressure was applied. and flow
measurements were performed. Following these initial flow measurements, the rock bridge was
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drilled out and replaced with a cement plug. The plug was tested under a similar set of total
stress and pore pressure conditions. Daemen et al, expressed the conductivity of the plug as an
equivalent conductivity for flow through the plug and interface zone. The reported values ranged
from 10" to 10" cnvs.  Assuming flow occurs through a smoothwall crack at the plug
perimeter, an equisalent smoothwall fracture of (L5 to § pm is caleulated, which is similar to the
caleulated value from the Terra-Tek test in basalt.

While scale effects may exist in the application of these results to the emplacement of
farger-scale seals in wiff, they prove the significance of the interface zone in airflow and
hydrologic performance. As discussed subsequently in Chapter 5.0, the airflow and hydrologic
design requirements can be expressed in terms of an equivalent smooth-wall aperture and the
seal-matrix conductivaty,

The interpretations made of the Terra-Tek test suggest @ coupling between structural interface
petformance and tlow performance. There exists a need to reduce or eliminate seal degradation
that might occur due to rock/seal structural interaction effects.  In selecting seal materials,
consideration is given i Chapter 5.0 to structural loading occurring prior to sealing, during
scaling, and after decommissioning of the potential repository.

The seenatios considered for the seal design concerns are as follows:

«  Open borehole at ambient temperature prior to scaling

« Scaled borehole with backfill

+ Initial static, thermal. and dynamic (dry backfill) loading
« Postelosure static, thermal, and dynamic loading.

Seal locations, material properties, and placement methods should be selected that provide
adequate strength and deformation serviceability for sealing components to resist various
combinations of loads, including:

< Dead loads from overlying seal materials

Thermal loads. due the hydration of the cement and radioactive waste generation

+ Differential volumetric expansion. due to placement methods, cement hydration,
temperature changes, and differences in selected material properties

« Liquetaction and consolidation of backfill, due to seismic events.
o A backfill that has a specified porosity and grain-size distribution, which will

provide a capillary barrier to unsaturated flow occurring downward or laterally at
stratigraphic contacts.

tJ
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In Chapter 5.0, Appendices 1and J, a series of structural desipn caleulations are presented tor
various combinations of leads.  These calculations suggest that seals should be comprised of
low hydration cement placed under a slight pressure at a low placement temperature and that they
should be at feast 10 m long 1o resist backfill loads.

2.5.2 Seal Material Evaluations

The YMP potential repository sealing program at SNL concentrates on selected cementitious and
carthen-based  materials for sealing  applications  (Fernandez et al, 19870 Hinkebein and
Fernandez, 198Y). Cementitious materials are the primary materials that have been considered
for fracture grouting and borehole seal emplacement. The use of smectite clays (bentonite) is
also being considered, because it is a ubiquitous alteration product it Yueca Mountain, although
it occurs insmall gquantities (Bish, 1988). There are two zones of abundant smectite: one is at
the top of the vitric, nonwelded base of the Tiva Canyon and contains 7 to 3§ percent smectite.
and the other s at the top of the basal vitrophyre of the Topopah Spring Member and contains
5 oS percent smectite (Bish and Vaniman, 1985). The discussion below summarizes the logic
that wis used to select specitic, cementitious-based grouts. Geochemical, thermomechanical, and
fracture aperture considerations are also discussed.

Unlike the smectite clay, the cementitious material, including the grouts, are not indigenous to
the voleanic tifts. The SNLOYMP potential repository sealing program developed cementitious
matenial that are similar in bulk chemistry to the tuffs and contiain enough reactive silica present
i the mintuie to react with the caleium hydroxide to form a more stable calciumesilica-hydrate
(C-S-1h tLicastro et al., 1990). Laboratory analyses conducted under the SNLYMP potential
repository sealing program show  the instability of cttringite, an expansive agent, above
approximitely 100°C, but that tobermorite, a C-8-H, is present up to as high as 300°C (Scheets
and Roy. 1989). Based on these results, the strategy is to minimize the presence of ettringite and
reduce the presence of calcium hydroxide by including enough silica to form a C-§-H such as
tobermonite, '

To gain a greater understanding of the chemical alteration of cementitious material, the computer
code EQINR/EQO (Wolery, T983) was used to simulate the geochemical alterations of three
cementitious materials in the presence of water and tff (Hinkebein and Gardiner, 1991)
temperatures ranging from 25 1o 76°C. Two of these materials were variations of an ordinary
portland cement (OPC)-based concrete, and one was a variation of an euringite-rich concrete.
Chemically the three concretes were described as an OPC-B concrete with a balance of silica and
calcium, an OPC-C conerete that is calciumerich, and an expansive portland cement (EPC)-S
concrete that contains silica and ettringite. - Hinkebein and Gardiner (1991) concluded that
citringite or excess portlandite decomposes to open the concrete structure and that excess silica
reacts with hydrogarnet to tighten the conerete structure. Also, the analysis shows that OPC-B
containing @ balance of calcium and silica produces the least volume change.  The analysis
suggests the least madification to the overall structure and the resulting permeability for the
OPC-B grout.
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In these caleulations, the C-S-H gel wis madeled as 14-A tobermorite, considered a reasonable
substitute for the C-S-H gel, because the thermodynamic differences between the behavior of C-
S-H gel and wbermorite may be less than | pereent (Atkinson et al., 1987). It was turther
assumed by Hinkebein and Gardiner (1991) in their model that thermodyanamic equilibrium
between the cement and pore witer was naintained.  With this assumption, the degree of
dissolution or precipitation predicted by the model is dependent upon the volume of water
equilibrated with a given volume of cement. and is independent of reaction rates or surface areas.
The equilibrium assumption is conserviative in the sense that it will maximize the amount of
dissolution predicted to occur in cements that contain ettringite or excess portlandite for water
that contacts the cement. The information from Hinkebein and Gardiner (1991) can be applied
G Tollows:

e The development of a4 C-S-H gel was preferred to development of o more
thermadynamically stable fie., less reactive) cementitious material.

« Tobermorite could be used to approximate the behavior of a C-S-1 gel.

« Geochemical analyses showed that balancing of the calcium and  the silica
composition of a cementitious sample results in a material undergoing the least
volumetric change.

¢« Material containing exeess ettringite and calcium resulted in the most volumetric
change.

+ Tobermorite was observed at temperatures as high as 300°C,

Gieochemieal criteria for the formation of cementitious material were developed for use in the
sealing program. These criteria are presented below:

»  Minimize the development of ettringite by selecting i cement that has a low sulfate
content.  (Ettringite is a sulfate-bearing cement phase in concrete.)

« Achieve a Ca/St molar ratio of 0.83 or a Ca0Q/SiO, mass ratio of 0,77, consistent
with the composition of tobermorite, CaSi,0,.¢10.5H,0, by adding reactive silica.

The second consideration was based on o degradation model, developed by Hinkebein (1991),
In his evaluation he considered thermal-mechanical, mechanical, and shrinkage concerns., The
abjective of the model development was to assess factors that would have a tending to “open up”
the scal structure, i, increase the porosity, thereby increasing the permeability.  General
conclusions reached from his study were that high-quality cementitious sealing materials may be
achicvable by controlling the sealing material composition.  Further, it was concluded that the
amounts of gypsum. portlandite. and unreacted cement phases must be also controlled,  If
ductility is required in a seal. higher water-to-cement ratios and lower aggregate fractions are
preferred.  In this case, strength would also be reduced.
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In the following sections, preliminary grout/concrete formulations are proposed. Because scoping
laboratory analyses have not been performed to verify required flow characteristics, the reader
is cautioned on using these formulations as final mixtures.

2.5.2.1 Borehole Seal Formulation and Placement Considerations

In this section, two cementitious formulations are presented: (1) a standard grout formulation
for sealing fractures with apertures greater than 1 em and borehole seals and (2) a standard
conerete formulation for placement in the larger cross-sections of the boreholes. Formulation 84-
12 (Licastro ct al., 1990) was used as a starting point for the cementitious formulations. Changes
were then made to the formulations to achieve the geochemical goals defined in the previous

section,

Class H cement has a lower sulfate content than Type K cement and therefore will reduce the
amount of ettringite formed during hydration. Class H cement is a coarser grind and thus reduces
water demand for the sume flow characteristics. This allows a lower cement content to achieve
the same strength. The coarse grind also results in a slower rate of hydration during the first few
days and therefore a lower rate of heat generation.  This is particularly important in large mass
pouts.

Reactive silica products (silica fume, silica flour, and slag) are included to maximize the amount
of C-S-H produced and reduce the free Ca(OH), in the hardened state. The reactive silica and
lower water demand of the cement results in the reduced porosity of the grout and concrete. The
higher silica content is also likely to be more compatible with the high silica content of the
Yucca Mountain tuffs.  The compositions of recommended grout and concrete (84-12R2 and
S4-12CR 1) are listed in Tuable 2-4.

Changes in the Ca/Si ratio were made by increasing the silica flour and reducing the slag (while
holding the cement and silica fume constant between 84-12 and 84-12R2). Silica fume was kept
constant because of its extreme fineness. In the concrete with a lower cement content, the
relative amounts of cement and reactive silica were kept constant to maintain the Ca/Si ratio wt
0.77. For the Ca/Si ratio calculations, the following chemical compositions for the cement and
reactive silica were used:

Material Cao (%) SiO, (%)
Class H cement 64.1 22.27
Silica tume 0.1 96.0
Silica flour 100.0
Slag 4464 32.68




Table 2-4

Composition of Grout and Concrete Formulations

Component 84-12R2 84-12CR1
Weight percentage of total mixture
Class H cement 18.1 12.3
Water 17.9 10.9
Silica fume 4.1 2.8
Silica flour 12.6 8.5
Slag 21.0 14.2
Silica sand (20-40 mesh) 26.0
Concrete sand 16.4
Aggregate (3/4” MSA) 34.5
Dispersant D-65 0.3 0.4
Defoamer 0.1 0.02
100.1 100.02
Weight in b/t
Class H cement 23.5 17.6
Water - 23.2 15.5
_Silica fume 5.3 4.0
Silica flour 16.3 12.1
Slag 27.2 20.3
Silica sand 33.7
Concrete sand 23.4
Aggregate (3/4" MSA) 49.2
Dispersant D-65 0.4 0.6
Detoamer 0.1 0.02
Total 129.7 142.72
Water/cement 0.99 0.88
Water/reactive solids 0.32 0.29
Ca/Si 0.764 0.77




In future use of these formulations, the same CwSi ratio can be achieved (when the actual
chemical compositions of cement and reactive silica products are determined) using  this
technigue.

The dispersant (D19, DOS, or CFR-2) is in the mixture to enhance the "wetting” ability of the
water in lubricating the surfaces of the soil particles.  Dispersants are modified naphthalene
sulphonate formaldehyde condensate, solubilized in a special carrier and containing no calcium
chloride. ‘The defoamer is in the mixtare to reduce foaming of the coarse cement during the
mining process. Itis a blend of proprictary ingredients and is used in very small amounts.

The grout 84-12R2 should have a flow through the standard U.S. Corps ot Engincers (COE) tlow
cone of 12 to 15 seconds. This would enable it to be pumped into place through the stundard
moyno or centrifugal pumps. Minor adjustment of the water and/or dispersant in the mixture can
be made to reach the required tlow characteristics. The theology of concrete is measured by the
slump cone. Conerete should have a slump of 4 to S in. for pumping and be placed in seals
where consolidation can be achieved by concrete vibrators. For inaccessible parts of & seal, the
slump should be increased to about 9 to 11 i of "flowing concrete.” which can also be achieved
by the addition of water and/or dispersant.

Waorking time for both grouts and concretes in most field applications should be about 3 hours
trom the start of mixing. “The temperature of the mixture affects the rate of stiffening. For most
applications, a mixture temperature of 65 to 75°F will reduce the problem. The addition of
Plastiment at a tate of 2 o7 per sack of cement will also reduce carly stiffening, because of its
retarding effect on hydration of cement particles during the first few hours. The grout 83-12R2
1s o suitable sanded grout for filling all boreholes, both vertival and horizontal, because it can be
pumped into place.

The physical properties of grout 84-12R2 should be within 10 percent of those listed in Table 26
of SAND 86-0558 (Licastro et al., 1990).  For the concrete 84-12CR1, the unconfined
compressive strength should be about the same (110 to 140 MPa). Static Young's Modulus for
S4-12CRT should be about 10t 20 percent higher than the grout---about 10 to 11 GPa. The
bulk density for the concrete should be about 2,18 g/ee, and the porosity should be about 6 to
N pereent.

Standard concrete mixers are suitable for mixing the 84-12CR 1 concrete. The inside of the mixer
should be clean, and the mixing vanes or blades should not be worn down. Because of the
relatively large amount of cementitious fines in the formulation, the cement. reactive solids, and
dispersant should be weighed and then blended together before introduction into the mixer. The
mixer is then loaded with water, the blended cementitious material is blown into the mixer while
the mixer is being rotated at maximum speed. and the sand and aggregate are loaded in the
normal matter.
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Mixers for the grout 84-12R2 should have a high shearing action. The size of the plug will
dictate the size of the mixer. Sizes range from the small 6-ft* grout mixer to the large capacity
MX and “"Lightning”™ mixers. For large volume batches, the cementitious material, dispersant,
and silica sand are weighed and blended together and transported to the mixing site as described
above. For small-volume plugs, cach material can be weighed separately and then loaded into
the grout mixer.

Surfaces should be moistened just prior to the beginning of a placement. The first load dumped
or pumped into a plug should be several cubic yards of a grout slurry mixture of cementitious
material, dispersant, and witer. This will help coat the rock surface and improve the bonding.
For borehole plugs, the hole should be washed to remove any drilling mud. The grout can then

be placed as described.

2.5.2.2 Pressure Grout Formulations and Placement Considerations

An additional consideration in selecting grouting material is the aperture of fractures that need
to be sealed. Cementitious grouts contain cement particles that could clog the fractures, resulting
in limited or no penetration into the fracture.

Sealing of fissures in rock involves the use of grouts that can be pumped into injection holes
under pressures high enough to move the grout but not so high as to cause additional cracks in
the rock. Recent development of microfine cements has provided a material that has SO percent
of its particles less than 4 pm, with the largest approximately 13 pm for MC-500.  Microfine
cement grouts have been used in sealing fine fractures at NTS. in commercial field applications,
in research studies at MeNary Dam, and in research studies at the COE Waterways Experiment
Station, The Cia/Si mass ratio is 1.53 for MC-500 microfine cement.  Studies at the Waterways
Experiment Station have shown that addition of high silica fines (which would lower the ratio)
cuts the strength significantly. Adjusting the Ca/Si ratio for the microfine cement pressure grouts
is not recommended. Table 2-5 lists the formulations for two pressure grout formulations using
the microfine cement MC-500 PG-1 and PG-2. The major difference between PG-1 and PG-2
is the water/cement ratio (higher for PG-1 to increase the fluidity). PG-1 should be used for fine
fissures having apertures of about 10 to 100 pm. PG-2 should be used for fissures having
apertures of 100 pmy to about 1 mm,




Table 2-5
Microfine Cement Grouts

PG-1 PG-2
Microtine Cement MC-500, kg 80 80
NS 200 (Dispersant), liters 0.7 0.7
Water, Iters 160 80
Yield, iters 187 107

For fissure apertures greater than about 1 mm, the use of Class A portland cement grout is
recommended for pressure-grouting. Pressure grout formulation PG-3 s a neat Class A cement
grout for use in pressure-grouting fissure apertures of 1 mm to 1 em. Pressure grout formulation
PCi-d includes the addition of silica sand and is suitable for pressure-grouting fissure apertures
preater than 1 em. Aqua gel (a fine bentonite clay) is included in the formulations to reduce
settling of the cement grains and sand particles (bleeding) (see Table 2-6).

Table 2-6
Portland Cement Grouts

PG-3 PG-4
Cement, Class A, Ib. 46.9 400
Gel, Ib. 0.9 2.0
_Sand (20-40 mesh). lb _ 229
Dispersant, D-65. Ib. 0.14 0.2
Plastiment, {l. oz. 1.5 1.6
Water, Ib. 46.9 40.0
Density 94 4 b’ 105 1 Iptt’
Water/cement 1.00 1.00
| Ca'Si 3.0 30 .

It desired. the Ca/Si ratio can be adjusted by adding silica fume and silica flour o the
Pressure grout formulation PG-5 is comparasble to PG-3 for field use. and

formulations.

formulation PG-6 is comparable to PG-34 (see Table 2-7).
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Table 2-7
Adjusted Portland Cement Grout

PG-5 PG-6
Cement, Class A, ib. 30.7 253
Silica Fume. Ib. 6.1 51
Silica Flour, Ib 12.8 ' 105
Gel. Ib. 0.6 1.6
.—Sand (20-40 mesh), Ib —_ 27.9
[Slspersam. D-65. b v.1 0.1
Plastiment, {1 oz. 1.3 1.6
Water, Ib 44.7 36.4

95.0 by’ 107.3 bt

—-V:l:"m:nCement ) 1.46 1.45
Water‘reactive solids 090 0.90
Cas 0776 0.77 ]

2.5.3 Grout-Bulb Effectiveness

Consideration is being given to placement of @ grout bulb around a primary seal, with an
objective of reducing the likelihood that water could dissolve the seal. The following discussion
provides a qualitative discussion of tactors potentially affecting the durability of grout bulbs.

Several grout formulations have been specified for sealing boreholes that extend into the
proposed potential repository horizon at Yucca Mountain,  The longevity of the planned grout-
bulb seals will depend on many site-specific factors, including the following:

«  Condition of groundwater saturation (i.e.. unsaturated or saturated) at the horizon of

seal emplacement
«  Chemical composition of groundwater that may contact the grout-bulb seals
« Permeability of the grout-bulb seals

+ Kinetic rates for dissolution of grout minerals, precipitation of secondary phases, and
exchange reactions

«  Temperature of the groundwater/grout/gas system

+ Fugacity (partial pressure) of carbon dioxide in gas contacting the scals,




Although data are available on groundwater composition and expected seal temperature,
quantitative analysis ot seal longevity reguires data on groundwater infilttation ttes, penmeability
of grout bulbs, hinetic tates tor dissolution, precipitation, exchange reactions, and tugacity o
carbon diovide atter the potential repository is sealed. These data are currently unavalable,
Theretore, i qualitative discussion of seal longevity is presented here to provide contrast tor
vatiety of conditions that nay deselop at the proposed repository. This gualitative assessment
establishes a number of scal-degradation scenarios and identifies the type of data needed for a
quantitative assessment of the scenarios,

The puncipal factor atfecting grout-seal longevity  will be the absence or presence of
groundwater It current unsaturated conditions prevail into the distant future, these will he Tittle
inpetus tor chencal degradation of the grout seal in the absence of water. However, unsaturated
condinons do not rale out intermttent periods of saturiation that may occur if infrequent surface
Hoodimg sends anantiltating groundwiiter pulse to the seal and potential repository horizon,

I tutre site charactenization predicts that saturated conditions can prevail at the seal and
patential cepository hortzon tor an eatended period of time, assessiient of  the chemical
degradation requires dati on groundwater composition, Kinetic rates tor dissolution, precipitation,
evchange reactions, permeahility of the grout, temperature of the groundwater/grout/gas system,
ad fugacity o carbon diovide. (AN noted above, Kinetic rates, permeability, and fugaciy data
are unavilable)

Assuming instantaneous hinetic rates for dissolution, precipitation, and eachange reactions,
thermaodymamie dati and computer madels can caleulate the dissolved grout minerals and
precipitated secondary phases. These caleulations can be applied to a range of temperateres and
tugacities 1o bracket the expected grout-degradation conditions.  Using these caleulations and
varsing the pesmeability of the grout, it can be shown that the surface area of grout exposed to
proundwater determines the longevity of the seals. If groundwater contacts only the leading edpe
of the grout Goel, the grout is pmpermeible), the seal longevity will be greater than that of one
composed of penncable grout. Beciuse the grout is designed te provide an effective seal against
fluid migration, it is less permeable than surrounding rock and can be considered impermeable
for assessment purposes. Therefore, grout-degradation conditions are most realistic tor
groundwater contacting the feading edge of the grout, and temperature and fugacity variation is
assessed tor this condition,

Temperature in the vicinity of the seals has been estimated as high as X7°C. Al other factors
being equal, an increase in the temperature of the gproundwater/seal/gas system will probably
degrade the grout more rapidly by increasing the hinetic rates of dissolation, precipistion, and
eachange reactions along the leading edge of the grout. In general, these temperature-enhanced
reactions degrade the grout by increasing the porosity and permeability along the leading edge.
resulting in greater grout-surface area exposed o groundwater. Conversely, increasing
temperature in the absence of sroundwater will enhance kinetic rates for formation of calcium.
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aluminum-silicate phases in the grout, resulting in shorter curing time and better short-term
durability.

The tugadity of carbon dionide is an important factor in saturated and unsaturated seenarios. For
unsaturated condittons where gas containing cubon diovide contacts the grout, the following
reaction between portlandite and carbon diovide is thermodynamically tavored:

CatOlh, » €COL = CaCO, + HLO.

Althougl, aus reaction resulis i sohd solume increase of about 4 cubic centimeterns per mole
(e prout potosity s decreased), water is an undesirable product that can act as a leachant tor
tuture degradation reactions. This reaction can be controlled by minimizing porthandite formation
i erout through the addition ot silica ture, silica our, or slag. These sihca additives react with
porthandite e torm more stable calciumesilicate phases (e.g., tobermornter, and all @ ¢ included
i proposed seal grouts o nuninize the formation of free porthdite. Theretore, mininuzing
portlandite tormation will be eftective i controlling grout degradation when unsaturated

conditons presand

I satutated conditions e st at the seal honizon, the followng reaction between cathon diade
and groundwater s important:

CO, + 1,0 = HCO, + 1

This seaction produces bicarbonate and  hydrogen ton. which results inoa lower phe tor
vromndwater and increased chemical degradation of grout in contact with the proundwater. The
hydiogen jon reacts readily with hydrovide-bearing grout phases to form water and tree metal
s, Therefore, fecreasing the pHoof the groundwater enhances ity capability to serve as o
feachant tor grouted seals. 1t saturated conditions are @ probable scenario for the seal honzon,
the tupaaity ot carbon dionide should be minimized by elimmating sources in the waste. There
s no sigmiticant source for carbon dionide in the voleanic rock that surrounds the proposed

Tepositony site

This briet quaiitative analvsis suggests that grout seals placed in an unsatarated zone will perform
well when silica additives are combined with the grout to minimize the formation of free
pottiandite.  If saturated conditions are shown to have a reasonable probability of occurring. the
grout scals will perform well when the grout permeability is lower than the surrounding rodk.,
temperatutes in the vicinity of the grout seals are minimized. and waste sources for catbon
dionide are ehiminated or minimized.



2.5.4 Avallable Technologies to Seal Boreholes
One of tae abjectives of this report is to review the technologies available to place seals in
boreholes. Chapter 6.0 includes a review o, tasks needed to place seals, These tsks are as

tollows:

«  Removal of freestanding casing and borchole materials, if present
« Reconditioning of the borchole wall

o Sclection of seal matenals

o Emplacement of seals

As discussed i Chapter 6.0, techuologies are available to accomplish all of the tasks wdentitied
above. However, some ditficulty may occur in removing materials in selected boreholes. In this
tegard. sealing concerns should be taken into account before drilling proposed boreholes, The
tolloswang conclustons are included as part of the borehole sealing strategy:

< Muaintain detailed construction - .ocumentation
« Select dnlling methods, if possible, that will reduce wall-cake build-up
«  Select drilling methods, i passible, that will result in better well condition

< Mumimize risk of losing drilling tools and “junk™ in the borchole, e.g.. deselop a
protocol for tool inspection: make routine field inspections intermittent with
downhole operations

«  Udlize materials that are relatively casy to remove through fishing or milling
« Limit number of exploratory borcholes.

Other conclusions, which are an outcome of this review, involve the testing wnd quality control
ot cementitious plugs. These recommendations include performing the following:

« Adherence 10 APL-published specifications

+ Laboratory testing of “bonding” to host rock

«  Sample testing program during field application
» Verification of scal placement and curing

« Performance testing in a sclected test hole.

The current state of the art in seals testing, as discussed in Chapter 6.0, assumes a structurally
stable seal capable of supporting weight satisfactorily tests a seal. While there exists a
relationship between structural and hydrologic/airflow performance, this aspect of available
technology testing for seal quality is considered inadequate. Therefore, performance confirmation
testing of borchole seals would be necessary,




Preliminary concepts have been presented by Fernandez et al. (19913) for 1smote borchole seal
testing.  As discussed by them, the testing would be performed using transicat or steady-state
methods to satisfy a test performance objective, such as the following:

L«
AT

where

Q = Towl flow rate through u seal system parallel to the seal axis (MPZ, interface
sone, and seal) during the test '

AH = Change in potential or head loss through the seal system during the tests

¢, = Required conducrtance as determined trom potential repository or seal design
studies. The required conductance is proportional to the product of the hydraune
conductivity and seal ares and inversely proportional to seal lenpth,

2.6 When to Seal
At the time of seal emplacement, access needs to be maintained at preterred sealing locations to
prevent the following:

o Collapse of the casing

« Accelerated corrosion of casing, due to collapse of the formation around the casing
(which would result in higher corrosion rates than those for atmospheric corrosion)
and due to potential synergistic etfects between stress and corrosion

« Collapse of the open borehole at sealing locations atter casing removal,

The high-temperature envitonment at the potential repository horizon could result in casing
futlure prior to sealing or tailure of the open borehole during sealing that would limit access o
the lower sealing locations. Even for cased boreholes, the higher-temperature environment might
increase formation stress and result in formation collapse against the casing and aceelerate
corrosion,  These considerations suggest casing removal and scal placement prior 19 waste
cmplacement to assure the placement of high-quality scals.

2.7 Summary

In the preceding discussion. borehole performance goals were stated and scenarios were
developed for evaluation.  Conceptual designs were developed based upon the sealing
comviderations—where boreholes should be sealed, where preferred sealing locations exist, when
seals should be emplaced. and how sexls should be emplaced. These issues and conclusions are
summarized in Table 2-K.
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Table 2-8
Summary of Conclusions

—— ="

Sgnihcance

Signdicant boreholes are within and close to the edge ol the potential repository

Deep boreholes are potentially more important than shallow boreholes

. Whento Seal

Seal deep and signdicant boreholes within *he potential repostery boundary betore
waste emplacemant

TN

Whete to
Seal

Place seals away from high-temperature zones near the potential repostory

Place pnmary seals (cementitious seals) where hole condtions are good or
excellent

+ Pamtbrush tutt norwelded to partially welded zones
+ Upper pan of Topopah Spring Member
+ Calico Hills witric and zeolitic zones.

Place earthen materials in selected fracture areas. in partially saturated zones not
in primary seal area (10 dissipate porewater pressure), and in high-temperature
areas

How to Seatl

Use low-pressure squeezing 10 develop compressive siress at the interface zone

Inctease length o! plug up to 10 m to resist static, dynamuc, and thermal loads (see
Appendix J).

Lower the temperature of grout by reducing the heat ot hydration and prechidiing
materials (see Appendix I).

Remove all freestanding casing.

Seal
tMatenals
Selection

Use a ngd cementtious seal where structural performance 1s desired
Avoid placement of cementitious seals in high-temperature environments.
Enhance stability of cementitious seals:

+  Minimize leachable phases, portlandite Ca(OH), and reactive alkalis. NaOH,
and KOH by adding excess reactive silica (silica flour and slag)

- Reduce ettringite formation by selecting a cement with a low sultate content.
Use carthen materials {clay and crushed rock) as a seal in highly fractured areas.
Avoid placing cementitious and clay seals together, d possible

Where both are necessary. use a cakic form of clay and‘or use a grout tormulation
that will not release calcium.
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3.0 Description of the Exploratory Borehole System

This chapter contains a more complete deseription of the exploratory borcholes, emplacement
locations, and environmental conditions at Yucca Mountain, There are approvimately 191
existing and 322 proposed boreholes, varying in depth from very shallow (8 10 10 very deep
Y6000 1. The borehole diameters vary from 3 to 48 in. This chapter and Appendices AL B, and
" contain the following information:

* Adesenption and location of the exploriatory boreholes (Section 3.1
* A construction summary of the existing boreholes (Appendices A and B)

» General and specific problems (debris in borehole) encountered in boreholes
(Section 31 and Appendin A

+  Geology and hydrology (Secton 3.2 and Appendin )

« The environmental conditions encountered  within and i the vicinity ot the
boreholes, including in situ stress (Section 33,1 temperature states (Section 3.3 2,
and properties of the rock mass (Section 3.3.3)

+  Borchole wall con 'itions (Section 3.4)

« Auroconductivity models and variability of welded  and  nonwelded  umits
(Section 3.5).

This information provides the basis for performance and design calculations and the validation
of the borehole sealing strategy.

3.1 Description of the Exploratory Borehole System

Existing and proposed exploratory borehole locations are shown on Figures 3-1 through 3.7
Their locations are displayed according to their depths. For eaisting boreholes, the difterent
categories for depth are less than 100, 100 to 499, 5060 10 Y99, and 1,000 ft and greater. For
Inuprascd Docmoes, the depth caicgories are less than 100, 100 to 396 and 500 1 ana greater.,
All figures display the potential repository boundary and the outline for the restricted zone, which
is defined in 10 CER 60.2 as "any areas access to which is controlled by the licensee for the
purpose of protection of individuals from exposure to radiation and radioactive materials.”

The restricted area is placed on figures for reference only to show the location of the borehole
relative to the restricted area. Table 3-1 Tists the number of proposed and existing boreholes by
type and location, within and outside the potential repository boundary, A summary description
of the existing exploratory borcholes is given below.,
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Figure 3-1
Existing Boreholes Less Than 100 Feet Deep (SAN0092)
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Figure 3-2
Existing Boreholes 100 to 499 Feet Deep (SAN0093)
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Figure 3-3
Existing Boreholes 500 to 999 Feet Deep (SAN0099)
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Figure 3-4
Existing Boreholes Greater Than 1,000 Feet Deep (SAN0098)
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Figure 3-5
Proposed Boreholes Less Than 100 Feet Deep (SAN0094)
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Figure 3-6
Proposed Boreholes 100 to 499 Feet Deep (SAN0O09S)
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Figure 3-7
Proposed Boreholes Greater Than 500 Feet Deep (SAN0O096)
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Table 3-1
Number of Existing and Proposed Boreholes by Category and Location

Existing Proposed
Witun Potential Outside Pctental Withun Potential Outsidi Pctental
Cateqgory of Repository Repository, Inaide | Outsidw Rastnctad Repository Repository. insde | Outside Rastncted
Borehola Boundary Restncted Arna Area Boundary Restncted Area Arma Total by Cateqory
uz 4 ) - 6 10 - 25
uzh 3 52 2 3 6 1 97
uznC - 2 - - - - 2
wT 1 10 5 - 5 3 23
A 1 3 - - - . 5
c - 3 - - - - k)
H 2 3 - - 1 - 6
G ' ) - - - 4 10
P - 1 - - - - 1
8 - 1 - - - - '
RF - 12 - - - 12
SEISMC - 38 5 - - - 13
sp* - - 5 b - 12
FMN® - - - 2 1" 13
LPRS* - - 0 10 - 140
SPRS’ - - - 2 60 - 92
NRG* - ' - - 5 - 6
sTC' - - ] - - 4 4

Reter to tootnotes at end of table
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Table 3-1 (Continued)
Number of Existing and Proposed Boreholes by Category and Location

Eusong

Proposed

Witun Potsntial

Outsi0e Pctuntal

Witun Potential

Outsidn Potengal

Catngory of Rapository Rupository Inside | Outtids Rustngtiad Repository Rupository Inaide | Outtioe Restncted
Borehole Boundary Rustncted Area Arma Boundary Restnctnd Araa Area Total by Category
SRG* - - - 1 4 - 5
v - - - - 5 5
PH* - - - - 6 6
1SS’ - - - - 1 '
Total by Locaton 42 137 12 "7 220 25 51

*SD = Systemabtc dnfhng program boreholes
*FMN » Forty mile Wash mcharge borsholes

“LPRS « Lalgo~pl6! rantall amulaton boreholas
*SPRS = Smafl piot ranlall simutadon borshoies
*NRG SRG « Surface tacility dnll holes

'STC = Southern tracer complar studivs

Y « Volcame dnil holes

*PH = Calate sikca studws boreholas
1SS = In uty stress dnt hole
Other borshole 1Wenthers are referred 10 1n the tect




Unsaturated Zone Holes (UZ). The UZ objective is to obtain information on the hydrologic
properties, moisture content, and moisture potential in the unsaturate.! zone. Nine existing holes
fall in this category. They range in depth from shallow (57 ft) to deep (1L887 1), with diameters
rianging from 30 to 48 in. at the surface to 3,94 in, at depth. The deeper holes have casings that
are fully grouted down to about 40 ft, and in only one case, a separate casing is spot-grouted
324 fi. For the deeper holes, the casing is generally spot-grouted at the base of the casing.
Typical drilling techniques include reverse air vacuum, ODEX 115, or ODEX 165 systems. The
circulating medium i< air.

Unsaturated Zone Neutron Holes (UZN). The UZN aobjective is to characterize the present
infiltration processes and rates within the surficial materials of Yucca Mountain,  The UZN
category includes 87 existing borcholes, ranging in depth from 20 to 150 fi, typically with a hole
diameter of 6 in. Typical casing is not grouted in place. Typical drilling techniques include the
ODEX 115 system. The circulating medium is air.

Water Table Holes (WT). The WT abjectives are to determine the potentiometric surface at
Yucca Mountain and to characterize the chemistry of the groundwater. The WT category
includes 16 existing bareholes, ranging from 1,100 to 2,100 ft deep. that. as the name implies,
penetrate to the groundwater table. The casing is grouted near the surface, usually less than 220
ft from the surface: however. one existing hole has a casing grouted up to 250 ft from the
surface. In all cases except one, 2.875-in.-OD tubing with a 12-in. screen is landed on fill at the
bottom of the hole. Usually the hole varies in diameter from 15 in. at the surface to 8.75 in.
depth. Tvpically the holes are drilled using conventional rotary techniques with air foam.

Hydrologic Holes (H). The H objective is to characterize the hydrologic properties of rock,
including fracture and matrix properties. Five existing boreholes fall into the H category, which
are cither 4,000 or 6,000 ft in depth. The holes are typically 48 or 36 in. in diameter at the
surface and are 8.75 in. at the bottom. The fully grouted casing usually extends over a distance
of less than 330 fi. Typically, the deepest casing will be set with grout at the bottom of the
casing, which can occur as shallow as 1,840 ft and up to 2,585 ft. The holes are drilled using
conventional rotary techniques and air foam.

Exploratory Geologic Holes (G). The G objective is to determine the vertical and lateral
variability and emplacement history of stratigraphic units within the Yucca Mountain area. Six
cxisting holes fall in the G category., the majority of which range in depth from 2,649 10 6,006
ft. however. one hole is only 551 ft in depth. ¢ asing extends to depths of about 2,600 ft. The
surface casing is generally grouted to a depth of less than 40 ft, with two decper holes with
casing grouted to 280 ft. The deeper casing is not grouted over the entire depth: it is spot-
grouted at the bottom of the casing. Hole sizes range from 23 in. in diameter at the surface to
2,98 in. at depth. Typical drilling techniques include conventional rotary using bentonite mud.
polymer mud. and air foam.




Potential Repository Facllity Holes (RF). The RF objective is to obtain basic engineering
propertics of the soil and rock in the vicinity of the surface facilities. There are 12 existing
potential repository facility holes, typically shallow in depth. ranging from 60 to 306 ft. The
diameter of the holes is typically 9.875 in. at the surface to about 3.94 in. at the bottom of the
hole. The casing cxtends over most of the hole depth; however, in three holes, PVC pipe wis
grouted in place. Typical drilling techniques were conventional rotary and ODEX using air foam,
polymer mud, gel, and polymer and water.

Seismic Holes. The abjective of the seismic holes is to characterize the geologic structure of
the Yucea Mountain arcas. There are 43 holes in the seismic category. Twenty-one borcholes
have diameters of 8.75 in. over the entire depth with 6-in. flexible plastic tubing placed over the
entire length, The other holes are typically 200 ft in depth, 6.25 in. in diameter over the entire
depth, and cased with PVC pipe over the entire depth. No grout was used in either category. and
all, because of the nature of the hole, were backfilled and shot.  Typical drilling techniques
include conventional rotary using air foam.

A Holes (A). The objectives of A holes are to examine the subsurfuce stratigraphy and
lithologic variations. determine the distribution and nature of structural discontinuities, and obtain
limited hydrologic information. There are five existing borcholes in this category. ranging from
500 to 2,500 ft in depth. Hole size depends on the depth of the hole and ranges from 17.5 in.
at the surface to 2.98 in. at depth. Maximum depth at which the casing is grouted is 138 f1.
Hydril™ tubing, 2.375 in. outside diameter (OD), and NQ rods extend to depth in some of the
holes.  Many holes are 10 to 12 years old. Typical drilling techniques include conventional
rotary using bentonite mud, revert mud, and/or air foam as the circulating media.

B Hole (B). The objective of the B hole is to determine the geologic and hydrologic
characteristics of the tutf sequence penetrated.  There is only one B-hole, which is 4,002 {t in
depth. The hole diameter is 36 in. at the surface and reducces to 8.5 in. at the bottom of the hole.
The casing extends to 1,705 ft and is fully grouted 35 ft from the surface. The two casing
segmenis extending below 35 ft are spot-grouted at the base.  This hole was drilled using
conventional rotary and air foam.

C Hole (C). The objective of the C holes is to determine the hydrologic characteristics of the
tff unit penetrated.  Only three holes of this type exist, and they extend to 3,000 ft. Casing
extends to approximately 1,365 ft; however, surface casing is fully grouted to less than 368 fi.
The second casing, which extends below the grouted casing at the surface, is only spot-grouted
at the bottom. The holes are large at the surface, 36 or 44 in., and reduce in size to 9.875 in.
These holes were drilled using conventional rotary techniques and air foam.

P Hole (P). The primary objective of the one P hole is to obtain information about rocks of
Palcozoic age assumed to underlie the volcanic, tertiary rocks. The secondary objective is to

obtain geohydrologic information on these. There is only one palcozoic hole, which is 5.923 ft
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in depth. The hole diameter is 30 in. at the surface and reduces to 6,125 in, at the bottom. The
casing extends to 4,256 {1, and the surface casing is fully grouted down to 341 ft. The second
casing is spot-grouted at 1,564 ft. and the final scgment of casing extends from 1,487 to 4,256
ft and is grouted in multiple places. The hole was drilled using conventional rotary technigues
with air foam, water, and polymer mud.

The proposed boreholes include additional UZ, UZN, WT, H. and ‘G holes.  New, major
categories included as proposed boreholes are:

« Systematic Drilling Program Holes (SD). The SD objective is to develop a
three-dimensional characterization of the rock in the unsaturated zone.

« Forty Mile Wash Recharge Holes (FMN). The FMN objective is to monitor

aquifer recharge in Forty Mile Wash during precipitation events.

« Surface Facilities Holes (NRG and SRG). ‘The NRG and SRG objective is to
determine soil and rock properties along the alignment of the north and south
ramps.

« Large- and Small-Plot Rainfall Simulation Holes (LPRS and SPRS). The
objective in drilling these holes is to monitor infiltration under  artificial
precipitation rates.,

« Tracer Complex Studies (STC). The STC objective is to perform tracer pump
tests to characterize geohydrologic units and groundwater flow.

« Volcanic Drill Holes (V). ‘The objective in drilling these holes is to investigate
the origin of four acromagnetic anomalices in Crater Flat and Amargosa Valley.

+ Calcite-Silica Studies (pH). The objective of these holes is to determine the
ages, distribution, origin, and paleohydrologic significance of calcite, and opaline
deposits along faults and fractures,

« In Situ Stress Studies (ISS). ‘The 1SS objective is to perform in situ stress
hydrofracture studies at several locations,

Historically, exploratory boreholes were developed using conventional rotary, ODEX, and
reverse-air vacuum drilling techniques. Depending on the type of hole, drilling fluids, such as
air foam, bentonite mud, and polymer mud, were used. Typically, air is the circulating medium
when the ODEX and reverse-air vacuum techniques are used.  The primary functions of the
drilling fluids are to remove cuttings, stabilize the borehole. cool and lubricate the drill bit,
control fluid loss, drop cuttings into a seuling pit, acquire information about the boring, and
suspend cuttings in the borehole when drilling fluid is not being circulated. Because the drilling
fluid in the conventional rotary technique runs down the outside of the drill pipe, the drilling
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fluids contact the rock along the entire length of the borehole. Therefore, residual drilling fluids
typically can build up on the wall of the borchole when drilling muds are used.

When using the ODEX systém, the hole is drilled. and the casing is emplaced simultancously.
The ODEX system is an cccentric (off-centered) bit attached to a down-the-hole hammer,
Because the circulating medium is air, no drilling fluids are introduced into the borehole. In
using reverse-gir vacuum, air is introduced into the outside of the drill pipe and returns up
through the drill pipe. This is accomplished by creating a vacuum intemmal to the drill pipe.
Again, no drilling fluids are introduced into the hole.

Drilling of proposed boreholes will be accomplished through the use of the ODEX system,
conventional rotary, and a technique currently under development by the DOE. This technique,
termed the dual wall drilling/coring system, is similar to the dual-wall reverse circulation rotary
method. The circulating medium is air, with the cuttings being lifted up through the center of
the dual-wall pipe. The primary abjective of this technology is to acquire samples that are
representative of the in situ conditions, while minimizing contamination and maximizing the
quality of the borehole,

3.2 Geology and Hydrology

Because exploratory boreholes will be emplaced over a wide variety of stratigraphic units, a
description of the geology and hydrology that is relevant at Yucca Mountain is presented in this
section. The section is divided into three subsections: general geology. subsurface geology, and
rock hydraulic and physical properties.

3.2.1 General Geology

In Chapter 2.0, important features relative to scaling were described. This section describes these
features and their evaluation in detail.  Yucca Mountain is broken into clongated blocks by five
west-dipping, north-striking normal faults. Within these blocks, however, the rock is highly
fracturcd and cut by minor faults. The potential repository is within a block between the
Solitario Canyon fault to the west and Bow Ridge to the cast (Fox et al., 1990). The thickness
of the unsaturated zone is about 5(X) to 700 m (Montazer and Wilson, 1984). The fault block
within the potential repository area has a eastward dip of 5 to 10 degrees. A predominant
northwest-trending strike-slip system also exists. Unconsolidated alluvium found at the surface
exists within the washes that dissect Yucca Mountain. Surface runoff is infrequent and of short
duration, occurring only as a direct result of intense precipitation or rapid snow melt. Further,
the thickness, lithology sorting, and permeability of the alluvium are quite variable. Figure 3-8
illustrates the features mentioned above. Discrimination is made between alluvium and bedrock.
Tectonic features, including mapped, inferred, and concealed faults and tectonic breccia are also
indicated. All of these features are shown relative to the perimeter drift boundary (Wittwer et
al., 1992). The surface is divided for modeling purposes into three infiltration zones—alluvium
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Surficial Geologic Features In the Vicinity of the Potentlal Repository
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(24 percent), sideslopes (62 percent), and ridgetops (14 percent).  The greatest potential
infiltration can occur in the alluvium and lowest along the ridgetops.

3.2.2 Subsurface Geology

The origin of the rocks at Yucea Mountain is predominantly ash flow, although there are also
ash-fall, reworked, and bedded taffs. The various origins of the volcanic tuff result in the rock
having distinctive physical properties, the differences between which form the basis for the
thermal/mechanical stratigraphy (Figure 3-9). Figure 3-9 also shows a subdivision of the formal
stratigraphic unit. Detailed geologic cross sections are provided in Appendix C.

The briel discussion below has been condensed from Scott et al. (1983). Above the potential
repository, the two mijor ash-flow units of the Paintbrush tuff are the Tiva Canyon and the
Topopah Spring Members, Both are comprised of multiple ash flows. Because of the thickness
of the ash flows, the degree of welding and physical properties vary within the unit. Both consist
predominantly of moderately to densely welded tff, and they are compositionally zoned from
high-silica rhyolites at their basal and central portions to quartz latites at the top of the unit to
densely welded caprocks,  Following the subsequent cooling of the ash flow, other effects are
superimposed on the units. These include devitrification, vertical extension of the joints during
conling, alteration to secondary phases by the reactions with pore waters to form zeolites and
clays that are concentrated in the less welded portions of the cooling units, and faults and joints
relted to tectonice events. ‘The Pab Canyon and Yucca Mountain Members are present at the
north end of Yucea Mountain as distal edges of nonwelded to moderately welded sheets that
pinch out to the south and the cast. Where these two members are too thin, they are lumped
together with unnamed bedded wfts, These units and the madifications to the geology. together
with the Calico Hills nonwelded unit below the potential repository, are deseribed in more detail
in Appendix (.

3.2.3 Rock Hydrologic and Physical Properties

Due to cooling processes and different response to tectonic events, the brittle welded and porous
nonwelded tuffs have different physical and hydrologic properties.  Important propertics inclade
the degree of fracturing, porosity, and density of the tuff units.  The abundance of fractures is
a function of both tectonic stresses and cooling stresses. There is positive correlation between
the degree of welding, which influences the mechanical response of the rock to stress, and the
number of fractures. The more elastic (lower Young's modulus or stiffness). zeolitized
nonwelded and partially welded tuffs have as few as 1 to 3 fractures per cubic meter, whereas
the more brittle densely welded tffs have 8 to 40 fractures per cubic meter (Scott et al., 1V83:
Montazer and Wilson, 1984).

Porosity varies over a broad range—1 to 53 pereent. Porosity declines as the degree of welding
increases (Nelson and Anderson, 1992). In general, the following categorization can be made:

+ Devitrified wff: low porosity, high-grain density
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« Vitric, welded tuff: low porosity, low-grain density
« Vitric, nonwelded tuff: high porosity, low-grain density

+ Zeolitized tuff: high porosity, low-grain density (higher than the vitric) (Ontiz et al.,
1985).

Welded tuffs, such as the Tiva Canyon and Topopah Spring Members, are characterized by
relatively low porosities (10 to 15 percent). Nonwelded and bedded tuffs, such as the Paintbrush
nonwelded unit, have higher matrix porosities (25 to 50 percent). Zeolitic alteration in the lower
part of the Topopah Spring Member and in portions of the Calico Hills Unit results in a decrease
in porosity. In the vitric zone, the porosity (25 to 40 percent) is slightly higher than that of the
zeolitic (15 to 35 percent). The porosity of two samples from the vitrophyre unit at the base of
the Topopah Spring Member is only 2.2 percent. A prominent feature is the marked increase in
porosity in the upper portions of both the Tiva Canyon (cul and cuc) and the Topopah Spring
Members (tul). The caprock units near the tops of the Tiva Canyon and Topopah Spring
Members have extremely low porosities (Rautman and Flint, 1992).

Densities in gencral increase as welding increases. Also, variations do occur within units having
similar degrees of welding: for example, there is a trend of increasing particle density in the
upper part of both the Tiva Canyon and the Topopah Spring Members (Rautman and Flint, 1992).

The most significant rock property for this report is the hydraulic conductivity' of the rock unit
that is a function of the degree and nature of fracturing and the porosity of the rock. In general,
the hydraulic conductivity increases as the porosity increases, but the porosity is a poor predictor
of the hydraulic conductivity for a given sample, since the pore space may or may not be
interconnected (Nelson and Anderson, 1992). Because the porosity of the welded tuff is lower
than the porosity for the nonwelded tuff, the hydraulic conductivity is also lower. Typical matrix
and rock mass conductivity values for different rock types are given in Table 3-2.

As summarized by Nelson and Anderson (1992), where zeolites are present, the permcability is
greatly reduced from the permeability of unaltered samples at comparable porosities. This
reduction could be as great as 2 orders of magnitude, as illustrated above.

"The property of hydraulic conductivity is specific for water and corresponds to an intrinsic permeability. For
airflow, the “conductivity” used subsequently for analyses is calculated from the air-fluid propertics (density and
viscosity) and the intrinsic permeability.
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Table 3-2
Saturated, Matrix Hydraulic Conductivity of Selected Tuffs

Rock Type Matrix (cm/s) ) Rock Mass (cm/s)
Densely welded Tiva Canyon | 2.5 x 10?4 12x10**
Paintbrush nonwelded, vitric | 1 x 10®° 1x10*¢
Densely welded Topopah 35x10"° 12x10*
Spring 3x107t0 10*¢
Zeolitic, nonweld and 4x10°t0 1.5x 10°%*

bedded tuffs underlying the
Topopah Spring Member

Calico Hills, vitric 46x10°" 24x10**
1x10°°¢

Calico Hills, zeolitic 93x10°° 24x10*"*

Vitric nonwelded tuft tx10*¢

Densely welded tutt 2.3x10°"°

Nonwelded bedded tuft 1x10*°

A= —

“Sinnock et al., 1984.

"Montazer and Wilson, 1984,

“Scott et al., 1983.

*Winograd and Thordarson, 1975.

The presence of fractures can also influence the saturated hydraulic conductivity of the rock.
Highly fractured, densely welded wiffs have an cffective hydraulic conductivity about § to
O orders of magnitude higher than their matrix conductivity (Scott et al., 1983), or between 10°
o 10° envs (Montazer and Wilson, 1984). Thordarson (1983) measured the saturated bulk rock
hydraulic conductivity over a 120-m section of the Topopah Spring welded unit to be 1.3 by
10" envs. Weeks (Montazer and Wilson, 1984) measured a range of hydraulic conductivities of
the upper 30 m of the Topopah Spring welded unit in borchole UE-25a #4 of 1.2 x 107 to
7.0 by 10 ¢enys. The influence of fractures in the nonwelded tuffs can be considerably less. For
example, the nonwelded vitric tffs have an effective hydraulic conductivity of only about | order
of magnitude higher than their matrix (Scott et al., 1983).

3.3 Environmental Conditions at Key Sealing Locations

This section presents specific information on environmental conditions at the key sealing
locations identified in Chapter 2.0, including the in situ state of stress, temperature, and rock-
miss strength, Environmental conditions are also identified at the potential repository horizon.



3.3.1 In Situ Stresses

This section presents an evaluation of the state of in situ stress at the upper and lower seal
location and at the potential repository horizon as described in the previous chapter. As
discussed in Chapter 5.0 of this report, the state of in situ stress at various seal locations forms
the far-field stress boundary condition used to evaluate stress in the rock for open boreholes and.
subsequently, for cased borcholes.  The state of stress in rock adjacent to borcholes s
subsequently combined with other stresses induced in the rock, such as stresses from seal
cmplacement and backfilling and increased thermal stress.

Bauer and Holland (1987) developed a method for evaluating in situ stress at Yueca Mountain
for a nonhomogencous media. The method utilized finite-clement analysis that takes cross
sections of the mountain parallel to the measured direction of minimum horizontal stress. The
analysis included three types of maodels: (1) an isotropic and lincar elastic model using average
values for a homogencous media: (2) a lincar elastic model using a specificd set of matny
properties for each mechanical unit: and (3) a compliant-joint model using a specificd set of
matrix and joint properties for cach unit,

The madels calculate vertical stress by allowing the model to deform and equilibrate to o solution
under gravity, The maodels include the effects of topography and thermal/mechanical stratigriphy.
In general, the vertical stress at i point at depth is determined by the product of the average bulk
density times the depth of overburden.  The minimum horizontal stress depends on the vertical
stress, the material constitutive model, and the loading and boundary conditions.  With great
depth, and away from free surfaces and topographic effects, the minimum horizontal stress equals
v/(1-v), where v equals Poisson’s ratio of the rock.  Below the groundwater table, pore-water
pressures develop and influence effective stress, Yet, all sealing locations considered in this
analysis are above the groundwater table, and pore pressures do not affect lithostatic stress at
these locations.  Further, the maximum horizontal stress equals twice the minimum horizontal
stress (DOE, 1992).

The results of the lincar elastic calculations are presented in Figures 3-10 and 3-11 for two cross
sections. The results show that topographic effects result in spatial variations in the horizontal
stress field at the elevations of the proposed repository.  Near the ground surface. the analysis
predicts regions of low stresses.

The caleulated stresses compare well with in situ stress measurements and interpretations of
regional tectonies made at this site. The modeling technique provides a means to help understand
the potential variability in minimum horizontal stress that may be encountered in different sealing
locations.

Bauer and Holland (1987) report that calculations of the minimum horizontal stress using a

compliant joint madel do not differ significantly from those using a linear elastic model for a
nonhomogencous media. 1t appears that material anisotropy introduced by the presence of
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vertical fractures s not significant, except in the most fractured areas.  As eaplained
subsequently, these areas are not likely to be sealing areas. As concluded by Bauer and Holland
(1987). both lincar and nonlinear models can be used to approximate measured data for in situ

SIS,

The minimum horizontal, maximum horizontal, and vertical stresses for (cach sealing location
for several boreholes) Gillustrated in Figure 3-12) are presented in Tables 3-3 through 3-5, based
upor the stress profile at the exploratory shaft used in previous design studies. The results show
that the most significant variation is with depth and that the current stress protiles for these
stresses at this location may be used to evaluate stress at individual seal locations.

In summary, the results show that at the sealing location near the Paintbrush/Fopopah Spring
contact. the stresses range from (0.6 to 3.4 MPa. The results show that, for the Topopah Spring
Unit i the potential repository horizon, the stresses range from 2.4 to 9.2 MPa and that at the
Cahico Hillsv/Topopah Spring location, the stresses range from 2.9 to 10,4 MPa,

3.3.2 Temperature

This section presents evaluations of the state of thermal stress at virious sealing locations, As
discussed in Chapter 5.0 of this report, the state of thermal stress forms the far-field stress
houndary condition used to evaluate casing stability and increased rock or seal thermal stress in
subsequent design calculations. After waste emplacement, temperatures within the rock mass rise
due to heating from we radioactive waste and subsequent thermal conduction to the surrounding
rock mass, The magnitude of the temperature rise depends on the spatial location (both in the
vertical and horizontal directions) of the seals near the waste emplacement rooms.  Also, it
depends on other factors, such as the type of waste (spent fuel versus high-level waste), the age
and power of the waste at the time of emplacement, and the schedule for waste emplacement,
The preliminary caleulations (Hardy et al., 1992) presented below were performed for a selected
series of boreholes (illustrated in Fieare 3-13). These boreholes include those within the potential
repository boundary (USW SD-4, LoW SD-6, USW H-5, USW MPBH-2, and USW UZ-6), and
near, but outside, the potential repository boundary (USW H-3, UE-25a #1, and USW H-1). For
cach borehole, the caleulations were performed at the upper and lower seal locations, the
porential repository horizon and at the water table®  These include the upper contact zone
between the Topopah Spring Unit and the Paintbrush Unit, the potential repository horizon, and
the contact zone between the Tapopah Spring Unit and the Calico Hills Unit and the groundwater
table.

The STRESAD computer code caleulates temperatures using multiple planar sources and the
principle of superposition, in that it calculates the rise in temperature at specific locations from
cich source and then adds these contributions together. The code calculates thermally induced

“The locations are approximate in that the model uses a semi-infinite hall space and does not account for Tocal
varations in the elevation of the contact zone for specific borcholes.
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Table 3-3

Summary of Stresses at the Paintbrush/Topopah Spring Contact

Minimum Maximum
Depth to Horizontal Horizsntal
Contact Stress Stress Vertcal Stress
Borehole ID (ft) (MPa) (MPa) (MPa)
USW H-1 332.4 0.72 144 2.09
USW H-3 450.7 0.70 1.41 2.66
UE-25a #1 4221 0.64 1.29 2.53
USW H-5 569.6 0.91 1.82 3.29
UsSw uz-6 585.1 0.92 1.84 3.39
usw MPBH-2 252.6 1.12 223 1.58
UsSw SD-4 246.8 1.15 2.29 1.55
USW SD-6 498.4 0.81 1.62 2.88
Maximum 1.15 2.29 3.39
Value
Minimum 0.64 1.29 1.55
Value

stresses using elastic closed-form analytical solutions for a semi-infinite homogencous, isotropic
half space. The analyses use the themmal and thermomechanical properties for the Topopah
Spring Unit from the Reference Information Base (DOE, 1992).  The calculations considered
times of 10; 35; 50; 100, 300; S00; XY, 2,00, 5.000; and 10,000 years for cach of the borehole

locations.

In addition, the following modeling assumptions are made:

Heat transfer occurs by heat conduction.

The potential repository is situated in.a homogencous, isotropic, and time-
independent medium.

The analysis assumes a constant surface temperature of 19°C,

The analysis models the ground surface as a horizontal plane. The ground-surface
clevation for all borcholes was assumed at 4,500 ft.
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Table 3-4

Summary of Stresses at the Potential Repository Horizon

Minimum Maximum
Depth to Horizontal Horizontal
Contact Stress Stress Vertical Stress
Borehole ID (f) (MPa) (MPa) (MPa)
USW H-1 -— _— —_ —_
USwW H-3 —_— —_ —_ —
UE-25a #1 — _— —_ —_
USwW H.5 1473.2 3.10 6.20 9.21
USW uZ-6 1271.2 2.89 5.78 7.85
USW MPBH-2 1025.1 2.44 4.88 6.23
usw SD-4 1030.4 2.47 4,94 6.26
USW SD-6 1242.6 2.86 5.71 7.66
Mayimum 3.10 6.20 9.21
Value
Minimum 2.44 4.88 6.23
Value

Tables 3-7 through 3-9 summuarize the temperature calculations for several borcholes 60 years
after waste emplacement and at the time of peak temperature. For a heat loading of 57 kW/acre.
the highest peak temperature (80 to 90°C) occurs at the potential repository after 100 to
300 years.  Slightly lower peak temperatures occur at the lower contact zone over a 500- to
LOOO-year period.  The upper contact zone experiences lower peak temperature (46°C) after

+ The analysis evaluated five cases with different local area power densities (LAPD)
and correspondingly scaled LAPDs as presented in Table 3-6.

« The waste configuration assumes the waste canisters are placed in vertical boreholes
in the floor of the emplacement drift. The center of the waste canister is assumed
to be 30 ft below the emplacement drift.

+ For the higher heat loadings (87 and 100 kW/acre), the waste is emplaced in the
northern end of the potential repository.

about 1,000 to 5,000 years.




Table 3-5

Summary of Stresses at the Topopah Spring/Calico Hills Contact

Minimum Maximum
Depth to Horizontal Horizontal
Contact Stress Stress Vertical Stress
Borehole ID (ft) (MPa) (MPa) (MPa)
USW H-1 1411.9 3.05 6.10 8.78
USW H-3 1252.9 2.87 5.74 7.73
UE-25a #1 1461.1 3.09 6.18 9.13
USW H-5 1656.4 2.87 5.74 10.42
USwW uUZ-6 1458.3 3.09 6.18 9.11
USW MPBH-2 1372.0 3.00 6.01 8.52
USW SD-4 1302.5 2.93 ' 5.85 8.06
uUsSw SD-6 1467.5 3.10 6.20 9.17
Maximum 3.10 6.20 10.42
Value )
Minimum 2.87 5.74 7.73
Value

Figures 3-14 through 3-19 present tar-ficld thermally induced stresses for various heat loadings
for USW SD-4 and USW H-§ at the upper contact zone and at the potential repository horizon,
These boreholes were selected because USW SD-4 represented the most severe loading within
the potential repository boundary.  UISW H-5 was selected to evaluate the thermal effects near
the edge of the potential repository, At the potential repository horizon, the results show
horizontal compression of approximately 4 to 16 MPa and slight vertical decompression after
about 100 years.  Radioactive waste heat generation sustains the horizontal compression for
sevenal hundred years, After this time, temperatures decline (from 500 to 10,000 years). At the
upper contact zone, the rock mass experiences a horizontal decompression of approximately 1 to
2 MPa and slight vertical compression. At this zone, the results show a reversal in thermally
induced stress from tension to compression from 300 to 1000 years.  After this time,
temperatures decline gradually (from 2,000 to 10,((K) years).

Other boreholes within the potential repository or near the potential repository boundary show
similar trends in the development of far-field thermal stress. The analysis predicts a smaller rise
in temperature and thermally induced stresses at the potential repository houndary or just outside
of the potential repository boundary. At the potential repository horizon, *he thermally induced
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Table 3-6
Summary of LAPD Cases Evaluated for Selected Seals

Nominal Adjusted Waste Power
LAPD LAPD Age Output Canister | Spacing
Case (kWracre) | (kWlacre) (years) (kW/canister) (®) (m)
1 20 20 30 1.62 39.7 12.1
2 20 20 60 0.96 25.2 7.68
3 57 51.6 30 1.52 15.39 4.69
4 80 72.5 30 1.52 10.96 3.34
5 100 90.6 30 1.52 8.77 2.67
Table 3-7

Summary of Temperatures at the Paintbrush/Topopah Spring Contact

Maximum Temperature

Temperature at 60 Temperature Time

Borehole 1D years (°C) (°C) : (Years)
USW H-5 19.91 28.48 1000
USW uz-6 19.58 20.06 5000
UE-25a #1 24.05 26.53 5000
USW H-1 21.73 23.89 5000
USW H-3 19.18 19.18 5000
USW MPBH-2 22.27 25.09 2000
USw SD-4 21.81 46.22 1000
USW SD-6 20.31 39.22 1000

stresses for USW H-5 (as illustrated in Figure 3-18) show a slightly lower horizontal compression

after about 100 years than shown for USW §D-4, as this borehole is located at the western edge
of the potential repository. A slight vertical decompression occurs during this period. At the
upper contact zone. the analysis shows similar trends as those for USW SD-4. For boreholes at
some distance (UE-25a #1, USW WT-15, USW G-2, and USW WT-1), the analysis predicts
almost no thermally induced effects.
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Table 3-8
Summary of Temperatures at the Potential Repository Horizon

Maximum Temperature
Temperature at 60 Temperature Time
Borehole ID years (°C) (°C) (Years)
USW H-5 77.07 79.78 100
USW UZ-6 23.05 25.15 5000
UE-25a #1 — — —
USW H-1 — — —
USW H-3 — — —
USW MPBH-2 25.44 35.64 5000
USW SD-4 85.19 89.06 100
USW SD-6 84.21 99.78 300

3.3.3 Properties of the Rock Mass

Rock mass strength when combined with loading (ambient and thermal stresses) can be used as
an indication of borchole stability.  The stability of the borehole is itself important as an
indication of where to place seals. Hoek and Brown (1980) proposed a criterion for the
strength of discontinuous rock masses. Laboratory and in situ strength data were compiled and
interpreted according to the following empirical relation:

—_— T+ m— s
6, O, 4« GC
where
a, = Unconfined compressive strength of intact rock
m. s = Constants depending on rock quality
G,. 6, = Major and minor principal stress at failure (ambient and/or thermal)

or alternatively,
_ _ A
tn - A(on ou-)




Table 3-9
Summary of Temperatures at the Topopah Spring/Calico Hills Contact

Maximum Temperature
Temperature at 60 Temperature Time
Borehole ID years (°C) (°C) (Years)
USW H-5 30.71 58.78 1000
USW UZ-6 24.29 26.79 5000
UE-25a #1 29.66 32.68 5000
USW H-1 27.56 31.72 5000
USW H-3 23.51 23.56 5000
usw MPBH-2 28.31 39.06 5000
USW SD-4 28.06 62.83 2000
USW SD-6 28.47 71.11 1000
where
c, = Normalized normal stress (ambient and/or thermal)
o, = Tensile strength normalized to uniaxial compressive strenpth
A. B = Constants depending on rock quality
0,. 0, = Shear and normal stress on the failure plane normalized to uniaxial

compressive strength
1 = Normualized shear stress.

a, = Unconfined campressive strength,
Hoek and Brown (1980) provide a detailed discussion of the factors that influence rock mass-
strength and propose @ method for estimating rock-mass strength from luboratory testing and field
investigations of rock-mass quality. The laboratory testing involves triaxial compression testing
of intact rock over the range of confining pressures expected in the ficld. The test data are then
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Figure 3-14

Development of Temperature and Thermal Stress for USW SD-4

(Local Areal Power Density of 20 kW per Acre) for Seal Locations 1 and 2
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Development of Temperature and Thermal Stress for USW SD-4
(Local Areal Power Density of 100 kW per Acre) for Seal Locations 1 and 2

3-35

Temperature (C)

Temperature (C)



Stress (MPa)

Stress (MPa)

USW H-5 PTn/TSw1 Contact
LAPD=20 Kw/acre and Waste Age=30 year

3 70
2 60
1 50
O ————————
p—— " . A - = ]
¥ grams e

-1 - 0
2.F ............... g T 20
.3 - - 10
-4 T T T T T T T T T T r—r-rrri0

10 100 1000 10000

Time (years)

USW H-5 Repository Level
LAPD=20 Kw/acre and Waste Age=30 year

18 - 140
16 130
14 120
12 - 110
10 100
8 90
6 - 80
4 -4 70
2 ~ 60
0L —— 3 — = o =— —B—— =5 o 50
2 -r— ,—r’ ----------------- —~ 40
g Tea
’/ “~§_
’/ ~~~_—
e =i 30
-

'8 1 4 1 T LR SRR i 1 14 LR LIRS + L 14 L LR B 20
10 100 1000 10000
Time (years)

—8— S22 —d— Syy
—O— Sxy — ~— Temperature
—{— Sxx

Figure 3-17

Development of Temperature and Thermal Stress for USW H-5
(Local Areal Power Density of 20 kW per Acre) for Seal Locations 1 and 2
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Figure 3-18

Development of Temperature and Thermal Stress for USW H-5
(Local Areal Power Density of 57 kW per Acre) for Seal Locations 1 and 2
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Development of Temperature and Thermal Stress for USW H-5
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analyzed statistically to obtain the m constant for intact rock. The ficld investigations involve
rock mass classification, cither by the Geomechanics Classification System Rock Mass Rating
(RMR) (Bicniawski, 1984) or the Q System (Barton et al., 1974). The results obtained are input
to empirical relationships to obtain m and s constants for the rock mass.

The method proposed by Hoek and Brown has been applied to the Topopah Spring lithophysal
and nonlithophysal welded units and the Calico Hills Unit, for which laboratory and field data
are available. The analysis presented below provides median, upper, and lower bound estimates
to the expected rock mass strength for welded and nonwelded tuff.

Case and Kelsall (1987) present methods for determining the m and s parameters in the empirical
strength criterion, This approach was adopted with updated unconfined (uniaxial) compressive
strength, as presented in the Yucca Mountain Reference Information Base (DOE, 1992).

The rock mass quality tor the welded. nonlithophysal Topopah Spring Unit and the nonwelded
Calico Hills Unit was assessed by using the values for RMR and Q Systems provided by

Langkopf and Gairk (1986). The following is a brief summary of the rock mass quality obtained
by means of the RMR method:
« Topopah Spring Unit

- Unconfined Compressive Strength—The unconfined compressive strength ranged
from Y6 to 215 MPa; this results in an RMR strength ranging from 7 to 15,

- Rock Quality Designation (RQODY—The average RQD obtained from data for
several exploratory boreholes ranged from 35 to 8(0); this results inan RMR/RQD
that ranges from § to 17,

- Joint Frequency-—The joint frequency values after accounting for bias from
sampling near vertical fractures in vertical holes ranged from 2 to 16 fractures
per meter: this results in a joint-spacing RMR that ranges from 10 to 20,

- Joint Condition-—A description of the rock mass condition upon which the lower
bound estimate is based, including slightly rough surfaces, separation(s) of less
than 1 mm, and hard-joint wall rock. The upper bound estimate rating of 12 is
based on very rough surfaces, noncontinuous, nonseparated, hard-joint wall rock.

- Groundwater Condition——The excavation is above the groundwater tabie, is
considered dry, and is assigned the highest groundwater RMR of 10,




+ Calico Hills Unit

- Unconfined Compressive Strength-—The unconfined compressive strength ranged
from 10 to 34 MPa; this results in an RMR strength that ranges from 2 to 4.

- ROD—The average RQD obtained from data for several exploratory boreholes
ranged from 85 to YY; this results in an RMR/RQD that ranges from 17 to 20.

- Joint Frequency—The joint frequency, after accounting for bias from sampling
in vertical borcholes, ranged from (.5 to 1.2 fractures per meter; this results in
a joint-spacing RMR that ranges from 20 to 25.

- Joint Condition-—A description of the condition upon which the estimate is based
includes slightly rough surfaces, separation of less than 1 mm, and soft-joint wall
rock. This condition results in a joint-condition RMR of 12.

- Groundwater Condition—The excavation is above the groundwater table, is
considered dry, and is assigned the highest groundwater RMR of 1().

In the analysis presented by Langkopf and Gnirk (1986), the RMR adjustment for joint
orientation ranged from zero, for a favorable oricntation, to minus 12 for a very unfavorable
orientation, These limits were also adopted herein for borcholes excavated through welded and
nonwelded units; a favorable orientation was adopted for an upper-bound estimate, and
unfavorable orientation was adopted for a lower-bound estimate.

The RMR for the Topopah Spring welded unit ranged from 35 to 74, with a corresponding rock
mass assessment of very good to fair rock conditions. The RMR for the Calico Hills nonwelded
unit ranged from 49 to 71, with a corresponding description of from good to fair rock conditions.
The Topopah Spring unit exhibits a greater degree of variability reflecting, principally, variations
in the RQD and joint spacing indices. '

Priest and Brown (1983) present empirical relations that scale the intact properties for estimating
the range of rock-mass strength from the RMR presented above. The upper bound corresponds
to the unconfined compressive strength plus one standard deviation. The lower bound
corresponds to the unconfined compressive strength minus one standard deviation.  After
identification of the triaxial failure criterion, the Mohr failure envelope is determined using the
procedure outlined by Hock and Brown (1980).

Figures 3-20 through 3-23 present the results of the analysis and indicate a broad range of
conditions that could potentially be encountered. The lower bound for rock mass strength is
considered conservative.  Hoek and Brown (1980) state that the cnvelopes be used for
preliminary analyses of underground excavation to establish the sensitivity of the design to
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changes in rock-mass behavior, and these results will be used in Chapter 4.0 for borehole scoping
analyses,

Although the approach adopted by Hoek and Brown (1980) provides a promising method for
assessing rock-mass strength of fractured rock, several assumptions and limitations should be
noted.  The scaling relationship presented by Priest and Brown (1983) is based upon a
comprehensive set of strength data for Paguna andesite.  Tests were performed on samples of
intact rock, on undisturbed core samples, and on samples with various degrees of weathering.
These sumples were classified according to the RMR system, and except for the sumples of intact
rock, the RMR values ranged from 8 to 46, The range of RMR values (40) to Y0) for welded and
nanwelded tuff reflects unweathered joints encountered at depth and is somewhat higher than the
range for Paguna andesite, except for the samples of intact rock and undisturbed core
(RMR = 46). Thus, the scaling relationships developed by Priest and Brown (1983) in this
analysis may reflect a different range of conditions than those that will be encountered for
barcholes excavated in tuff.

The empirical strength eriterion presented by Hoek and Brown (1980)) is for the brittle faifure of
rock. “The authors established a limitation that rock specimens should be tested and strength data
evaluated under the test condition that the major principal stress, 6,. should be at least twice as
great as the confining stress .. In conducting their own analysis, Hock and Brown (1980)
cvaluated test conditions in which the major principal stress was at least 3.4 times greater than
the confining stress; this value corresponds to the transition from the brittle to ductile behavior,
The condition ol ¢, = 20, is casily satisfied for the higher-strength Topopah Spring tff. In the
case of the lower-strength nonwelded Clalico Hills toff, the condition is again satisfied, but test
conditions were closer to the conditions in which ductile behavior would be in evidence,

The empirical strength criterion for fractured rock assumes that strength is isotropic or that no
single discontinuity orientation affects strength. As stated by Hoek and Brown, this condition
is satistied for random jointing or where the discontinuities are grouped in four or more scts.
Langkopt and Gnirk (1986) have considered fracture orientation sets as mapped from surface
outcrops by Scott et al. (1983) at Yucea Mountain and as determined from oriented core and
mapped surface fractures in drifts in Grouse Canyon welded tuff within the G-Tunnel complex.
Analysis of these data indicated that the Topopah Spring Unit would have cither two sets plus
random joints or three sets plus random joints.  In contrast, the joint spacing in the nonwelded
ft of the Calico Hills is such that the rock is characterized as massive with no or few joints.
Thus, the effects of shearing on isolated discontinuities may result in strength anisotropy in the
Calico Hills nonwelded tuff,

3.4 Borehole Wall Condition

Because of the modification that could occur to the geology (see Appendix C), it was anticipated
that the condition of the borehole wall would vary depending on the degree of welding, the
lithophysac content, the degree of fracturing, and the extent of clay and zeolitic mincral
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development in response to borehole drilling. This section assesses materials present in borcholes
and the condition of the borehole wall to answer the following question: Are there unique
features that would complicate the scaling of the borchole?

In the previous chapter selected borcholes were identified for logging, and a classification system
was developed. In this chapter, a more detailed description with photographs is presented. as
well as a more detailed description of borehole classification within individual units. In
summary, the following generalization of the borehole wall condition can be made:

» A high percentage of Categories C3 and C4 occur in the densely welded. devitrified
tuff in the Tiva Canyon and the Topopuah Spring Members.,

» The Paintbrush nonwelded tuff typically falls in Category Cl.

+ The upper portion of the Topopah Spring Member typically falls into Categories Cl
and C2.

+ The tuffaceous beds of Calico Hills nonwelded vitric and zeolitic tuff typically fall
into Categories Cl and C2.

+ Hole enlargement can occur within the softer nonwelded zones, such as the Calico
Hills and the Pah Canyon, where alteration to smectites have occurred.

No special problems are likely to arise from placing seals in borehole locations categorized as
Cl or C2. However, special considerations may be necessary for those areas that fall into
Category C3 and may be most likely for Category C4 locations, due to their high degree of
fracturing, irregularity, and hole enlargement. Problems could include loosing scal materials to
the formation and difficulty in actual placement of the seal.

In all drilling operations, other materials have the potential for entering into the holes. These
include the following:

« Defoamer Organosilicon Fluid Emulsion. This emulsion is added to an air
foam mixture and subsequently introduced into the hole in limited quantities, After
the hole is "blown out.” trace amounts are anticipated to be left in the hole.

« Lithium Grease and Other Lubricants. These lubricants are used in
assembling the drill stem and bit assembly. Only trace amounts are anticipated to
be located in exploratory holes.

« Rock Drill OIl. This oil is used to lubricate the air stream. Only trace amounts
are anticipated to be left in the hole.,
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As indicated above, trace amounts to no amounts of the materials mentioned above are
anticipated to remain in the hole.  As a result, their use should not impact the strategy to scal
boreholes.  However, other materials introduced into holes and conditions encountered in the
holes need to be considered in developing a strategy to seal borcholes. These are summarized
in Table 3-10. Tables A-8 and A-Y in Appendix A specify potential problems that could be
encountered in the boreholes.

A briet discussion is presented below on the categorization within cach major stratigraphic unit.
The categories for borehole wall classification were presented previously in Section 2.4,
Examples of borehole wall conditions are illustrated in Figures 3-24 1o 3-35.

Tiva Canyon Member. The Tiva Canvon Member from its base can include a basal, air-fall,
nonwelded, and unaltered tff; & densely welded., vitric tuff: a densely to moderately welded.
devitritied tuff; and a caprock. Because of the nature of tuff, variations in the degree of welding
can be anticipated.  As mentioned by Rautman and Flint (1992), the caprock unit of the Tiva
Canyon appears to be absent from much of the potential repository site.

Typically the thickness of the densely to moderately welded, devitrified tuff for all the wells
surveyed is large in comparison to the remainder of the member.  With the exception of USW
UZ-1. the thicknesses vary from approximately 100 ft in USW G-4 to 380 ft in USW UZ-6.
Most olten the borchole wall condition categorizes as C2 and C3. The worst wall conditions arc
encountered in boreholes USW UZ-6, USW UZ-6s, and USW G-4, all of which are mostly C3
and 1,

Underlying this subunit is the occasional presence of a laterally extensive vitrophyre that occurs
within the columnar microstratigraphic unit (c¢) (Rautman and Flint, 1992). This feature is
observed in boreholes USW GU-3, USW UZ-6 and USW UZ-6s, and USW WT-2, having
thicknesses of approximately 4, 24, and 21 ft, respectively. The conditions of the wall in this
zone are always either C1 or C2.

Beneath this vitrophyre, or the densely welded toff, is a moderately to nonwelded vitric tff.
This section of the Tiva Canyon usually categorizes a Cl, if nonwelded, to C3. if moderately
welded, However, the majority of this zone is either Cl or C2. Only in boreholes USW G-4
and USW H-5 is a C3 designation given, Thicknesses can be as high as 125 fi.

The bedded/reworked tuff at the base of the Tiva Canyon is as much as 50 ft thick for the

boreholes evaluated.  In almost all cases, a Cl categorization is given. Clearly, from the
discussion, the physical condition of the wall correlates to the degree of welding,
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Table 3-10
Problems Encountered/Anticipated in Exploratory Boreholes

Removal of 2.875-in-OD tubing (or other size) with 12-ft screen: freestanding.

Steel casing grouted in at surface.

Eroded zones and sloughing holes.

Lost circulation,

Uncemented steel casing in deeper holes.

Uncemented steel casing in shallow neutron holes, 20 to 120 ft in depth.

Cement on wall, typically nea! cement plus 2% CaCl,. Cement was placed and then drilled out.

Residual drilling fluids on borehole wall.

PVC pipe grouted at the surface.

Perforated casing cemented.

Perlorated casing uncemented.

Steet casing spot-grouted at the botiom or along selected areas over the length of the casing.

Water inflows. ' |

Removal of "grouted-in” seismometers.

Instruments in the UZ holes.

Deviations in the surface and at-depth coordinates.

In several of the drillers® logs, hole enlargement and washout were noted. In USW UZ-6, for
example, hole enlargement wis noted between 324 and 372 ft.  Categories C3 or C4 were
assigned to this interval, where a number of high-angle fractures were observed.

In USW GU-3, washout occurred between 358 and 425 f. Within this zone, pumice fragments
arc common, and alteration of the groundmass to smectite varied from sparse to common. The
reason for the washout could be attributed not only to the poorly consolidated nature of the basal
tff but also to the presence of the smectite. Both poor consolidation and the presence of clay
would mike the tuff more susceptible to erosion. Even though some washout occurred at this
location, the wall was smooth and symmetrical and categorized as a Cl or C2.




Figure 3-24

USW G-4; Tiva Canyon Member; Densely Welded, Devitrified; 60 ft. (C4);
Borehole Diameter—12.25 in.

Figure 3-25

USW UZ-6s; Tiva Canyon Member; Densely Welded, Devitrified; 150 ft. (C3);
Borehole Diameter—8.34 in.
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Figure 3-26
USW UZ-1; Yucca Mountain Member; Partly Welded to Nonwelded,
Vitric; 80 ft. (C1); Borehole Diameter—36 In.

Figure 3-27

USW UZ-1; Bedded Tuff (Vitric) Below the Yucca Mountaln Member; 95 ft. (C1);
Borehole Diameter—36 in.
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Borehole Diameter—17.5 In.

3.51

T : e ggE 370
" ol . = .: s G :
Figure 3-28
USW UZz-6; Topopah Spring Member Caprock; Densely Welded,
Devitrified; 520 ft. (C4); Borehole Dlameter—17.5 In.
3 g2 .' ‘..‘.-”_,". -1‘1, :
Figure 3-29
USW UZ-6; Topopah Spring Member; Densely Welded, Devitrified; 850 ft. (C4);
. » | L



Figure 3-30
USW WT-2; Topopah Spring Member; Densely Welded, Glassy Vitrophyre;
1,184 ft. (C2); Borehole Diameter—8.75 in.

Figure 3-31

USW WT-2; Bedded/Reworked Tuff (Vitric) at Base of Topopah Spring Member;
1,299 {t. (C1); Borehole Diameter—8.75 in,
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Figure 3-32
USW WT-2; Calico Hills Member; Nonwelded, Vitric;
1,460 ft. (C1); Borehole Diameter—8.75 in.

<L

Figure 3-33
USW G-4; Calico Hills Member; Nonwelded to Partly Welded, Zeolitic;
1,416 ft. (C3); Borehole Diameter—12.25 in.
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Figure 3-34
UE-25 WT#18; Topopah Spring Member; Densely Welded, Devitrified;
1,241 ft. (C2); Borehole Diameter—12.25 in.

Figure 3-35

UE-25 WT#18; Calico Hills Member; Lava, Devitrified, Partly Zeolitic; ,
1,623 ft. (C1); Borehole Diameter—12.25 in. :
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Yucca Mountain and Pah Canyon Members. Typically. the Paintbrush nonwelded tatt
tHuns 1tomn the notthwest to the sautheast. This can be seen in the cross sections given an
Appendiv B where the P'In thickens to the northern end of the potential repositary. Further, the
Yucea Mountin and Pal Canyon Members are only discriminated in boreholes of interest tha
are docated at the notthern eid of the potential repository, e, USW G GSW S USW U701
and UE-25 WIS In these bor tholes, both members are comprised of nmderately to nonwelded
tatt, bore vitnie and desiitied. The bedded/reworked vitric tft andedying both members s
usually poorly consotidated, Wath only one exception (USW G-d with a T-ttinterval), the Yueea
Mountin Member categorizes as CHoor €20 In the Pah Canvon Member, portions o the
nonwelded vitric tayers s boreholes UE-25 WT#EN and USW Ged were categorized as C4 The
tennander was categonzed as CLor C20 O the boreholes evaluated, the masumuam thichnesses
ot the Yucca Mountain and the Pab Canyon Members e T and 217 11, respectively

In USW Gt hole enbargement was noted in the driller’s log betsween INUand 199 tein the Pab
Camyvon nonwelded vitne to the underlving poorly consolidited basal tatt. A very Large hole was
poticed between IS0 and ENT 10 that did not appear to be caused from tactures, A possible
cyplanation s that because the vitrie zones of this member are pervasively altered 1o smectites,
thew presence would make these zones more suseeptible to erosion duning borehole deselopment,
Adseorm ESW S washout occurted between 20 and 37001, with masimum washout between
INGand SAS e This correspands tothe Pab Canyon Member, T this instance. because the hole
nntained s smoothness and ssmmetny Lt categorzes as o CLo Additionalty, no sagor bractares
dcavthies were observeds In VRIS WT#IN eroded and Jost circalation zones occur from 4635
st bt Has range canrespeids to the fower petion ot the Yucea Mountiin Member and the
bedded vitie tutt through the nonwelded vitne zone of the Pah Canyvon Member, [tis in the Pah
Canvon Member that the hole is categotized alternately between Cand CL Numerous areas
bave Lrgees mregular vords and atense tractunng. Finally, lost circatation in USW UZ-1 oceus
at the mtertace between the alluvinm and the Yueca Mountain Member,

Topopah Spring Member. I'he “Tupopalt Spring Member contains a very thin upper
vittophivie and athwekher vittophyre closer ot base. Above the lower vitnophyre are maderately
e densely welded, devatied wttss Below this e modentely o partially welded vitie wits
and nonwelded svinie s Above the upper vittophyie are moderately welded 1o nonwelded
s I this upper portion where the ttts se nonwelded o mogerately welded and vitric, they
can be categotized as Coor C200 Walin the caprock portion, the wall conditions were
categorized evenly between Cand Cin USW UZ60 In UEE-25¢ #2, the categories were
amd C20 The thickness above the upper vittophyre, f present, is less than 50t for the boreholes
cvaluated. The upper vittophivie for the selected borcholes was on the order of several teet,
while the lower vittophyre ranges from about 30 10 SO A1 In all cases, the borehole walls within
these cones were stmooth and svimmiettical and categorized as either Cor C20 Above the owes
vittephyie, the densely welded, devittied 't was Giren categorized as C2 o C3, with some
cvcutrences o 8 The sitrse and bedded tatts e the base of she amt were almost ahwavs
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categotized as CLor C2.The combined thicknesses of these witfs ranged from about S0 o 150

1t for the borcholes evaluated.,

As shown i Appendin DL Categories C2and C3 oceur frequently due to the presence of Targe
liohophysae, numerous fractures, and combinations of both,  In USW GU-3. ar abour SH0 1o
375 1 owhich is wathin the moderately 1o densely welded. devitrified portiond, numerous hole
enburgements oveur due to g combination of tractares and hthophysae. In Uk-25 WTH#IN,
Detween Y00 and 1,000 £, o high percentage of lithophysae oceurs throughout the entite zone.
In USW W22 hetween 64 and 657 L, the borehole wall appears 1o be notehed. giving the
appeatance of oslaboof rock being removed from the borchole.  This feature is most likely
tracture controlled, In the sime borchole, between 750 and 100 11, in the densely welded.
devitnticd lower lithophysal zone. considerable hole enlargement oceurs, due predominantly to
the presence of farge lithophysae.

The Tuffaceous Beds of Calico Hills and the Prow Pass Member. "The Futtaccous Beds
ot the Calico Hills and the Prow Pass Member generally contain a combination of nonwelded
seohtic and vatrie s and bedded nd reworked witts. While there were limited borehole videos
tor these units, 1t s e that the majonty of the borchole walls wathin these units can be
categorzed as CLor C20 Inviewing the videos, fractures were detected in only a linited number
ot cases, In USW T ar appreximately 1400 and 1,420 ft, several fractures and voids were
encountered, In USW UZ-6, the borehole was ernded over an interval from the partially to
nonwelded, vitric hase o the Topopah Spring Member through the poorly consolidated vitric
portion of the Calico Hills into the nonwelded vitric portion of the Prow Pass Member, While
this zone was eraded, at was smooth and symmetrical and categorized as CLL

3.5 Air Conductivity Models and Variability of Welded and Nonwelded Units

Alter emplacing waste containers, heat gradually  transters by conduction from the waste
contitinets to the surtounding rock, achieving a maximum temperatuie in the rock adjacent to the
potential 1epository after several thousand years, Vertical temperature gradients will develop
from the potential repository horizon and potentially atfect air and wiater-vapor density. If
sutficient energy. in the form of heat, is imparted 1o the air or witer vapor, convective transport
is entablished,  Also, barometric effects may induce flow from the potential repository to the

ground surface.

The resistance to airtlow Tor incompressible fluid flow depends on the length and cross section
of the tlow paths and air conductivities” of the flow-path materials.  In previous analyses
tFermandez et al, 198O, thiee combinations of bulk rock hydraulic conductivity were evaluated.
These combinations cover i tange of conductivities for welded and nonwelded it and examine

A condisctviy pay e adenved by catealating an amnmsic permeability from the hydrmlic conductiviny
tebaonshup presented ty Freeze and Cherny (1979 and then calcalating the e conductiviny using the Nuid
(ropetties ol an.
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the influence of i thinner less permeable Tayer of nonwelded wit on total aietlow rates it the
conductivaties of the welde Dt were high (107 em/s) - Table 3211 shows these combinations

Table 3-11
Air Conductivity of Welded and Nonwelded Tuft

£, _an TR m e LD e e s e e msiess e —e e e e e

foo TrTT E I As——— - i
: Nonwelded Air Conductivity Weided Air Conductivity |
L : (rm/min) {m'min)
WL C e s tIm ITmtmme e e eeeose e see s z»-.A..«.....— e - = Pt sTIn T ~:.-.:-‘!!
i Model 1 (1 ow) ; 4.4 x10" 4.1 x10° lil
oo et S i
l rno'jul 2 (Intmmt'd».m- 41x10° 41 x10" h
_Model 3 (High) 4.1 ¥ 10" 4.1x10° j

The vananons i thickness ot the varnious welded and nonwelded units are shown in Figures 3-36,
3370 and B3N tor the Tiva Canyvon, the Pamntbrush, and the Topopah Spang Units above the
potentil repasitory, respecovely. The variation i total thickness through the rock above the
potential sepository is llustzated in Figure 3-39, which shows that the thickness ranges from
0t an the southeastern portion and 220 mon the western edge ot the potential repositony to
L0 alonge Yucca Creston the notthwesters portion of the potential repositony, These figuies
tHustrate fess variability in unit thicknesses than in the tange of conductivities presented above,

To andestiomd the sariations in resistance to airflow offered by the rock overlving the potential
repository, conductance models were prepared  for thiee combinations tmaodelsy of 1ock
conductiaties tgaiven i Table 3211y The conductance (C) s defined as:

e !
); 5
1K,
where
K = Air conductance of the ith uni

1., = Thickness of the ith unit,

The conductance as used here is inversely proportional to resistance, ditectly proportional o air
conductivity, and inversely proportional to the flow-path length. The conductance is caleulated
constdering the thicknesses over the entire area shown in Figures 3236, .37, 3.38, and 3-39, The
spacing between discrete points is 70 m The conductance is contoured in Figares 3.4, 3.1,
andd 3242 for Maodels 120 amd 30 respectively, as a pereentage of the masimum value calcalated
within the study area. For Maodel 20 the comtour vadues vary over @ broad range, and the

3-57



o / 100
QA\W

0 1 MILES
0 1 KLOMETERS
SCALE

Figure 3-36
Thickness of the Tiva Canyon (TCw) Unit (REF0287)
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Figure 3-38
Thickness of the Topopah Spring Member Above the Repository Floor
(REF0284)
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Figure 3-39
Total Thickness of the Rock Above the Repository Floor
(REF0283, REF0284, REF0287)
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Figure 3-40

Conductance of Stratigraphic Units Above Potential Repository in Percentage
of Maximum Conductance Encountered Over Entire Area, Model 1
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Figure 3-41

Conductance of Stratigraphic Units Above Potential Repository

(Ln-value x 10 ¥/min), Model 2
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Figure 3-42

Conductance of Stratigraphic Units Above Potential Repository In Percentage
of Maximum Conductance Encountered Over Entire Area, Model 3
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4.0 Detailed Performance Evaluation of Seals

This chapter presents detailed seal evaluations to help address the issue of where to seal.
Intormation developed in the previous chapter is used to perform confirmitory analysis for water
How and airflow. This information is then used to perform various calculations of the extent of
Lteral flooding from the potential repository. surface flooding at the ground surface. and air
diversion. These calculations identify the most significant borcholes to be sealed.

4.1 Water Flow

Two assues arise because of several surface and subsurface flooding events and the potential
interaction of boreholes with potential repository dritts at the potential repository horizon. These
Issues result from potential flooding scenarios for boreholes and the need to provide o hydrologic
batrier zone atound the boreholes within the potential repository perimeter. These issues are as

follows:

o Eatent of Luterad Hooding at the potential repository horizon (flow from o potential
repository drift)

o Potential for surface inundation of borcholes at the ground surface (potential
flouding ot surface borcholes).

In addition to these caleuliations, the hydrologic significance of borcholes within the potential
repository s also evaluated.

4.1.1 Flow From a Potential Repository Drift

For drfits subject to Alooding under unanticipated conditions, the potential exists for inundation
ol dutts in low areas and lateral spreading of water below the potential repository horizon.  In
this evaluation, it is assumed that the fracture system becomes saturated, resulting in fracture flow
being the dominant flow mechanism downward toward boreholes penetrating below the potential
repository. Since the fracture patterns are dominantly vertical, the flow may be directed
downward, The orientation, spacing. and condition of the fractures govern lateral spreading
below the potential repository in an anisotropic media.  For anisotropic flow, the direction of
flow is not orthogonal with horizontal potential lines. The analysis uses the following approach
to obtain a flow net to evaluate lateral spreading from a flooded drift:

» Select the principal permeabilities for the fracture set at orientation 6.
+ Transform the principal permeabilities to the xy coordinate system,
+  Sum the conductivities for cach fracture orientation,

« Calculate the principal conductivitices.

4-1




+ Usc the transformed section method (Freeze and Cherry, 1979) to draw the flow net
and find the cxtent of lateral migration.

Appendix E presents these caleulations for a drift, assuming the strike direction of the fracture
is oriented parallel to the axis of the drift.! It is further assumed that the fractures are uniformly
spaced with a uniform smooth-wall aperture. The permeability tensor (K°) for the orientation
along the fracture system is expressed as follows:

pg NbT oy,
Kl =| » 12
) K,
where

b = Fracture aperture
¢ = Gravity aceeleration constant
p = Mass density
tt = Absolute viscosity
N = Fracture frequency
k,, = Matrix conductivity.

The principal permeabilities orient at a direction of angle 8 to the xy coordinate system. To
express the permeabilities in the xy ‘coordinate system, the similarity transformation uses the
tolfowing:

[KI = ALK [A]

where

IK] = Permeability tensor in the xy coordinate system
[R’] = Permeability tensor along the fracture system
[A] = Matrix of direction cosines

[A]" = Matrix of direction cosines—transposed.

This expression is equivalent to the second-order tensor transformation for permeability by Bear
(19706).

The caleulations presented in Appendix E find the anisotropy in the permeability tensor following
the technical approach outlined above by directly summing the contributions from each fracture
set of variable orientation using the principle of superposition. The summation then determines

"For purpases of Lueral spreading, it is conservatively assumed that the strike direction orients along the drift
HAYAN

4.2




the anisotropy in the permeability tensor for the rock mass that can be subsequently used to
construct a flow net.

The results of the caleulations for the worst-case scenarios arc presented in Figure 4-1. This
figure illustrates the flow net in the untransformed and transformed sections.  Lateral spreading
may be affected by contrasts in permeability at contacts. A contrast from a more permeable to
a less permeable fractured zone might result in additional lateral spreading.

The flow. as determined from the lateral spreading near a drift under worst-case assumptions.
shows lateral spreading at an angle of about 30 degrees that corresponds with the direction of the
principal permeability from the caleulations in Appendix E. Because of the indicated anisotropy.
the direction of flow is not orthogonal with the horizontal potential lines in the unsaturated zone.
The lateral dispersion from the potential repository boundary is illustrated in Figure 4-2. This
figure also shows the depth to the groundwater table. The extent of lateral spreading (200 m)
is greater to the western side of the potential repository and less to the castern side of the
potential repository.

4.1.2 Potential Flooding of Surface Boreholes

Surface boreholes may be subject 1o flooding, Currently the allowable amount of water that
could enter the potential repository is unknown.  Further, the manner in which witer in the
winaturated zone in @ high-temperature environment could enter the potential repository is
unknown. Deep boreholes outside the potential repository may not influence water flow and may
not be significant.  Nevertheless, surface boreholes within or immediately adjacent o the
potential repository could potentially contribute flow. The following analyses consider (1) the
potential for boreholes to be flooded. given their location relative to naturally occurring channels:
(2) the potential for saturation of the alluvium surrounding the borehole that could result in flow
from the alluvium to the borehole: and (3) the potential for perched water within the borchole
that could contribute flow to the potential repository horizon.

4.1.2.1 Potential Inundation of Surface Boreholes

Exploratory boreholes represent potential pathways that could compromise the ability of the
geologic potential repository to meet the performance objectives following permanent closure,
fixisting and proposed boreholes within the extended boundary of the potential repository may
be subject to flooding in certain low areas. Figure 2-4 presents a map of existing and proposed
deep boreholes within the potential repository showing the many existing and several proposed
boreholes in alluvial arcas subject to flooding.  With several exceptions. the proposed borcholes
are to be located outside low areas and are less subject to flooding.

The potential for flooding of existing and proposed borcholes depends on the extent and depth
of tlooding near each borehole,  In turn, the extent and depth of flooding depend on the size of
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the drainage basin, topographic features® of the drainage basin, and stream characteristics near
cach borehole. This report uses the Probable Maximum Flood (PMF) because it represents
“hypothetical” flood that attempts 1o define the maximum flood potential at a specific site. The
PMFE is defined as “the flood that may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably possible in the region” (National
Rescarch Council, 1985). This evaluation identifics the drainage area tributary to the borchole
for streum flow. Empirical relationships relating the size of the area to peak discharge (Crippen
and Bue, 1977) provide an estimate of the peak discharges at borehole locations. The extent and
depth of flooding is determined using methods developed for natural channel flow (Fernandez
ctal., 1Y8Y),

The analysis then considers the natural channel cross section, as illustrated in Figures 4-3u and
4-3b, und uses the Manning equation (Trefethen, 1959) for open-channel flow in a natural
channel to estimate the height of flow in the channel near the borchole:

v 149 e e
n

where

V= Velocity for uniform tlow (1/s)

n = Roughness coefficient

s = Slope of the hydraulic grade equivalent to the slope of the channel

R = Hydraulic radius equal to the cross-sectional area (A) of flow divided by the

wetted perimeter (P).

By considering the continuity equation, the flow rate (Q) can be expressed as a function of the
wetted perimeter (P) and cross-sectional areca (A):

L1
149 AT

0= 1B A [
n I’.T

In applying the Manning equation, the assumptions used were similar to those used by Squires
and Young (1984). Specifically, the values for slope of the energy-grade line used in Manning’s
cquation were assumed to be equivalent to the slope of the water surface and the channel bottom.
The value for the roughness coefficient, n, in Manning's equation was assumed to be (0,06,
Squires and Young used roughness coefficients ranging from (L.03 to 0.055. To conservatively

“The cross section used in developing the extent of the PMF channel assumed the current topography,
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estimate the highest water-elevation (or cross-sectional arca of water flow in the channel) during
a PME at selected locations, it is necessary to reduce the velacity of channel flow as presented
in the Manning equation. This reduction of velocity can be achicved by selecting a greater ™o’
value fas used in this analysis), which conservatively predicts a higher water-level rise,

To develop realistic flow conditions, cross sections were selected near groups ol exploratory
horcholes. The cross-sectional area and wetted perimeter for a trapezoidal cross section were
cviduated at selected locations. The conveyance curve, or flow rate (Q). versus height th)
relationship at cach cross section is solved iteratively for a known flow rate. The debris tTow
is assumed equal to 150 pereent of the clear-water flow (ernandez et al., 1Y8Y),

The known flow rate Q is evaluated for the drainage basin that is tributary 1o the cross section,
Figure <-4 shows several typical drainage basins used in these calculations, Table -1 presents
the caleulations Tor the existing and proposed boreholes. Cumulative flow is evaluated for the
general storm Eisung 14.7 hours (Fernandez et al., 1989). The extent and depth of flooding were
determined based on the existing channel topography (Wu, 1985). In many cases, the channels
are incised ina broad, terraced plane that is several hundred feet in width (shown in Figure 4-4),
Under wonst-case assumiptions, the boreholes might be located in the channel invert and subject
to floading for the duration of a hydrologic event. In other cases, the channels incise bedrock
in steeper terrain and meander over less lateral distance. Based upon these considerations,
engmeering judgment was used to establish three borehole categories:

« Category A: Boreholes within the broad terrace containing an incised channel in
alluvial areas that locate near the channel invert of the incised channel.

« Category B: Boreholes within steeper areas of territin, where it is much less likely
that flooding will oceur.

« Category (C: Borcholes outside flood zones not subject to flooding. Most proposed
boreholes are not subject to flooding.

A more detailed evaluation and mapping of these boreholes near alluvial arcas might result in
a different categorization of existing boreholes: however, the present evaluation defines the
probable number of boreholes subject to floading, which is sufficient for planning and scoping
PUrposes,

4.1.2.2 Potential Saturation of the Alluvium

In flood-prone areas, water flows across the top of the borehole at depths on the order of several
meters. Where standing water develops at the ground surface, saturation oceurs, and an
infiltration front moves vertically downward,  As the water penetrates deeper and the wetted pant
of the profile lengthens, the average suction gradient decreases.  This trend continues until
eventually the suction gradient in the upper part of the profile becomes negligible. This feaves

.
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Table 4-1
Potential Flooding of Boreholes

Drstance of
Basm Borehole from Piotrad Hewght Above
Area Peak Discharge Stream Flood Dapth Water Flocd Duration
Peak +Debnis Paak <Debns Peak +Dabiris
Category’ Borehotes (m’) im's) (m’s) (m) (m) tm) (m) (m) (Hrs)
Category A USW UZ-N24 561435 65 97.5 0 213 248 213 248 1470
USW UZ-N93 551439 65 975 0 213 248 213 248 1470
USW UZ-N25 2933% 35 525 ] 167 1.95 -167 -195 1470
USW UZ-h26 257247 30 45 0 162 183 162 -188 14.70
USW UZ-N37 965418 110 165 0 144 168 A4 -1.68 * 1470
USW UZ-N4s 232560 0 15 0 129 150 129 -1.50 1470
UE-25 UZ#0%a * 1111864 135 2025 90 125 148 125 -1.48 1470
UE-25 UZ#0% * 1111864 135 2025 80 125 148 125 -1.48 1470
LPRS-08 * 102472 25 375 0 1.4 132 144 -1.32 1470
SPRS-16 * 102472 25 375 0 114 132 -1.14 -1.32 14.70
UE-25 UZN #18 7262649 800 1200 5 110 140 -1.10 -1.40 1470 It
UE-25a 507 7262649 800 1200 40 110 140 -1.10 -1.40 14.70
UE-25a #05 6373981 706 1050 10 102 1.30 102 -1.30 1470
UE-25a 204 5185403 565 8475 0 089 1.14 089 -1.14 14.70
USwW sp-10* 646773 75 1125 0 070 089 0.70 089 14.70
usw yz-o7 566127 65 97.5 0 064 08t 064 -0.81 1470
Usw uz-7a* 565127 65 975 0 064 081 064 0.81 1370
USW UZ-NS1 569127 65 97.5 0 054 081 0648 081 14.70
USW UZ-N48 515838 60 S0 0 061 078 -0 61 -0.78 1470
usw G-1 1656816 185 2715 40 061 077 Q61 0.77 1470
UE-25 SC=9 * 55550 25 375 0 060 076 060 076 1470

Reter 1o footnotas at end of table.




Table 4-1 (Continued)
Potential Flooding of Boreholes
Distance of
Basin Borghola from Plotted Height Above
Area Peak Discharge Stream Flood Depth Water Flood Duration
Peak +Debris Peak ~Debris Peak +Debris
Cateqory' Boreholas (m*) (m’s) (m’s) {m) (m) {m) {m) {m) {Hrs)
USW UZ-N41 568230 65 975 0 055 0.70 -0.55 0.70 1470
USW! UZ-N45 568230 65 975 0 055 0.70 055 070 1470
USW WT-02 437084 S0 75 30 055 0.70 055 0.70 14.70
USW H4 631281 70 105 20 0.51 065 -0.51 -0.65 1470
USW SD-08 631281 70 105 0 051 065 -0.51 065 14.70
USW UZ-N43 498130 55 825 0 050 063 -0.50 063 14.70
UE-25 UZN 219 976557 110 165 30 048 061 -0.48 061 14.70
' UE-25 UZN #21 976557 110 165 0 048 061 048 -0.61 1470
'; UE-25 UZN #22 976557 110 165 25 048 0.61 048 064 1470
USW UZ-16 1111864 135 2025 110 125 148 03 -0.56 1470
SPRS-14° 265570 30 45 0 032 041 032 041 1470
USW G4 265570 30 45 0 0.32 041 -0.32 0.41 1470 "
USW UZ-N42 265570 30 45 0 032 041 -0.32 041 14.70
UE-25 UZ#09 * 1111864 135 2025 100 125 148 0.25 048 1470
Category B LPRS-11* 1248367 140 210 90 059 0.74 041 026 0.00
SPRS-22* 1248367 140 e % 059 0.74 041 026 000
UE-25 UZN #28 1248367 140 210 90 0.59 074 oM 026 000
UE-25 UZN 297 1248367 140 210 %0 059 074 041 026 000
UE-25 UZN #20 976557 110 165 10 048 061 052 039 000
USW UZ-N33 1885061 210 35 20 048 061 052 039 000
Refer to footnotes at end of table.




Table 4-1 (Continued}

Potential Flooding of Boreholes

Drstance of
Basin Borshole from Plotted Height Above
Area Peak Discharge Stream Flood Depth Water Ficod Duration
Peak +Debris Paak «Debris Peak +Deabris
Category' Borgholes {m?) m’s) m*s) {m) m (m) {m) (m) {Hrs)

USW UZ-N54 727341 80 120 30 048 080 052 040 000

UE-25a 206 750952 90 135 50 030 033 070 062 000

USW H-1 102472 25 375 20 114 132 086 068 000

USW UZ-N50 509127 65 975 30 064 033 1.36 119 000

USW UZ-N52 559127 65 97.5 10 064 031 1.36 1.19 000

LPRS-05 * 515838 60 90 30 061 078 139 122 000

SPRS-08 * 515838 60 90 30 061 073 139 122 000

I USW UZ-08 515838 60 90 30 061 0.78 133 122 000
,&; USwW uz-08° 515838 60 90 30 061 073 139 1.22 000
USW UZ-N49 515838 60 90 0 061 078 139 122 000

US-25 Seismic 201 1248367 140 210 110 059 023 141 126 0.00

USY/ UZ-N38 692845 30 120 20 050 063 150 137 000

SPRS-12° 976557 1o 165 45 048 061 152 1.39 000

UE-25 UZN 223 976557 110 165 45 048 061 1.52 1.39 000

USW UZ-N53 72734 80 120 25 048 060 252 240 000

USW UZ-N40 643046 75 125 20 033 043 267 257 000

NRG-5 * 5185403 565 847.5 30 089 1.4 n 2.86 000

usw sp-12° 72131 80 120 40 058 074 342 326 000

USW UZ-N35 * 360216 10 60 10 036 043 364 354 000

USW UZ-N34 1835051 210 315 de 048 061 552 539 000

USW UZ-N5S 727341 80 120 as 048 060 752 7.4 000

Retar 10 tooinotes at end of table
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Table 4-1 (Continueq)

Potential Flooding of Boreholes

Drstance of )
Basin Borehole from Plotted Haight Above 7
Area Peak Drscharge Stream Flood Depth Water Flood Durahon
Peak -Debris Peak +Debris Peak +Debris
Cateqory’ Boreholes {m) tm"s) {m’s) {m) (m) (m) (m) (m) (Hrs)

LPRS-04 * 179743 25 375 30 118 138 782 762 000
SPRS-07* 179743 25 K] 30 118 138 782 762 000
USWUZ-N32* 760517 85 1275 K 056 o 1044 1029 000
SPRS-11 * 72734 80 120 110 048 060 10.52 1040 000

' Category C: voreholes have no flooding potential; therelore, they do not appear on this table.

* Proposad borehola,




the constant gravitational gradient as the only remaining force moving water downward in the
transmissive zone,

Appendix Fopresents detailed caleulations based upon the Green and Ampt solution. The results
show that, depending upon the initial moisture content (20 to 70 pereent), the time required tor
penctration to 10 mis 5 to 10 hours for sand and 100 to 300 hours for clay loam. During a
floading event, it would be expected that saturation of sand would take place, while saturatien
ot fine-grained soils would be much less likely, The results show that the sand might act as o
reservoir for recharging @ borehole collared in alluvium, which in turn, could result in perehed

walter.

4.1.3 Perched Water Scenarios

The objectives of this analysis are to compare the relative significance of "shallow” versus "deep”
borcholes in contributing water to the potential repository.  Analysis assumes that under
worst-case assumptions water enters the borchole in the unsaturated zone and pressure head
develops within the borehole, resulting in flow to the surrounding rock,  “The analysis turther
assumies that under the worst case this water enters the potential repository. Under these
assumptions, the relative significance of shallow versus deep boreholes can be compared.

The degree of flow oceurring to the subsurface depends on the area of the borchole, the depth
ot perched water in the borehole. and the time duration that water is available for saturating
alluvial areas. The time duration depends on lateral flow through the alluvium and likely is not
affected by flow down the boreholes. The following analysis assumes this time duration equals
the average duration of the event (14.7 hours) for evaluating the relative significance of borehole
Mow. s further assumed that a standing column of water develops within the borehole and that
flow oceurs to the surrounding wif formation, which has a conductivity of 10° em/s. Fernandez
et al. (1987) present several solutions for infiltration from an open borchole, as discussed by
Stephens and Neaman (1982). The Glover solution is as follows:

Q=K C rH

where
Q = Flowrate
It = Height of standing water in borchole
r = Radius of borchole
K = Saturated conductivity of fractured talf (10 cmis).

B |
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A second solution developed by Nusberg-Terlestkata is:
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Table <4-2 presents borehole dimmeter, seal length, flow rate. and cumuiative flow enhancement
and allows comparison of flow for shullow and deep borcholes.  The cumulative flow
enhancement is based upon the 14.7-hr time duration. using the Glover and Nasberg-Terlestkata
(Stephens and Newman, 1982) solutions for the 33 shallow and deep borcholes subject to
flooding that fall within the extended boundary of the potential repository. Figures 4-5 and 4-6
present the Glover and Nasberg-Terlestkata relationships, with individual points representing cach
horchole. The potential low from deep boreholes to the potential repository is greater by
2 orders of magnitude than that of shallow boreholes. Fifteen boreholes are surficial within the
Trva Canyon Unit and contribute flow of the order of 10 m'. Three boreholes penetrate through
the Tiva Canyon Member and the Paintbrush nonwelded wif into the Topopah Spring Unit. The
temaining deep holes (for example, USW WT-2, USW G-4, USW H-4, and USW G-1) penetrane
through the potential repository horizon and under worst-case assumptions could contribute a

) . !
low of as much as 500 m.

4.1.4 Conclusions from the Hydrologic Calculations

The current sealing strategy considers basic performance objectives for the exploratory borehole
sealing system. including previous hydrological objectives for restricting water flow below the
potential repository and the requirement for restricting airflow above the potential repository.,
Each of these is discussed below with reference to the boreholes subject to potential flooding.

4.1.4.1 Restricting Water Flow Below the Potential Repository

In previous studies (Fernandez et all, TURT), the regulations for borehole-seal hydrologic
performance (10 CEFR 60.134) require that “boreholes shall be designed so that following closure
they do not become pathways that compromise the geologic potential repository s ability to meet
the performance objectives.”™  “The position adopted was that the restriction of vertical flow
through the boreholes to only 1 percent of the potential for vertical flow through the rock muass

4-16




,....A--l. [

LIt

Table 4-2

Relative Hydrologic Significance of Boreholes Subject to Flooding
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Table 4-2 (Continued)
Relative Hydrologic Significance of Boreholes Subject to Flooding
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satisfies this requirement. The previous approach adopted involved placing a moderately low-
permeability material in the Calico Hills section for holes that penetrate through the underground
facitity and into the groundwater table.  These holes represent potential flow paths to the

accesstble environment,

In the current study, 14 deep borcholes are idemtified. These 14 boreholes should be sealed 1o
restrict flow through them to T opereent of the flow through the rock. Design requirements ate
discussed in Chapter 5.0,

4.1.4.2 Restricting Water Flow Above the Potential Repository

Because of the depth of several of the deeper boreholes and the potential for floading that might
oceur, the possibility exists for water 1o enter several boreholes during flooding, resulting in an
icrease inthe saturation state of the rock around the potential repository., In the curnent sealing
strategy. the placement of a high-quality seal above and below the nonwelded Paintbrush tatty
Topopah Spring contact zone reduces vertical flow, assuming the occurrence of perched water
condittions at this contact or below this seal  Below the seal, o coarse backfill s placed to
provade acapillary barrier to vertical tlow to augment the tormation of o capillary batnier in the
tock (Montazer and Wilson, 1984). In setting the performance goals for seals, specitied carthen
or cementitious materials achieve conductivities that are several orders of magnitude lower than
the anticipated design requirement (discussed in Chapter 5.0),

4.2 Airflow

The objective of the following analyses is to determine the extent of lateral dispersion from the
cdge of the potential repository, which would then determine the extended boundary of the
potential repository boundary. A subsequent analysis evaluates the intluence of i less-tractured.,
fess-permeable wiff that torees flow into Solitario Canyon. The final analysis calculates seal
conductivities sitisfymyg the 1 percent performance  requitement and - evaluates  borehole

significance,

4.2.1 Upward Dispersion

Asair flows upward tfrom the potential repository by either barometric or convective smechunisms,
Lateral spreading of radionuclides through the processes of molecular diffuston and hydrodynamie
dispersion s likely to occur. Recent rescarch (Burkhard et al., 198Y; Peterson et al., 1U87)
associated with barometric or atmospheric pumping suggests thit this is a reasonable seenanio o
consider and that the fractures may play a role in contaminant transport. . Some pettinent

conclusions follow;

+ Contaminant transport in the vertical direction through @ nonhomogencous porous
medium is enhanced by atmospheric pumping (Peterson et al., 1987),

+ Itappears that fractures control the pneumatic diffusivity and contaminant tanspon
of the voleanic rocks (Burkhard et al, 1U89),




¢« Fluid travels much faster along the fractures than through the blocks, and the speed
differs along fractures having different apertures (Endo et al., 1984).

Therefore, analyses were performed to determine the nature and extent of such lateral spreading
due to the fractured nature of the tuff as discussed previously in Chapter 2.0).

The advection-dispersion analysis was performed with a two-dimensional plane dispersion model
Javimdel et al.. 1984). Using a cantesian coordiniate system with the x axis oriented along the
direction of the tlow, the two-dimensional advection-dispersion equation can be written as
follows:

D, ﬁ(_’jo[),.'?:_c:.—vic.-kRC:RiE
dx dy? dx ot
where
" = Concentration
D, = Dispersion coefticient along the flow direction
D, = Dispersion coetficient perpendicular to the flow direction
voo= Average lincar flow velocity
R = Retardation fuctor
t = Time
A = Decay constant,

In Appendin G, an advection-dispersion analysis is presented that treats the single-line source
perpendicular to the flow direction and has an approximate width of 1,100 m.

Javandel et al. (1984) used TDAST to evaluate equations for different locations at various times.
TDAST was adapted here, with minor changes to model the transport of radionuclides by airflow
trom the potential repository. A subroutine was added to perform the integration because the
“numerical libraries that the original program used are inaceessible. The simple two-dimensional
potential repository model assumes the following:

 Steady-state flow is in two dimensions, and air disperses from a single-line source
approximately the width of the potential repository.

* A homogencous and isotropic flow medium and a single average lincar velocity, as

determined from the previous analysis in which the direction of flow is normal to
a line source, characterizes the flow.

- el ..._‘-.—-l



+ Both longitudinal and lateral dispersion can occur in the two-dimensional plane.
Dispersion depends on both the longitudinal and lateral dispersion coefficients for
the media.

« The gascous radionuclides are nonreactive, and the retardation factor is 1 (R = 1),

« Radiouctive decay is zero. due to the short transit time from the potential repository
to the ground surface (A = 0).

« Radionuclides are released from the waste packages at a constant rate (¢« = ) at
concentration (Co). (The resulting analyses are scaled to this concentration.)

Aurtlow relationships were develaped to construct the contour plots of average linear velocity.
The three combinations of bulk-rock conductivity presented previously were evaluated. Thewe
combinations were selected to produce a runge of conductivities for welded and nonwelded toff
and to examine the influence of a thinner, less permeable layer of nonwelded tuff on overall
airflow rates, if the conductivities of the welded tuff were high (107 cmvs).

A sensitivity study was conducted using three different velocity values: 7 x 107, 7 & 10, and
4 x 10 nymin. In each case. o = 100 m, and a; = 1, 20, and 100 m. The coeflicient of
molecular diffusion, D', was assumed to be zero, due to its low value compared to other terms,
The distance to the ground surface was 300 m. An additional analysis was performed for lateral
spreading to the Paintbrush contact at a distance of 600 m. The results of the analyses for the
assumed properties are presented in Appendix G.

FFor the isotropic case, the lateral spreading would be limited to several hundred meters from the
cdge of the potential repository. This is a conservative estimate. because the dominance of the
vertical fracture system would force flow to be more narrowly confined around the perimeter of
the potential repository, and in the case of convective airflow analysis, there would be a tendency
for air to be drawn into the potential repository from cooler regions. For the anisotropic casc.
fateral spreading would be limited to several meters using more realistic dispersivity values.

Figure 4-7 presents the potential maximum degree of lateral spreading., considering the 6060 m
boundary and a boundary controlled by the north-south trending fractures. Two cases were
considered.  In the first case, lateral spreading occurs 600 m from the potential repository
boundary.' In the second casc. the degree of spreading reduces on the western and castern
boundaries of the potential repository.

“The model assumes the width from the repository centerling to the edge of the repository is 1,100 m. Clearly,
distances at the southern portion of the repository would be less, and the 600 m would scale accordingls,
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4.2.2 Barometric and Convective Airflow

Recent wark by Lu et al. (1991) evaluated two-dimensional flow and the effects of a low-
permeabiliy layer on potential gas flow at Yucca Mountain, They used a model developed by
Amter and Ross (1990), named the Topographic Induced Flow (TGIF). to simulate gas flow
under Yucca Mountain,  The TGIF model assumes that the air, water vapor, and water are in
thermodynamic equilibrium and flow oceurs by advection.  Also, the model assumes that the air
behaves as anadeal gas under steady-state flow in a single porosity medium.  With these and
other assumptions, the model solves the fundamental equations tor volume balance. the
canstitutive relation for gases and Darey’s Law, From the mass airflow rates, the mode] uses a
post-pracessor to trace particle path lines.

The physical properties of the system include Yucca Crest, with three distinet hydrostratigraphic
untts, as ilustrited in Figure 428, The model includes the thin, nonwelded. sparsely fractured
il layer that entails all or part of several stratigraphic subdivisions of the Paintbrush Tulf, As
i previous analyses performed by Fernandez et al. (1989), the analysis evaluated conductivity
contrints between the nonwelded and welded units. The hydraulic conductivity of the Tiva
Canyon and e Topopah Spring Units was 107 eny/s, while the nonwelded hydraulic conductivity
ranged from 10510 107 em/s, Thus, Lu et al. (1991) selected conductivities somewhat higher
lor the welded units. Yeto as they note, it is the conductivity contrast between the two Kinds of
tut! and not the absolute magnitude of the conductivity thet determines flow-path trijectories,

Ao, Lu et al, (1991) evaluated virious temperatures of the potential repository and surrounding
tock. Figures 4-9 and 4-10 present the results of these analyses. These cross sections through
Yucea Crest developed by Lu et al. (1991) with the given potential repository layout correspond
closely with the cross section near USW UZ-6. These analyses eviluate the condition of no
permeability contrast and for permeability contrasts of 1,000 between the welded and nonwelded
ttts. Thie results at ambient temperature show that with no permeability contrast flow
concentrites at Yueea Crest. For the case of a permeability contrast by the factor of 1,000,
continement by the nonwelded tatf is complete, and separate convection cells develop above and
below this fayer. On the western side of the potential repository. flow exits in Solitario Canyon
in the upper portion of the Topopah Spring Unit. The results at elevated temperature with no
penmeability contrast show that the Targe temperature gradients dominate the fow regime with
a much less significant tendency for flow to concentrate near Yucca Crest. For the case of a
permeability contrast at elevated temperature, two separate flow systems again develop, and the
results suggest that even for airflow that develops at the center of the potential repository, flow
exits in Solitario Canyon in the upper portion of the Topopah Spring Unit.

In considering the significance of individual borcholes, Figure 4-11 presents the distances of
existing and proposed borcholes from Yucca Crest. Boreholes within the range of about 1010 m
of the crest might undergo enhanced flow under ambient temperature conditions due to the
concentration of low near Yucca Crest. The existing boreholes include USW UZ-6s, USW H-3,
USW H-5, and USW UZ-6. The proposed boreholes include only USW SD-3. After potential
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repository heating oceurs, the results show that boreholes within the potential repository. or more
specifically, the heated arcas of the potential repository, would be significant and that the
boreholes near Yueea Crest have little added significance with respect to convective transport.

Where a significant contrast in conductivity oceurs, the results supgest separate flow regimes
above and below the nonwelded tuff and the need to place a high-quality seal in the Paintbrush
nonwelded talT unit to reduce the potential for flow to oceur across this zone above the potential
repository. Preferential flow of contaminated air could occur up through borcholes collared in
the Topopah Spring Unit to the west of the potential repository (USW H-7 or USW WT-). as
illustrated in Figure 4-11. High-quality seals need to be placed from the top of the Topopah
Spring Unit in these arcas.

4.2.3 Performance Requirements for Airflow

This section presents the results of an airflow or advection calculation, considering existing and
proposed boreholes within the potential repository and the extended boundary of the potential
repository as presented in Section 4.2.1. Flow accurs completely thraugh the seals from the
potential repository to the ground surface or in series through the rock web below the borehole
and then through the backfitled borehole (Figure 2-5). The calculations use the three rock-mass
maodels presented previously to find the performance requirements for borchole seals,  This
section addresses the relative significance of drilling boreholes to varying depths and the
performance requirements that satisfy the performance goals established for airflow.

Flow will be established through the rock web near the heat source and through the backfilled
hole (for shallow holes) or through the entire backfilled hole (for holes penetrating through the
potential repository horizon).  The performance requirement limits airflow caused by cither
convective or barometric transport to 1 percent of the flow through the rock mass for all affected
boreholes. This is expressed mathematically as follows:

OUd=c)A=i = Y (K, *A,)i

1"l
where
d = Mean depth of potential repository to the ground surface
¢ = Mean conductance of the rock model
K. = Equivalent vertical conductivity of the backfill
A, = Cross-sectional area of borcholes near the surfice depth
i = Airflow gradient
A = Cross-sectional area of the poteatial repository.

Appendix H opresents harmonic mean computations for individual borcholes.  In these
computations, the seal conductivity is selected for each rock model. and the harmonic mean is
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calculated for cach borehole and summed over all boreholes that satisfies the above relationship,
The harmonic mean computation depends on the depth of borehole and the units penetrated. As
discussed in the appendix, for deep holes penetrating the potential repository, the cquivalent
vertical conductivity equals the effective seal conductivity. For shallow boreholes, the vertical
conductivity is nearly equivalent to that of the rock.

The air-dispersion calculations established the extended boundary of the potential repository.
Approximately 116 existing and proposed boreholes could be subjected to convective and
haromeuic airflow,  OF these holes, approximately 30 deep boreholes penetrate to the potential
repository horizon,

Using the criterion established for airflow above, the calculated conductivities siutisfying the
I pereent criterion are presented in Table 4-3:

Table 4-3

Required Seal Performance (m/min)
[Allowable Seal Conductivity Calculation]

Area Model 1 Model 2 Model 3
[ Extended Repository® 9.0 X 10° 1.4 X 10" 49X 10"
Repository 1.7 X 107 26 X 10" 8.8 X 10"

"This analysis conservatively assumes that flow through the rock is over the area of the repository. It flow
through the rock of the extended repository 1s included, the seal performance requirement would be
somewhat higher. :

The lower values for the seal conductivity (K)) for the extended boundary of the potential
repository reflect air flowing through additional borcholes. requiring a4 more conservative value
to satisfy the 1 percent flow requirement.

Tectonic features may affect the convective or barometric air transport out of the potential
repository. Scott and Bonk (1984) present several categories of tectonic features for the potential
repository. - Assuming that fault zones are 15 m wide and fractures are 5 m wide, the area of
these zones represents approximately 4 percent of the total potential repository area. The etfect
of tectonic features such as faults would result in a higher and less restrictive performance
requirement for air conductivity for seals, if such zones exhibit higher conductivity than the
surrounding rock mass, since these zones would become dominant zones for airflow. When
encountering high-conductivity fault zones, sealing boreholes becomes less imperative because
flow may dominantly oceur through such zones.  Alternatively, tectonic features lower in
conductivity are unlikely to affect the seal performance requirements because their cross-sectional
arcas are small compared to that of the potential repository.
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4.2.4 Conclusions from the Air Release Calculations

The product of the equivalent scal conductivity (K,) multiplied by the cross-sectional area (A).
represents the scal-system conductance for a single borehole. Appendix H illustrates the relative
significance for the boreholes as the cumulative flow rate and for the 116 borcholes cumulative
thin rate piotted as a function of borehole length. The sclected performance requirement depends
on the rock conductivity model employed. "Model 1 is the least conductive rock combination,
while Model 3 is the most conductive combination. The results for all three models show less
significance by § to 6 orders of magnitude for surficial borcholes than for intermediate-depth
borcholes penetrating the potential repository.

The following analysis is presented to provide guidance to the surface-based testing program as
to the consequence and risk involved in abandoning a borehole without sealing.  The objective
of the following analysis compares airflow through a single abandoned borehole to the flow
through sealed deep boreholes.,

The calculation presented above and in Appendix H shows cumulative flow through all boreholes
within the extended boundary of the potential repository. The most significant boreholes are deep
horeholes that are cased. Thus, the casing provides access to sealing locations at depth.  Yet,
several boreholes may be uncased, and in these few instances, an evaluation of the performance
of a single abandoned borehole for each of three models is of interest, since the placement of
high-quality seals may not be possible.

For purposes of evaluation, this report considers the existing USW UZ-6 borchole that has a large
diameter at the potential repository horizon. It also considers that the effective hydraulic
conductivity of the abandoned borehole cquals 10 enm/s (equivalent to an air conductivity of
(.4 meters per minute). The conductance can be compared to the cumulative conductance for
the three models in Appendix Tl The relative significance of a single abandoned borehole
depends on the model employed. For the low-conductivity model (Model 1), a single abandoned
horchole provides a greater conductance than 1K) boreholes combined together (or 30 boreholes
penetrating through the potential repositovy horizon).  For Model 2, the conductance of a single
abandoned borehole represents about 1) pereent of the total flow. For the most conductive model
(Model 3), the flow through a single abandoned borchole is not significant, in that the design
requirement expressed as an air conductivity for scals is of the order of 4 m per minute
(equivalent to a hydraulic conductivity of 100 cns).

The above analysis does not include fault zones that may have a higher conductivity. If fault
zones are persistently higher in conductivity, they might tend to dominate convective airflow, and
a single abandoned hole would have less significance. On the other hand. if the low-conductivity
model is appropriate with a flow resistance dominantly occurring in low-conductivity formations,
the abandoned borehole has added significance.




The 30 boreholes penetrating through the potential repository dominate airflow and require
scaling to the performance requirement. The surficial boreholes do not require scaling to the
performance requirements and can be backfilled or left untreated.
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5.0 Design Evaluation of Borehole Seals

This chapter presents hydrologic, airflow, and structural design evaluations that address the
selection of design requirements to satisfy the water-flow and airflow performance requirements
presented in the previous chapter. This chapter also addresses other how and when to scal issuces.
Structural seal designs are evaluated for combinations of scal, backfill, thermal, and seismic
loading. This design information is then used to identify important design issues and to select
seal materials and placement methods that will optimize seal design.

5.1 Air and Water Design Requirements

In relatively unfractured rock, flow can occur through the seal matrix and through the seal
interface (Figure 5:1). In Chapter 2.0, flow through a borehole test seal supported the theory that
the interface zone behaves like o fracture in that, at low effective stress levels, the interface opens
and exhibits high conductivity. At higher stress levels, the interface closes and exhibits a much
iower conductivity, The following analysis develops @ model for the interface zone to identify
properties of the seal matrix and interface that satisfy the performance requirement.!

Flow can occur in paratlel through the interface zone and the seal matrix (Figure 5-1) as follows:
2 - * »
K*A=K,*A, +K*A,

where

K, = Effective seal conductivity for the seal as caleulated previousy
A, = Scul cross-sectional area

K, = Seal matrix conductivity

A, = Scal matrix arca

K, = Interface zone conductivity

A, = Interface zone area.

Noting that the area of the seal and the matrix are nearly identical, the following is obtained:

A=A =ge=r’

whete r = Radius of the borchole,

"I this theoretical discussion, it may be ditficult in practice to identify and measure separate flow regions
through the seal matrix and intertace 7one. Consequently, performance testing needs to ook at compenite
clects, The aceeptance criteria might state that the Qow e divided by the head difference be Tess thin i
certain conductinee value, Yet, it is of interest to disenss theoretical properties, in that discussion can highlight
unportant design issues (o be constdered in selecting materials and placement conditions.
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The arca of the interface is approximately equal to the interface aperture times the circumference:

A, = 2z rh,

From Case and Kelsall (1987). the hydraulic conductivity of a single fracture may be related to
the equivalent smooth-wall fracture aperture by the following relationship:

K=gpl)’ _ubh®
12n  12v

where

b = Smooth-wall aperture

K = Fracture conductivity

p = Mass density

¢ = Acceleration due to griavity

p = Dynamic viscosity (or absolute viscosity).

By definition, p = v * p. where v = kinematic viscosity.

Substituting the above relationships in the relationship for parallel flow:

K eneri=zK, =n e8P0 S aparan,
) 12p

The relation states that flow through the seal matrix equals the product of the cross-sectional area
and the matrix conductivity., The flow through the interface is given by the cubic law for
smooth-wall fracture apertures. which states that there exist combinations of scal matrix
conductivity and interface aperture that satisfy the performance requirements.  Another
relationship, which assumes a fracture runs down the center of the seal with interfuce aperture
properties equivalent to the properties of the interface zone, states:



K *n 'r:=I\’"'n~r2~.'_‘£I_’;2-n erab o KPPy,
' 12n 12u

5.1.1 Airflow

The calculations presented in this section evaluate several combinations of airflow to obtain scal
design requirements, including flow through the interface, represented by o peripheral crack or
a peripheral craek in combination with o longitudinal crack through the seal matrix.  For
boreholes penetrating the potential repository, the seal design satisfies the 1 percent performance
requirement by selecting a seal-matrix conductivity and interface-zone conductivity that results
in an effective seal conductivity, The effective seal conductivities were obtained in Section 4.2.3
tor rock Maodels | through 3 and for the potential repository (Maodels 1, 2, and 3) and eatended
boundary of the potential repository (Models 1E, 2E, and 3E) boundaries. Figure 5-2 illustrates
the combinations of seal-matrix and interface-zone conductivities, as expressed by an effective
smooth-wall aperture and matrix conductivity that satisfies this requirement. The three rock
models are presented for both the potential repository and the extended boundary of the potential
repository as presented in the previous chapter. Combinations below the frontier provide
acceptable performance for cach of the six cases analyzed. The results suggest materials tha
exhibit matrix conductivities below 107 en/s and an effective smooth-wall aperture of less than
SO0 pm satisty the performance requirement. As stated previously, the results suggest selecting
more conservative requirements when considering the potential repository boundary. They also
sugpest a close relationship between requirements and the host-rock conductivity., with a lower
peiformance requirement for Model 1 than for Maodel 3. Figure 822 presents the intTuence of o
longitedinal crack with assumed properties equivalent to the peripheral interface zone. These
nearly identical results suggest that there is no significance to the development of longitudinal
cricks if they are tight or (as suggested by previous studies) are under confining pressure, which
tends to result in a tight interface,

5.1.2 Water Flow

The caleulations presented in Figure §-3 evaluate hydrologic flow to obtain o seal-design
requirement, using the same approach presented abave for airflow,  The seal design for
hydrologic flow below the potential repository sitisfies the 1 percent performance requirement
For water flow by selecting a seal matrix conductivity and interface-zone conductivity that results
in an acceptable effective seal conductivity, The results suggest that materials exhibiting matrix
conductivities below 10 ens and an effective smooth-wall aperture of less than 100 iy satisfy
the current performance requirement, '

5.1.3 Conclusions for Alr and Water Design Requirements

In selecting design requirements, more stringent requirements are applicable below the potential
repository for water flow than are applicable to aiflow above the potential repository,  This
suggests that the selection of a low seal matrix conductivity alone is not sufficient, if the
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5.2 Considerations When Emplacing Seals

This sectinn presents information on how and when to seal exploratory borcholes. Section 5.2.1
discusses the various stages in plug development and loadings of seals and includes a discussion
of open boreholes, open borcholes near the potential repository horizon, scaled boreholes, and
the postelosure environment. Section 5.2.2 discusses methods of analysis, modeling assumptions,
and input propertics for performing analysis for open borcholes, sealed boreholes, and evaluations
of scaled borcholes during the postclosure period.

5.2.1 Stages in Plug Development and Sealing

Seals should be emplaced at key locations using selected material placement methods and
geometry to provide load resistance to various combinations of dead, seismic, and thermal loads
and to provide strength serviceability. The list of potential degradation mechanisms (Table 5-1)
shows those physical mechanisms that might affect hydrologic performance., including channeling
around the seal, mechanical degradation and deformation of the scal, modification of borehole
fill properties, and chemical degradation.  Associated with cach failure mechanism are strategies
to mitipate scal degradation.  All of these general strategics are recommended to be part of the
overall sealing strategy.

In the following discussion, the various stages in casing removal, scal development. and
postclosure seal performance are presented. At cach stage. the sealing design and emplacement
strategies can be adopted to mitigate seal degradation.

5.2.1.1 Casing Removal and Exposure of an Open Borehole

The results of previous studies (summarized in Chapter 2.0) established the importance of an
interface zone between seal and rock (DOE, 1988). Prior to scaling, the casing may or may not
be in contact with the surrounding formation. If the formation has collapsed around the casing.
the potential exists for casing corrosion and instability. For an open borchole, the radial stress
relieves and the tangential boundary stress increases, resulting in potential failure of the
surrounding rock. If waste is emplaced in the potential repository before seal emplacement, the
tangential boundary stress increases in response to the higher-temperature environment. Further,
if boreholes penetrate to the potential repository horizon, stress-interaction effects with the
underground openings could result in stress-concentration effects near borcholes.

5.2.1.2 Plug Emplacement and Backfilling

During seal emplacement (Figure 5-4), the heat of hydration from the sclected seal materials
produces an increase in temperature and thermal gradients that results in short-term thermal
stress. The plug expands thermally during curing and subsequently contracts during cooling.
Residual compressive or tensile stresses can develop within the plug and could result in potential
separation at the interface zone.  The permanent effect, shown subsequently by modeling,
depends on (1) heat evolution due to hydration, (2) thermal diffusion to the surrounding welded
and nonwelded wff, (3) thermal expansion of the plug, and (4) evolution of the thermomechanical
propertics of the plug during the curing process.

5-7
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Table 5-1
Sealing Strategies to Mitigate Seal Degradation

Degradation Mechanism

intiating Procass ot Event

Sealing Strategy to Mitigate Failure

Dosigr.

Placoment

Channeling around seal:
Interface bond separates in
shear

Increase in load rosulting trom
flooding .

Lower than anticip ted resistance
due to bond impertections

increase langth ol the plug (1)

Empiaco seals panochcally or
conlinuously (2)

Reduce hydraulic gradwent across
the plug by increasing drainage into
formaton {casing removal), by
increasng the length of the seepage
path (plug langth), by decreasing il
porosty (densitying tilt), and by
mection of grout into formation (3)

Dacrease potential load by placing
plug near surface (4)

Provde higher interface 2one bond
strength by using low pressure
squeezing or by ‘ncluding expansive
propertias (5)

Place seals in areas whete the plug
emplacement i3 not as senstve to
emplacement procedutes (6)

Implement quality control
procedures during placement (7)

Recondtion wall 1o remove
mudcake or other matenal buildups
on borehole wall {8)

Interface bond fails in tension

Seismic load in excess of mterface
strength

Place seals away from the ground or
2onaes ot large anticipated
drsplacements or accelerahons (10)

Engineer doformational properties of
the seat to be simiac to the
surrounding formation (11)

Provide sttiness and expansivity to
increase the intertace efective
stress and inctional resstance {12)

(5)
o
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Table 5-1 (Continued)
Sealing Strategies to Mitigate Seal Degradation

Degradation Mechanism

Initiatling Process or Event

Sealing Strategy to Muigate Fadlure

Design

Placement

Zona around seal separates due
to improper placement

Overprassurization‘expansion results
in high stress and subsequent falure
at the intedace .

Dtterential *hermal expansion
between seal and host rock

Insufticient seal-injection pressure
and’or volume

M@

(7} (5)

Place seals away trom high
tempetature zone

Place comentitious seal at a
temperature lower than the
surrounding formation (15)

Mechanical degradation and
deformation:
Axial and radial deformation

Massive deterioration of seal

Erosion of surficial materials at
surface leads to mechanical
instability at the surface

Shrinkage of material due to thermal
loading {rom waste

Cracking due to saturation and
desaturation of seals

Cracking of plug material resulting
from a superimposed stress field
comprised of in situ, thermal,
seismic, and static stresses

(1) (2) ) (10) (11) & (12)

Control thermal strains during
cement hydration and subsequent
cooling to prevent micro-cracking of
the plug

(S) (6 (7} (8) (15)

Place a seal material that has the
feast susceplibility to saturation’
desaturation cycling




Table 5-1 (Continued)
Sealing Strategies to Mitigate Seal Degradation

Degradation Machanism

Initiating Process or Event

Sealing Strategy 1o Mitigate Failure

Design

Placement

Modification of fill properties:
Settlement

Static loading of fill from overlying tiil
{unsaturated and saturated)

Reduce potentral load by periodic
installation of weight-bearing plugs

Restrict water from entering

borehole (13) by

+ Emplacing a capillary barrier in the
unsaturated zone

» Emplacing an impermeable fill in
saturated zones through selection
of suitable materials, compaction
control, and use of additives

Reduce permeabilty by emplacing
backfill at high density and low
porosity (14)

Liquetaction

01-s

Dynamic consolidation caused by
seismic loads

(13)

Provide suitable gradation to reduce
dilation of particles in granular fill

(19)

Chemical degradation:
Dissolution of seal

Heated/unheated water moving past
the seal will dissolve the seal
material

Balance geochemistry of seal with
that of the rock

Reduce the surface area of the grout
exposed to the groundwater by
having a low-permeability grout

Place primary seals away from
heated environment which will
decrease the kinetic rates of
dissolution

Place grout bulb around primary
borehole seal to decrease the
potential of groundwater contacting
the primary seal

Jplm'
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separation ai the interface zone.  The permanent effect. shown subsequently by modeling,
depends on (1) heat evolution due to hydration, (2) thermal diffusion to the surrounding welded
and nonwelded tuff, (3) thermal expansion of the plug, and (4) evolution of the thermomechanical
propertics of the plug during the curing process.

5.2.1.3 Increased Temperature Environment

After seal emplacement and potential repository decommissioning, the temperatures increase it
key sealing locations over a period of 50 to S.0(X) years, resulting in an increase in thermal stress
for the seals. As discussed previously, the thermal environment at specitic sealing locations
depends on the elevation above or below the potential repository and on the proximity of the
borchole to the waste-emplacement areas.  The farther away from the potential repository that
the borehole is located, the smaller the thermal effects during the postelosure period.

5.2.1.4 Saturation of the Backfill )

After plug emplacement, backfill emplaced above the plug results in an increase in confining
pressure and instability of the interface zone. I settlement occurs below the plug, this could
result in the loss of support. an increase in shearing stress, and potential failure across this zone.
Further, if the backfill becomes saturated. resulting in perched water in the borehole, pore
pressures could increase, and effective stresses could be reduced across the interface zone,

5.2.2 Technical Approach to Corrosion Allowance and Stress Calculations

The preliminary caleulations evaluate the various combinations of loadings occurring during the
various stages.  In superimposing loads, the analysis uses simple calculations, Some of these
caleulations use conservative loading assumptions. Figure 5-5 shows the state of stress in (1)
casing and an open borehole, (2) a sealed borehole, (3) a backfilled borehole subject to thermal
loading. and 4) a backfilled borchole subject to saturation over some depth,

In Section 5.3, the "when” to seal issues are evaluated. A general discussion of casing corrosion
is presented followed by a corrosion-allowance calculation. In the corrosion-allowance concept.
the allowable reduction in casing wall thickness under the conditions of uniform corrosion is
calculated using standard buckling formulas for casing.  This allowance is compared to the
expected corrosion rate to show how long the casing is structurally sound after the emplacement
of waste. This calculation will determine “when™ to seal.

Open borehole evaluations using the Kirsch (Goodman, 1980) solution are presented at the upper
scaling location, the potential repository horizon, and the lower scaling location.  These
evaluations consider in situ and elevated temperature.  Further evaluations of the interaction of
open barcholes with the surrounding excavation are made at the potential repository horizon.
Conclusions are drawn as to "when” to seal,

In Section 5.4, structural analysis of cementitious seals are made that consider the properties of
the cementitious materials and surrounding rock and  emplacement environment.  These
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evalustions use the SHAFT.SEAL code (Case, 1985). A combination of analytical methods are
then used to evaluate backfill, thermal, and seismic loads after scal emplacement.

5.3 Corrosion of Casing and Open Borehole Issues

Prior to seal emplacement, access to the upper and lower seal location must be assured. The
following discussion considers cased and open boreholes after removal of casing at scaling
locations,

5.3.1 Corrosion of Casing

Several factors affect corrosion of the steel casing. The funduamental consideration is whether
the host rock contacts the steel. That in turn determines the nature of the clectrolyte. Other
considerations include the composition and humidity of the air for a freestanding casing and the
host-rock resistivity, groundwater chemistry. and drainage for carthen materials contacting the
steel casing. Appendix A presents the physical system at Yucea Mountain for cased borcholes,
which includes borehole configurations, casing configurations, and locations where casing is
grouted. Tables A-10 through A-12 present the casing information at hey sealing locations, In
general, the casing does not contact the host-rock formation: however, in isolated zones where
tock-mass strength may be exceeded. the casing may contact the host formation. The remainder
ol the section discusses these considerations as they apply to corrosion of API Grades H oand J
cathon-steel casing at the Yuceca Mouantain site.

5.3.1.1 Atmospheric Corrosion

Atmospheric corrosion is generally an electrochemical process (Mattsson, 1982),  When the
casing surface is eaposed to air, corrosion develops because of point-to-point differences in
potential.  These include local differences in composition, as from a precipitated phase or the
presence of an impurity or inclusion, and differences in structure induced by cold work or surface
preparation, the presence of welds, and the lack of homogencity. These intTuence the formation

of corrosion cells,

For casing exposed to air, oxidation oceurs when the relative humidity is greater than 70 percent.
Oxidation requires surface moisture and the presence of an clectrolyte. For hydroscopic salt
deposited on the casing surface, the critical humidity cquals the vapor pressure of its saturated
solution,

5.3.1.2 Soil-Rock Corrosion

Larthen materials can be considered aqueous electrolytes: the corrosion of steel in contact with
carthen materials is a special case of aqueous corrosion.  The availability of dissolved oxygen
and the conductivity of the electrolyte determine the corrosion rate of curbon steel in neutral
aqueous solutions.  The conductivity of the electrolyte in turn depends on the percentage of
moisture saturation.  Steel in contact with earthen materials corrodes by local-cell action,
long-cell action, or a combination of both. Both local-cell and long-cell action are possible for




casing in contact with tuff. In carthen materials that have variations in composition with respect
to permeability and saturation, long-cell action resulting in noniiniform corrosion is an issue.

In local-cell action, oxygen is reduced at microscopic cathodic sites. oxidizing iron at adjacent
anodic sites. T7.is results in uniform corrosion and is not often severe in unsaturated carthen
materials. The corrosion rate of a dry host rock should be small, due to the high resistivity of
the clectrolyte.  Because of extremely high corrosion rates in carthen materials, the idea of un
carthen material as a homogencous static clectrolyte is not always applicable.

As electrical conductivity of the host rock increases (increasing moisture content), long-cell actior.
hecames possible. In long-cell action, a macroscopic distance separates the cathodic and anodic
sites. or zones. The driving foree for the long-cell action derives solely from the difference in
availability of oxygen between the two zones, independent of the means of achicving this
difference. The host-rock conductivity of the electrolyte determines how far apart the zones can
be for long-cell action to occur. In high-conductivity situations. the distance can be greater than
100 1.

The dependence of long-cell action on differential availability of oxygen evolves from a variety
of corrosion phenomenit. An anodic zone oceurs (15 where salt content is higher or there is a
lower solubility of oxygen than at a nearby zone: (2) where the water velocity is lower than at
an adjacent region, even when the bulk oxygen concentrations for both regions are the same: and
() in a material of low permeability to water.

In unsaturated rock, a thin film of water is left on the surface of steel exposed to soil. In contrast
to aqueous solutions, where the diffusion film separates steel from water that contains a few parts
per million of dissolved oxygen, air separates the casing from the host rock.

Schashl and Marsh (1963) reported a set of corrosion experiments in drained soils.  They
conducted experiments by inserting a steel electrical-resistance corrosion meter probe, a zine
anode, and a steel cathode into soil maintained at various water saturations. A recording
seroeresistance ammeter between the zine and steel electrodes measured cathodic activity that
would be available to drive long-cell action. The isolated probe provided the corrosion rate as
a ineasure of local-cell action. At saturation, both local- and long-cell actions were negligible.
With draining of the soil. local-cell action and long-cell cathoadic activity sharply increased, with
a decrease in water saturation. Oxygen entered the pores and contacted the steel across the thin
film of water. "'When the water saturation had decreased to about 70 percent, cathodic activity
was o maximum.  Further decreases in water content introduced additional resistance to
long-cell action to the point that long-cell action became negligible. Figur'c 5-6 summarizes these
findings. They include the following (Schashl and Marsh, 1963):

+  Long-cell action can occur at water saturations between S0 and 95 pereent. Local-cell
action oceurs between saturations of 5 and Y5 percent.
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« Soil electrical resistivity determines the intensity of local-cell action at any given
water saturation. ’

« A soil that does not drain at all, but remains 95 to 1K) percent water-saturated. is
noncorrosive, despite its resistivity.

« A soil that drains slowly and therefore remains 50 to 95 percent water-saturated for
long periods will be corrosive, especially if its resistivity is low.,

«  Where carbon-steel casing penctrates a homogeneous soil and the soil’s water content
ranges between S0 and 95 percent water saturation in the upper zone of contact and
between 95 to 100 percent water saturation in the lower zone of contact. long-cell
action will occur.  Cathodic activity may be so high that no corrosion will occur in
the upper drained zone. The observer, noticing intense pitting at the deacrated lower
depth, might conclude the soil is very corrosive in the region, whereas the corrosion
depends on the presence of the upper aerated zone.

The suction potential also affects the development of long-cell action by influencing the degree
of saturation. Siunds exhibit a flat curve of water saturation versus suction potential.  Steel
contacts the sand at the critical water saturation at essentially onc line. Cathodic activity would
be intense here, but the area of metal exposed as a cathode would be small.  Clays retain
maoistare at nearly 100 percent, and air cannot enter, resulting in small cathodic activity. For
practical purposes, steel exposed entirely to this soil will not corrode. If the steel contacts a
drained, impermeable clay soil, it will corrode at the anodic area because of long-cell action,

For other soils, a range of saturation over some distance of the casing occurs, and cathodic
activity over this distance is expected. There may be many feet of vertical distance above the
water table in which the water saturation is between S0 and 95 percent. Intense cathodic activity
would be expected throughout the vertical distance for steel in contact with this host rock.

Another factor affecting the corrosion rate is the rate that soil conducts electrolyte or host-rock
permeability. Schashl and Marsh (1963) reported experiments in sand that show the relationship
of the local-vell corrosion rate with permeability and indicate that, as permeability reduces, the
corrosion rate reduces. Corrosion caused by local-cell action should decrease with depth of soil
as the material becomes less dense and less porous.  Corrosion caused by local-cell action
decreases with depth for steel pilings driven into undisturbed soil. but corrosion commonly
increiases with depth, suggesting long-cell action,

5.3.2 Computation of the Corrosion Allowance

The following analysis evaluates the structural stability of the casing at key depths for selected
borcholes und supports the scaling strategy development for casing removal. The analysis uses
the corrosion-allowance concept, which calculates the reduction in casing wall thickness under
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the condition of uniform corrosion that can be sustained before casing collapse develops. This
allowance is compared to the expected corrosion rate to show how long the casing may be
structurally sound.  The preliminary analysis considers the geometric and material properties of
the casing, the depth to the casing (in situ state of stress) at approximate sealing locations, and
the proximity of these locations to the potential repository heat sources (Figure 5-7). To perform
preliminary analysis, a number of assumptions were required:

« The formation contacts the casing at each seal location and subjects the casing to
a uniform isotropic external pressure duc to the interaction of the steel casing with
the formation at cach sealing location for the unheated case. The analysis uses the
SHAFT (Agapito and Associates, 1990) code to calculate the external pressure
acting on the casing.

« The wmperature increase caused by potential repository heating results in a thermal
stress field that depends on the sealing location.  For boreholes penetrating the
potential repository or near the potential repository boundary, the thermal stress
ficld is compressive, while the stress field is slightly tensile farther away from the
potential repository. The thermal stress components are calculated for an isotropic
homogencous medium using the STRESS3D analysis presented previously.  The
analysis averages the thermal stress components in the horizontal plane and
caleulates the increase or decrease in external casing pressure for the heated case
using the SHAFT computer code.

« The casing is comprised of cither 130 or JSS carbon steel (Craft et al., 1962),
which have yiclded stresses of S0, or 65,000 psi. respectively. The mode of
failure is either elastic or plastic buckling, depending on the critical buckling stress
for the casing, that in turn depends on the casing slenderness ritio (the ratio of the
external diameter to wall thickness),

The analysis is conservative in that if the critical buckling load were reached under thermal
loading. the loads would likely redistribute and result in only localized buckling, The casing
would be deformed but would not pose a serious operational hazard. On the other hand. the
casing may be suspended from above and subjected to tension or supported from below and
subjected to compression, Either tension or compression would result in potential biaxial loading
in which the casing could buckle under a combined state of stress.  On balance, the adopted
approach is reasonable for performing preliminary caleulations and addressing issues of casing
removal prior to sealing,

Tables A-10 through A-12 present the casing geometries at -three potential sealing locations,
including the PTa/TSw1 contact. the potential repository horizon (TSw2), and the TSw3/CHnl
contact. The slenderness ratios range from 18 to 36 above the potential repository and from 18
10 30 at or below the potential repository.  The critical clastic buckling stress (Craft et al., 1962)
is as follows:
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p o= 4695 x 10°
(d/nld s - 1)

where

l)
dn

External collapse pressure (psi)
External diameter (d)) to thickness ratio (t).

i

The critical plastic buckling stress (Craft et al., 1962) is as follows:

Ry
ro=y |7 g03s
1 dj
where Y, equals the yield strength of the casing (psi).
In these caleulations, a uniform isotropic stress field is assumed for purposes of utilizing the
thickness is computed. A nonuniform state of stress may result in nonuniform buckling, which

buckling formulas. The critical slenderness ratio is caleulated, and the allowable change in wall
may differ significamtly from what is presented above,  Further, the analysis does not fully
constder the differential thermal expansion occurring between the steel and  surrounding
formation, lthough it does consider differences in stiffness between the casing and the
surrounding formation. Nevertheless, the analysis approximates conditions that might result in
buckling and is useful ¢+ crapare the relative differences in casing conditions that may be
encountered at depth.

Table 5-2 presents the results and several interesting trends. These results show that differences
in the grades of carbon steel are not significant in calculating the corrosion allowance.  The
corrosion allowance  principally reflects the design margin in selecting  different casing
configurations at the time of exploratory drilling. The design margins vary widely and decrease
with depth.  Figure 5-8 presents results for USW SD-4 and USW G-3 that compare the
slenderness ratios to the casing buckling curve for the heated and unheated cases at three sealing
locations and show the design margin for casing collapse. A comparison between the unheated
and heated cases shows either no effect or a tensile effect at the upper Paintbrush contact zone,
large temperature effects at the potential repository horizon for holes penctrating the potential
repository (USW SD-4 und USW G-3), and intermediate temperature effects at the lower contact
zone. For USW SD-4, the casing is not at incipient buckling at the lower contact zone for the
unheated case subject to external formation pressure.  For USW SD-4, potential repository
heating after 60 years results in increased thermal stress and in incipient buckling of the casing.
suggesting removal of the casing and placement of a seal prior to potential repository
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Table 5-2

Borehole Casing Corrosion Allowance

In Sttu Stress In Sttu Plus Thermal Stress®
H-40 J-55 H-40 J-55
Thermal’ Casing Initial External Corrosion Corrosion External Corrosion Corrosion
Seal Mechanical Diameter Casing Pressure Allowance Allowance Pressure Allowance Allowance
Location Unnt Borehole (in.) Thickness {(MPa) {in) {in.) (MPa) (in.) (in.)

1 PTn H-5 10.75 (035 3.529 .094. .0107 2.773 0.106 0.117
H-1 16 0.438 3.465 .058 0.078 3.563 0.056 0.076
H-3 10.75 0.4 3.573 .143 0.157 3.651 0.142 0.156
SD-4 16 0.4895 3.511 114 0.134 2.744 0.133 0.149
SD-6 16 0.495 3.511 114 0.134 2431 0.141 0.155
1 TSwi H-5 10.75 {0.35 2.824 105 0.116 2219 0.116 0.124
H-1 16 0.433 2.664 .078 0.093 2,740 0.076 0.092
H-3 10.75 |04 2.941 154 0.165 3.005 0.152 0.164
SD-4 16 0.495 2778 132 0.148 217 0.147 0.160
SD-6 16 0.495 2.778 32 0.148 1.923 0.153 0.164
2 TSw2 H-5 10.75 ]0.35 5.897 .054 0.072 11.998 -.047 -.001
SD-4 10.75 ]0.35 5.897 .054 0.072 12.931 -0.62 -0.013

SD-6 10.75 |0.35 5.897 .054 0.072 13.348 -0.069 -0.018

3 TSw3 H-5 1075 }0.35 10.156 -0.016 0.018 10.561 -0.022 0.015
H-1 9.62 |0.352 10.521 0.019 0.052 10.521 0.018 0.051

H-3 10.75 (04 10577 0.027 0.064 10.624 0.026 0.064

SD4 10.75 {035 10.156 -.016 0.018 9.844 -0.011 0.022

SD-6 10.75 1035 10.156 -.016 0.018 10.029 -0.014 0.020

*The corrosion allowance is calculated for a thermal load of 57 kWracre tor tuel aged 30 years.
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decommissioning.  The results also suggest that heat-loading density affects potential buckling
of casing for USW SD-J4 at the potential repository horizon, with the casing external pressures
near incipient failure for the lower heat loading and well above incipient failure for the higher
heat loading of 100 kW/acre, This is in contrast to the thermal response of USW G-3, which is
outside the high thermal compression zone after 60 years and experiences no rise in external
pressure.,

5.3.3 Structural Analysis of Open Boreholes

5.3.3.1 Kirsch Solution for Open Boreholes

The state of stress around an open borehole can be represented by the Kirsch solution (Goodman,
TUSt),  In an isotropic stress field. the Kirsch solution gives the radial and tangential stress
disttibutions as tollows:

“’
c, =qa,l - —]
e
a?
Un = Gh” * .l
PE
where
a, = Far-ficld horizontal stress
o, = Radial stress
g, = Tangential or boundary stress

Borchole radius
Radius.

o
r

At the borchole wall ir = a), the Kirsch solution predicts for an isotropic stress field that the
radial stress is zero and that the tangential or boundary stress is twice the far-field stress.

5.3.3.2 Stress Analysis at Various Seal Locations

For the upper sealing location, the potential repository horizon, and the lower sealing location,
the fur-field states of stress are 2.4, 7.3, and 8.7 MPa. respectively.  Considering that the
maximum time of emplicement is 60 years after potential repository development (heat loading
cquals 57 kW/acre), the combined in situ and thermal far-field stresses are 1.7, 15.2, and 10.7
MPa, respectively. A slight reduction in compression occeurs in the far-field horizontal stress at
the upper seal location No, 1 consistent with an increase in compression near the potential
repository after potential repository heating, Table §-3 presents these caleulations, In comparing
these stress levels with the strength criteria in Chapter 2.0, it is found that, for the upper sealing
tocation, there is likely to be adequate rock-mass strength. For the lower scaling location, rock-
miss strength s less, and it is possible that open boreholes could fail under high temperatures,
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Simple Stress Calculations for Open Boreholes

Table 5-3

Radial Tangential
Seal Temperature Stress Stress Vertical Stress
Location Loading (°C) (MPa) {MPa) (MPa)
1 In situ 22.7 0 4.80 3.39
1 Thermal 26.7 0 3.42 3.49
2 In situ 29.2 0 14.56 9.21
2 Thermal 60.8 0 30.30 5.42
2 Thermal 87.2 0 36.68 9.90
(Center of
Panel)
3 In situ 29.8 0 17.48 10.42
3 Thermal 42.3 0 21.38 11.56

5.3.3.3 Structural Analysis of an Open Borehole Near Underground Openings

A zone of influence defines a domain of significant disturbance of the pre-mining stress field by
an excavation at the potential repository horizon (Brady and Brown, 1985). The excavation of
a drift in a rock mass disturbs the state of stress around the opening and gencrates a stress
concentration that may then cause failure in the surrounding rock mass. A proposed borehole
(Figure 5-9) in the zone of influence of an opening should not pass through the failure zone
around the opening,  Neither should the state of stress around the proposed borehole, due to the
stress concentrition around the opening. cause failure around the borehole,

Because a drift is much larger than a borehole, it is outside the influence zone of the borehoie,
but the influence zone of the drift may include the borehole.  An engincering estimate of the
boundary stresses (far-field stresses) for a borehole can be Gotained by calculating the state of
stress at the center of the borehole prior to excavation (Brady and Brown, 19%5).

St. John (1987) studied the state of stress around YMP drifts using finite- and boundary-element
methods for ventilated and unventilated cases.  For purposes of analysis, these stresses are
assumed to be far-field stresses for evaluating thermal effects around open boreholes near the
potential repository openings. The far-field stress results include projected stresses for selected

5.24

et ——




-290 T
-292 — |
Roof Level =~ ||
294 — |
|
-296 —
|
298 — |

(S Sidewall Level~ ||

£ |

Q. .302— [

o !
.w . I
.306 — Heat Source |

Floor Level/ !
-308 - l
|
310 —
|
312 T T s ] T i
o 2 4 6 8 10 12 14 16
Distance From Centerline (m)
Kirsch Solution
Op1
B z[ [
" Op2
A |
Plan View —
Tangential or Boundary Stress at A
30P1 -OP2
Tangentlal or Boundary Stress at 8
30pP2 ~-OP1
, Figure 5-9
State of Stress Around an Open Borehole at the Potential Repository Horizon
5-25

© p—t




points around the drift for the period of excavation and for points in time 0, 10, and 100 ycars
after waste emplacement,

The axes of the proposed boreholes are perpendicular to the axes of the drift (Figure 5-9). Such
borcholes would thercfore be under a gencralized plane strain condition, which includes in-planc
and out-of-plane shear stresses. The computer program SHAFT (Agapito and Associates, 1990)
was used to obtain the state of the stress around the perimeter and the borcholes. The SHAFT
code models gencralized plane strain conditions. The state of the stress for each sampling point
was used as the far-field stress for each borchole modeled with the SHAFT code.

For points at a distance from the drift, the major principal stresses are ncarly horizontal and
vertical.  For these cascs, the Kirsch solution was used to calculate ihe stresses around the
borchole.  For example, the states of stress for a point 10 m from the drift ncar the floor,
sidewall, and roof of the drift are shown in the Mohr diagrams in Figurc 5-10.

This figure illustrates the low-, medium-, and high-strength criteria for the Topopah Spring Weld
unit for the surrounding rock mass (described in Section 3.3.3). The uncertainty in the strength
parameters requi-~d a range to be defined for rock-mass strength criteria. This range is between
low- and hig, h criteria, with the medium-strength criteria represented by an estimate of
the expected van. ., as discussed previously. The figures show that a hollow borehole might be
barely stable from the time of excavation until 10 years after emplacing the nuclear waste, but
mediumestrength criteria are violated 100 years after emplacing nuclear waste.  The analysis
suggests that boreholes should be secaled to prevent future failure due to stresses that arisc from
the temperature increase in the potential repository.  Further investigation could show that the
expected failure criteria is closer to the high-strength criteria shown in Figure 5-10 and that
failure is less likely.

5.3.4 Counclusion of When to Seal

No site-specific data arc available for the corrosion of carbon-steel casing at the Yucca Mountain
site; however, the following information is availablc on general corrosion rates for carbon steel
in air and soil:

+ The penctration rate for carbon steel in air ranges from less than 1 to approximately
7 mil per year (Mattsson, 1982). The National Association of Corrosion Engincers
(NACE) reponts higher corrosion rates in acidic atmospheres (not considered a
factor at Yucca Mountain).

+ The penctration rate for carbon steel in soils varies from 5 to 100 mil per year
depending on resistivity, that in tum depends on moisture content.

Considering casing configurations, for deep casings such as those used in UE-25a #1, grouting
accurred over short distances, and the casings are freestanding over much of their length. For

shallow casings, such as those used in UE-25a #5, grouting to a depth of 100 to 200 ft could be
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subject to long-cell action.  In deeper zones, the state of in situ stress is higher, and rock-mass
strength is lower (i.e., the Calico Hills). In other areas. rock-mass quality is lower in more highly
tractured tuff. The possibility exists for collapse of the hoarchole against the casing, exposing
steel to the host formation.  Here, the range of saturation is 46 to 84 percent for welded tuff and
46 to 706 percent for nonwelded toff (DOE, 1992), suggesting long-cell action.  The low
conductivity of both welded and nonwelded tuff suggests that local-cell action would be
insienificant.  Corrosion might be higher in these arcas because of the synergistic effects of
contact with the host rock and stresses within the casing: however, these zones are expected to
be isolated, reducing the potential for long-cell action, and the actual corrosion rates probably
will be the same as those for carbon steel exposed to air and possibly a humid environment.

This discussion highlights several important issues concerning corrasion for casing emplaced in
or near unsaturated carthen materials, Generally, low corrosion rates caused by exposure to air
are anticipated in the range of less than 0.1 to 4.0 mil per year. In isolated zones where the host
tock contacts the steel casing, the corrosion rates probably will be higher. In gencral, it is found
that casing under heated conditions after 60 years is near failure, with little corrosion allowance.

The analysis also shows potential failure of an open borehole under heated conditions could occur
at the Tower sealing location. For the open borchole analysis, no consideration was given to
support pressure as might be exerted by drilling muds.  The analysis of open boreholes at the
potential repository horizon shows potentially high stresses due to a high temperature and stress
iteraction effects, For these reasons, itis concluded that sealing should take place prior to waste
cmplacement to maintain access 1o deep boreholes. It is further concluded that an adequate
separation of 15 m should be maintained between the underground excavation and any
caploratory borehole to assure aceess through the potential repository horizon to the lower sealing
location.

5.4 Structural Analysis of Cementitious Seals

The supporting calculations presented in this section evaluate seal properties and conditions
favorable to developing a tight interface zone.  Also, these caleulations predict temperature and
interface stress, The models presented below are preliminary and will undergo refinement as
additional information on seal properties and in situ seal performince becomes available.

5.4.1 Model Descriptions

Several maodels are used to evaluate combinations of loads.  These models include the
SHAFT.SEAL code (Case, 1985) for thermal and thermomechanical effects due to seal hydration
and closed-form methods for evaluation of backfill loadings that consider the plug loaded in
uniform shear and ignore elastic interaction effects that would result in compressive stress. The
thermal caleulations use the SHAFT code (Agapito and Associates, 1990) to evaluate seal/rock
interactions during potential repository heating,  Finally, combinations of loads are evaluated.



5.4.2 Selection of Conditions for Seal Emplacement

The structural analysis of the seal is performed using the SHAFT.SEAL. At cach time,
SHAFT.SEAL solves for temperatures and stresses as a function of radial position cither in the
plug or the surrounding host rock. The model analyzes the temperature rise and subsequent tall
following completion of the hydration by the implicit finite difference method (Carnahan et al.,
1969). Assuming heat transfer is conductive, the model performs thermal and volumetric stress
amalysis using closed-form solutions that account for thermal or initial volumetric strains, The
structural maodel uses the theory of linear elasticity for caleulating thermal or volumetric stresses.,

Appendix 1 presents the input properties for the seal. rock. and environment.  The parametric
studies evaluated two cement types (Tvpe K and Type 1), two placement temperatures, and two
injection pressures, ‘These analyses used the Type K and Type T cements beciuse of availability
ol properiies.

5.4.3 Evaluation of Cement Hydration

Freares S-110 8-12,0 and 5413 present rock tangential stress and shear stress as functions of
interface normal stress at the upper seal location, the potential repository horizon, and  -wer
sealing location. The analyses suggest two major groupings in the development of interface
stieas that depend on the type of cement used. Type 11 cement grout develops interface stress
from minus | to 3 MPa for various conditions of placement temperature and injection pressure,
while the more expansive Type K grout develops interface stress from o to 8 MPa,

The results show an inverse relationship between radial plug interface stress and the tangential
boundary stress within the rock. Further, the results suggest that the minimum rock-shear stress
occurs when the radial interface stress equals the far-field stress. The results reflect higher
tingential and shear stress at depth assoctated with higher states of in situ stress and show the
unportance of tiloring the design (lower placement temperature, more expansive cement, and
injection pressure tied o the in situ state of stress),

The ultimate achievable volumetric expansion represents an unknown. No data are available on
the effects of temperature or restraint on the expansive properties of grout. although data
avanlable for cements suggest a reduction of effective expansion due 1o increasing restraint and
temperature. Other unknown factors include the effects of primary and secondary rock porosity
in bleeding off cement to the surrounding rock mass and volumetric size effects.

Further, the use of ettringite in Type K cements may result in longevity issues due 1o the
preferential dissolutioning. For these reasons, the conditions for seal emplacement for subsequent
analysis include using a Type 11 cement, lowering the placement emperature to 4°C, emplacing
the seal at ambient rock temperature, and using an injection pressure equal to 50 percent of the
minimum horizonal stress.
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5.4.4 Structural Analysls of Backfill Loading

The addition of backfill above the plug results in additional loading on the plug. The analysis
presented in Appendix J disregards the compressive stresses that would develop because of elastic
interaction between the plug and the surrounding rock. These conservative calculations do not
account for the effects of confinement.  In addition, the analysis assumes the backfill settles
below and does not support the plug. The analysis are presented at the upper and lower seal
locutions and at the potential repository horizon.  The conditions evalusted considered both
saturated and unsaturated conditions with static and dynamic loadings. The vertical seismic loads
result in shear stress that is approximately one-third of the total loading that would be expected
for an aceeleration of 0.3 g0 Also, the results show little reduction in shear stress for seal lengths
gicater than 100m,

5.4.5 Structural Analysis of Postclosure Thermal Loadings

The resulting tar-tield thermal stress induces thermal stress in the seals at the three sealing
locations. The SHAFT code can be used to evaluate induced thenmal stresses within the seal.
These stresses can then be combined with other loadings in the scenario evaluations.  The
postclosure thermal loadings depend on the proximity of the scals to the sources of heat. Section
382 presented the far-field thermal stresses. It was determined that boreholes USW SD-4
represented the expected condition for thermal loadings within the reporting boundary. Taole 5-4
presents the masimum thermal stresses for GSW SD-J,

5.4.6 Evaluation of Scenarios
The scenarios for stress in the seal and rock are presented in Figures 5-14 through 5-16. The

scemitios constdered are as follows:

« Open borchole at ambient temperature

¢« Sealed borehole with backtill

o Anitial stane, thermal, and dynamic (dry backfill)

o Postelosure static, thermal, and dynamic (saturated backfill).

Ihe resulis show combinations of the above loadings as Mohr circles of stress within the seal and
tock.  The deep borchole USW SD-4 within the potential repository is evaluated.  The
conclusions are presented below,

5.4.7 Conclusivns of How to Seal Using Cementitious Materials

The resulis show that the interface stress reduces the tangential boundary stress in the rock at the
time of seal empiccement and backfilling.  Because of the “skin”.friction. the backfill does not
significantly load the seal and the hydration of the cementitious seal predominantly governs the
state of stress in the seal. As potential repository heating takes place. the maximum shear stress
incieases in the plug and is reduced in the surrounding rock. The shearing stresses are higher
neat the patential repository hotizon,
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Table 5-4
Summary of Induced Thermal Stresses in Seals at the Interface Zone

Seal Rock
|

Losc’:zzon Radial Tangential Vertical Shear Radial Tangential Vertical Shear

Stress Stress Stress Stress Stress Stress Stress Stress

(MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa)

1 2.25 0.70 0.59 -0.67 2.25 0.58 0.45 -0.67
6.00 5.49 2.30 0.056 6.02 11.88 4.65 0.056
3 4.39 3.29 1.54 0.12 4.39 3.38 1.32 0.122
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at the Upper Sealing Location
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(a)
Bock Stress: USW SD-4, Seal Locatlon 3, LAPD = 67 kW/acre, Waste Age = 30 years
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11 saturation and perched water oceurs, the effective stress near the interface zone reduces by the
magnitude of the pore pressure. Under the conservative assumption that the plug resists load in
unitorn shear and that compression does not oceur due to elastic interaction effects, the analysis
predicts the development of a slight degree of tension (1 to 2 MPa). A more refined analysis tor
a 10-me-long plug would predict that the loading would be resisted in shear and bearing
compression and that the interface zone would not be subject to tension, although it would be
subject 1o reduced compression. However, the preliminary results can be used to select
conservative design requirements that should prove to be satisfactory with more advanced

analysis

The caleulations presented in this section suggest the adoption of the following approach tor
emplacing seals:

o The seal material should be selected with a reduced heat of hydration.

o Type I cement is preferred to a Type K cement o avoid issues with reapect to the
preferentidd dissolutioning of ettningite.

o The seal should be emplaced at a lowered temperature (4°C) to - eliminate
undestrable thermal effects. The analysis suggests the importance of emplacing the
seal under o slight injection pressure. The actual emplacenient should be tailored
to conditions existing at depth,

o Under dry or unsaturated conditions, an increase in temperature will increase
vonfinement, either increase or reduce shear stress in the surrounding rock, and
increase shear stress in the seal. The temperature effects depend on the proximity
of the seal to the potential repository horizon and suggest seal emplacement away
from the potential repository horizon,

o A T0am plug length is adequate to reduce shear stress (see Appendices T and ).

o Saturation of the backfill significantly reduces effective stress. For a long plug.
loads would be resisted by a combination of shear and compression. A
cementitious grout with a tensile strength of 1 MPa and a compressive strength of
21 to 34 MPa (3,000 to 5.000 psi) is adequate for combined loads.

The imalysis suggests the avoidance of perched water at key sealing locations, Future analyses
should evaluate the inflow e into exploratory boreholes, outflow rates, and storage potential
tor perched water. It lower-conductivity backfill is specified or it sealing occurs at potential
infiltration locations, the potential for perched water should be substantially reduced.

o
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6.0 Feasibility of Emplacing Borehole Seals

This chapter reviews materials and techniques available in the oil and gas industry and industrial
nonradioactive waste injection well industry to assess feasible options for permanently plugging
and abandoning wellbores. This chapter also presents possible techniques for sealing borcholes.,
including conceptual schematics for removal of casing, reconditioning of the borchole wall, and
cinplacement of the plug, based on available materials and techniques.

Cuttent available technologies initiatly evolved from the petroleum engineering and oil industry.
Recent signiticant environmental legistation has placed new importance on applying the best
curtent technology to the plugging of abandoned oil and gas wells and to the closure of injection
wells used in the disposal of hazardous materials,

6.1 Design Process for Emplacing Seals

During the 19305, states began passing Lnws and establishing oil and gas agencies o regulate the
abandonment and plugging of oil and gas wells, Today, most states require specific plugging
plans, and numy require notification of intention to abandon @ well in order o have a

representative present during plugging operations.

The established ingection well industry began in the 1950s and 1960s, During the 19705, most
states passed regalations detailing abandonment procedures for wastewater injection wells, Qil
and gas agencies permitted and controlled abandonment of deep wells in most states (Warner and
Leheo 1977) States such as Michigan, Ohio, Oklahoma, and Texas followed regulations that
included plugging requirements specifically for injection wells. Now abandonment of injection
wells s regulated under the EPA by direct implementation or by state regulation. States may
apply for and receive primacy to promulgate and enforee rutes and regulations that are equally o
more protective than the federal regutations,

Ine following discussion applies to borehole sealing technology for cased and uncased vertical
borchole penctrations with diameters limited to appronimately 40 in. and typically 3 34 o
IN 5N inand depths renging from 1,000 to 15,000 {1,

6.1.1 Existing Strategies Used in Sealing Boreholes

The development of a borehole sealing strategy, the location and type of sealing material, and
the emplacement technique depend on several factors, including formation characteristics,
borehole construction, hydrologic regime, fluid environment, regulatory requirements, and

assoctted economics.
Under EPA, Section UL 40 CER T46.3, "Definitions,” a confining bed is “a bady of impermeable

or distnetly less permeable material stratigraphically adjacent to one or more aquifers.” Under
this section, the EPA defines a confining zone as "a geological formation, group of formations.
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or part of a formation that is capable of limiting fluid movement above an injection zone.”™ The
Nevada UIC regulations, Section U, 445.42235, use this definition, replacing “fluid movement
above an injection zone™ with “the movement of fluids from a zone of injection.”  Under
Section U, 44542098, “Location and Construction of Well," the State of Nevada characterized
a confining zone as one "that is free of known open faults or fractures within the area of review.”
The regulations consider geophysical logging and/or core tests of the confining zones as methods
for characterizing fracture zones. The regulations specify no quantitative criteria for the selection
of a confining zone.  The operation evaluates cach well on its own characteristics and s
mtluence upon the area of review.

Concerns regarding conservation of natural resources and public health resulted in regulations
addressing the construction and closure of wellbores, which were aimed at isolating underground
resourees, such as underground sources of drinking water, from commercial 01l and gas resources,
Regulations require the confinement of oil and gas and underground waste to e allowed or
permitted production or disposal zone.  These regulations emphisize restoring the controlling
geological conditions that existed prior to drilling.

Underground aquifers that are sources of drinking water typically exist above saline water.
Generally accepted practices for isolating these aquifers from formations bearing saline water
reguire setting o seal at a point below the aquifer and extending it up a2 least to the base of the
aquiter formation (Figure 6-1). If the drinking water source exists in a formation below saline
witter, seals would be placed across the top and bottom of the underground drinking water source
and possibly across the base of the formation containing the saline water (Figure 6-1).

Regulations require the closure of Class Tinjection wells to permanently confine wiste within
the disposal zone (UIPC/EPA, undated).  Seals can be placed cither at the upper and lowes
boundary of the confining zones or across the entire zone, The placement of a seal across the
entire confining zone prevents fluid from migrating down the borehole and coming into contact
with other formations (Figure 6-1). The likelihood of emplacing a high-performance seal
improves with an increased-length-of-seal material,

Seal materials used for oil and gas and injection wells are designed to bond to the formation 1o
accomplish hydraulic and shear isolation. For cased wells, the bonding must occur between the
casing, the seal material, and the formation.  If poor bonding is detected, the casing should be
cither removed altogether or in part, so that the seal may be emplaced against the formation,
Special seal material(s) may be required, if there are potential incompatibilities between injected
waste waters or native brines and conventional portland cement.

The method of well construction determines whether well casing will be removed.  Casing

removal is generally not required by regulatory agencies for deep injection wells that are fully
cemented from top to bottom. Yet, they require surface casing (steel casing extending through
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freshwater horizons) in injection wells to be completely cemented when installed.  IF casing
strings are not completely cemented during installation, it is generally recommended that they
he pulled. perforated, slotted, or ripped. so that cement can be placed in the annular space
between the casing and borehole wall, particularly between permeable intervals,

The paint at which the casing should be cut for removal can be determined by several methods
or combinations of methods: (1) the casing could be cut at some point above the caleulated top
of the annalar cement: (2) it could be cut above the top of the cement, as shown on an acoustical
cement bond log: (3) it could be cut below the known base of a specific lithologic interval: )
or the casing could be cut at a free point based on the results of an electric line-conveyed free-
point ol determination. For cemented casing that cannot be pulled from across a critical seal
interval, an alternate method must be considered 1o install a plug or seal to the borehole wall,
Here, the casing must be milled out in sections or removed by "washing” over the casing with
@ rotary shoe and winshover pipe. Typically, washover operations limit the depth of the washover
attempt to SO0 £1. The casing recovery oceurs between washover attempts by using a cutter to
sevet the free pipe.

Fhe placement of o good seal requires reconditioning of the borehole wall and fluid within the
borchole to maximize the sealing perfonmance of the plug. When using abandonment mud in o
well penetrating below the water table, pluggimg regulations may require that the density of the
mud system be balanced throughout the well and that the well be in a static state prior to
beginmng emplacement operations,

6.1.2 Design Process for Emplacing Seals

In designmyg o sealing program for boreholes, an objective is to maintain compliance with
applicable regublintory requirements. Due to the type of borcholes and their association with the
Yucea Mountain Mined Geologic Disposal System, the sealing requirements of 40 CFR 146,
Subpart G ("Closure of Class | Hazardous Waste Injection Wells”): Nevada Administrative Code
(NAC) S4277 CPlugging and Abandonment of  Injection Wells™): and NAC 334420
CPlugging of Water Wells”) will be addressed.

For injection wells, both NAC 45427704 and 40 CFR 46,7 1(d) () specity that cement shall
be used "inoa manner which/that will not allow the movement of fluids into or between
underground sources of drinking water.” These regulations imply that the type of cement and
location of well plug be engineered to confine the waste to permitted injection zones and prevent
any contamination of underground drinking water sources. Other sealing materials may be used
hetween suceessive cement plugs, Figure 6-2 illustrates the general process tor the design and
cimplacement of scals for oil and gas or deep-well injection applications,  Figure 6-3 illustrates
decisions assoctated with the design and emplacement of seals,
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The sealing materials referenced in NAC 534,420 and NAC 534.421 (regulations for water wells
and wells for purposes other than water wells) are bentonite, abandonment mud. drill cuttings,
inorganic fill material, cement grout, conerete grout, and neat cement. If the well is to be sealed
with cementitious material, it must be circulated from the total depth of the well to the surface.
Additional regulations apply to wells completed in saturated environments when using bentonite-
laden slurries or "mud” in abandonment operations. 40 CFR 146.7 1(dX7) requires the well to
“be ina state of static equilibriom with the mud weight equalized™ from "top to bottom.” This
may be done through circulation of o mud of equal density and sufficiently to prevent well
caving during any cement emplacement. This requirement addresses cement slurry contamination
1sstes hnown to occur duning emplacement that adversely affect the curing of the cement.

Seal emplacement techniques of 40 CFR 146.7 1(d)(5)(i) to (d)(5)(iv) represent the most common
techniques used in plug-back cementing and address the need for an individualized closure
design. Eviduation of the “seal and stability” of “cach plug” falls within 40 CFR 146, 7 1(d)(6).
Plugs must be "appropriately tagged and tested tor seal and stability before closure is completed.”
The most practical technigue of testing plugs is running drill pipe into the borehole and locating
the plug by applying weight. This will give a positive indication of whether there is some degree
ol plagging at the desired location. Most wells have cement emplaced inside the casing that is
mntact to the ground level. This allows for pressure-testing of the hydraulic seal. New tools may
have 1o be developed for the Yueea Mountain Mined Geologic Disposal System to test the
sealing capabilities of a plug in an open hole,

Intormanon, such as depth, downhole temperature and pressure, hole conditions, and drilling
problems, must be considered when designing optimum cententing compasition and emplacement
methods. The AP@ provides testing standards for well cements that have become an integral pan
of cement design (APL 1979), Table 6-1 presents the property for cach test, a summary of the
AP slurrey tests, and required ficld testing.

Thickening time of cement is a measure of the cement’s pumpability under simulated downhole
conditions without any shutdown periods, The estimated time to mix, emplace, and reverse out
any eacess cement typically determines the thickening-time specifications for a particular job.
The time allowed for the shurry 1o become static may reduce the desired total thickening time.

The hydration of cement involves gel-strength development during the transition phase {ollowed
by compressive strength development during the setting phase,  Excessive water or lower-than-
expected  temperatures contribute o slow the hydration process.  Compressive  strength
development determines the waiting on cement (WOC) time,

Sealing experience shows that downhole temperature has the greatest impact on thickening and

WOC time.  An accurate measurement of static bottom-hole temperature helps o ensure
meaningtul thickening and WOC times,  Accelerators or retarders are used to compensate tor

6-7
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Table 6-1
Summary of Tests Used in Cement-Slurry Design?

Sturry Preperty

Laboratory Test

General Field Requirements

Test Reference

Slurry preparation for
laboratory mixing and
testing

Slurry viscosity

Pumping time

Free water

Fluid loss of cement slurry

X9

Slurry density

Rheological properties

Permeability testing

Batances and tugh-shear mixer.

Atmospheric thickening-time tester.
Determined on pressurte, temperature,
thickening-time tester.

Settling of slurry in 250-mL graduate aher
setting.

High-pressure fluid-loss cell at 1,000 psi
on 325-mesh screen or core for 30 min.

Standard mud balance or pressure’
density balance.
Rotational viscometer at various shear

rates.

Special water-permeabilty apparatus for
set cement.

Muing water variable with composition and
AP! cement class. Mixng time 35 sec on
high-speed mixar,

1010 15 Bc, which is a untt of consistency
used in cement tasting (thin slurry).

Variable with type of job. Normal casing
design is 2-1/2- to 4-hr fluid time,

Maximum 1.5% tree water alter setting 2 hr

Variable with job requirements. General rule:
squeezing, 50 to 125 mL; production casing or
liner, 50 to 200 mL.

Variable with mud densties and hole
conditions. Generally 12- to 16-Ib/gal.

Depends on slurry water, density, and desired
flow rates. Plug, laminar, or turbulence.

Less than 0.1 md.

AP} Document 10,
Sec 5, and Appendix A

APt Document 10,
Sec 9

AP! Document 10,
Sec 8, and Appendix E

API Document 10,
Sec. 6, and Appendices B and
M

AP} Document 10,
Appendix F
AP} Document 10,
Appendix C
API| Document 10,
Appendix H

APl Document 10,
Appendix G

‘From Smith, 1990.




dovnhole temperatures and pressures to ensure adequate time to emplace the sturry and minimize
WO times.

Other testing may be warranted due to special conditions, such as an acidic environment,
abnormal wemperature fluctuation, or environmentally sensitive areas.  Compatibility testing
between the cement slurry, borehole, and spacer fluids could be of great importance when
antivipating ditficulty in proper placement of the cement. Also, for gas migration, testing of the
cement permeability to air should be performed.

6.2 Technologles Avalilable for Casing Removal and Sealing

A combination of materials and techniques may be used to tailor a plugging operation to specitic
Csitwations and environments, Tasks involving the technology of sealing wellbores include the

tolliwang:

. Removal of casing

. Reconditioning the borehole
. Selection of seals

. Emplacement of scals.

Several echnigues can be used for remaoving casing from wells, such as those associated with
the Yucca Mountain Site Characterization Progect, including the following:

1. "Washing™ over the cemented casing with & rotary shoe and wiashover pipe

to

Free-pointing the casing and cutting it above the top of the annular cement with
internal catters, then pulling the free casing only

L Milling a window over a specific region of cemented casing with a section milling
tool to remove casing and underreaming the cement to the original hole diameter.

Complete removal of the casing may not be necessary in wells that are not cemented across a
crtical seal wea, I the casing is tree down to the bottom of that interval, an internal cut can be
made below the interval using a workstiing- or wireline-conveyed cutting tool. After making the
cut. the casing above the cut can be moved. and the borehole can be prepared for plug or seal
cimplacement.

The process of reconditioning borehole walls uses the following tasks:

1. Evaluate condition of borehole wall.

2. Optimize mud properties (in- mud-rotary-drilled holes when using abandonment
mud).
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3. Remove wall cake from the seal area (in mud-rotary or foam-drilled holes).

Smith (1990) recommends the conditioning of borehole walls to optimize the plugging and
sealing of wells, yet due to the expense involved, conditioning is not often done. Mud propertices
affect the removal of cuttings and debris from the wellbore: yet, good mud properties may be
tally negated by the presence of mud-wall cake between the scal material and the formation.

The method used for seal emplacement depends on the materials used for sealing, which include
carthen materials, cement, mechanieal. and mud plugs. Since mechanical plugs are not ~armally
used tor primary sealing and since compacted carthen materials lack strength for sealing deep
wellbores, this discussion will concentrate on emplacement techniques for cementitious materials.
Also, these emplacement techniques include the use of mud.

6.2.1 Removal of Casing, Monitoring, and Test Equipment

There are many types of casing used for wellbore construction. The type of casing used and the
condition of the casing after well construction will determine the types of tools and equipment
needed to remove the casing. The tools and equipment discussed here are most commonly used
by the oil and industrial injection well industries. The functions of these tools are as follows:

+  Show free, unstuck casing
«  Washover the casing

o Cut the casing

* Remove the casing

»  Evaluate casing removal.

Table 6-2 presents the types of tools typically used for these functions.,

6.2.1.1 Geophysical Exploration

Cement-bond logging tools use controlled acoustic signals to decide whether cement exists behind
the casing: evaluate qualitative bonding of the cement to the casing or the formation, or both; and
evitluate overall cement integrity. This is done by acoustic trunsmitters and receivers strategically
located on the Togging tool. This logging tool will not function in air-or foam-filled welibores.
Cement-bond logging tools allow qualitative rather than quantitative evaluation re wding the
cement and bonding characteristies. The pipe recovery logs provide a quantitative determination
tor pulling the casing.

The pipe recovery logs use pipe-stretch caleulations.  Pipe recovery logs can find the point wt
which lodged casing is no longer stuck. The electronic signal generated from torsional, tensile,
and/or compressional casing distortion determines the percentage of free pipe within the weltbore.
Free-point indicator logs must be in contact with the internal diameter of the casing to measure
this distortion.  As an integral part of these tools, the bow springs contact the casing either
clectromagnetically or frictionally.
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Table 6-2
Tools Typically Used in Removal of Casing

Indicate free/unstuck casing:
- Cement evaluation logs
- Pipe recovery logs
+ Pipe stretch calculations
Washover the casing:

+ Rotary shoes
« Washover pipe

Cut the casiny:

« Workstring - Inside cutter - Mechanical
- Hydraulic
- Qutside cutter - Mechanical
+ Wireline - Chemical
- Jet

Remove the casing:

+ Retrieve - Outside mechanical cutter
- Casing spear .

«  Mill out - Section mill
Evaluate casing removai:

+ Retrieval - Length recovered
- Geophysical logs (depth control)

+  Mill out - Hydraulics
- Wear markings
- Pipe measurements
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For quality control, ervice company performs calibration of logging tools either at the service
campany shop or at the well site. Geophysical logs form an integral part of cement evaluations,
These include the gamma-ray and/or neutron instruments and a casing collar locator. A collar
locator and pamma-ray logs are normally run with pipe recovery logs.. These logs provide depth
control and may be used to correlate to the workstring and casing measurements,

Pipe-stretch caleulation results may be compared to pipe recovery logs for the evaluation of the
free-point accuracy: yet pipe recovery logs usually prove to be the most accurate method of
locating the free point. Most of these logging tools are available in o 1-11/16-in. diameter for
use i smaller pipe sizes

6.2.1.2 Mechanical and Hydraulic Cutters
The mechanical and hydraulic cutters include the use of rotary shoes placed at the bottom of
winhover pipe. mechanical cutters, and hydraulic cutters. Each of these is discussed below,

The totary shoe can be attached to the washover pipe. The washover pipe telescopes over
vatous types of ciasing to be recovered and is designed for limited clearance. Specially desigied
totary shoes can cut cement or carthen material away from the casing in the casing wellbore
annulus and/or the annular space between casings (Figure 6-4).  Orientition of the cutting
surfaces and the material that will be cut or milled are the two concerns when selecting a rotary
shoe. To muintain the integrity of the casing, there should be no cutting action on the casing
unless removing an outward flare at the top of the casing. When cutting cement or formation,
an aggressive cutting structure is preferred. These two criteria typically fead to the selection of
a rotary shoe with i sooth-type bottom and no cutting surface on the inside.

Once the casing s washed-over, it is ready to be cut and retrieved from the well. The two basic
types of tools used in the oil and gas industry to cut casing are workstring- and wireline-
conveyed tools,

Warkstring-conveyved cutters work from outside the casing to the inside (Figure 6-5) or from
inside the casing to the outside (Figure 6-6). The cutter knives are comprised of hardened and
ground-tool steel. Both styles use anchoring devices that, once engaged. allow the cutter knives
to rotate separately from the workstring rotation,

Cutting the casing from the inside can be done by hydraulically and mechanically actuated tools
(Figures 6-6 and 6-7). For hydraulically actuated tools, the ditferential pressure across the orifice
achicves the hydraulic actuation. It attaches to a piston in the tool for circulation of fluid down
the workstring.  The application of compression or tension to the tool achieves the mechanical
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actuation and depends upon the type of tool chosen. The outside mechanical cutter will retrieve
the casing above the finished cut. Most inside cutters require a separate retrieval tool,

6.2.1.3 Chemical and Jet Cutters

Wircline-conveyed cutters generally consist of chemical and jet cutters. Both tools can cut from
mside the casing when activated by an electrical current controlled from the surface.  The
chemical typically used in chemical cutters (Figure 6-8) comes from the halogen fluoride family.
This cutter provides a burr-free cut without pipe distortion, yet it will not perform in dry pipe.
and 1t is recommended that there be at least 100 ft of fluid in the casing above the tool when
making a cut. At this ume, 5%-in. casing is the largest casing that may be cut with a chemical
cuttetr.

Jer cutters sever pipe by use of a circular, conical-shaped explosive (Figure 6-9), Unlike the
chemical cutter, the jet cutter typically causes a flare on the severed pipe. This flaring effect may
reguite corrective action it the remaining casing is to be washed-over and/or retrieved.

6.2.1.4 Casing Removal

After freeing the casing, it can be removed by using a casing spear to pull the casing out of the
borchole in one or more sections (Figure 6-10), by recovering the cut picce with an outside
mechanical cutter or by milling out one or more sections. The mechanical actuation of the casing
spears, when run inside the casing, can be used to transmit the pulling force to the cut section
of casig (Figure 6-11). Reciprocation or rotation, or both, with tension at the tool, engage the
spear to the casing. A casing stop ring, which has a larger diameter than the casing, can be run
just above the spear to show that the spear is in the casing.  Oil or bumper jars are usually run
with casing spears to aid in removing the casing from the borehole and releasing the spear.

I retrieval of the casing tfrom the barehole is not possible, an alternate mettind of removal is to
mill out the casing in one or more scctions.  Section milling tools, shown in Figure 6-12,
venerally incorporate three or six cutting blades.  Each blade is equipped with cutting material
on the leading edge and outer face of the blade.  For some section mills, a hydraulic indicator
provides a loss of pressure when the blades fully open into the milling position.  This helps to
eisure complete casing removal from across the section. The differential circulating pressure
hydraatically drives the cutting action. Casing can be milled at the rate of 1 to 3 ft/hr (Petroleum
LExtension Service, 1971) with this method.

Evaluation of casing removal is o function of the method employed. retrieval, or mill out.
Measurements on casing retrieved from the borehole provide a comparison to the installation
record, workstring, and wireline depths. During a section mill run, if the tool has a hydraulic
indicator, the recorded circulation pressures should provide a good indication as to whether or
not section milling to the full diameter of the casing occurred. Wear markings on the blades of
the section mill also should show a pattern similar in shape and size 1o the casing.
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Gicophysical logping may be employed to aid in the evaluation of casing removal but is not
typrcadly used in this function at this time, except in performing depth control. Some of these
logping ols may include the use of cameras (for visual inspection). electromagnetic thickness,
and mechanical caliper logs,

6.2.1.5 Removal of Existing Material from the Borehole

“hunk™ or ThshT orefers to material that cannot be readily removed from the borehole, Junk
removal can be accomplished by using special tools.  Alternately, milling the junk out may be
the only available option as documented in the next section. Usually any junk removal occurs
prion to removing casing, This mininuzes exposure of the formations to any detrimental effects.
such as those associated with fluid circulation and pipe rotation. There are many different types
and stzes of equipment used in the drilling, completion, monitoring, testing, and remediation of
wellsin the oil and gas and industrial waste industries. The equipment to remove these tools if
they are stuch or lostin a well 1 very similar to that used to remove casing (Tuable 6-3).

The previous discussion addressed methods common to casing removal: the following discussion
addresses only those tools that are not common --the string-shot, overshots, box, and taper taps.

Fdeally, o string-shot back-off is a pipe recovery method for unserewing the fish at a particular
connection, it it has any, Generally, it has an explosive initiator or fuse and a predetermined size
and tergth of detonating cord. Tt operates by wireline, with a collar locator log for depth control,
locating the connections, and locating the top of the fish, To make a string-shot back-otf, the
operator places the workstring in neutral weight (neither tension or compression), applies counter-
clockwise toque to the fish via the workstring, and lowers the string-shot into the fish, The
operation Jocates it at or just slightly above the desired connection and then detonates it. ‘The
caplosion produces an eftect similar to an intense hammer blow and enables the fish to be
wiscrewed at the connection, In foam- and air-filled wells, the operation uses a size of the
string-shot equal to twice that used in ligquid-filled ones.

The following tactors must be known to aid in proper design of the string-shot back-off:
«  Desired back-off depth
o Mud or fluid weight

o Well temperature.

The string-shot or workstring may be run through an internal diameter as small as 3/9 in. it may
also be run in the annulus to back-off the fish from the outside.

To impart torque to the fish, the workstring must be attached into or onto the fish. If a threaded
mutle (pin) or fenude (bony end comprises the uppermost part of the fish and has threads that are
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Table 6-3
Tools Typically Used in Removal of Fish

—

Indicate free/unstuck tish:

e §

- Pipe recovery logs
- Pipe stretch calculations

I
!
; Wishover the tish:

+ Rotary shoes 1 l
= Washover pipe
Free the fish:
+  Workstring - Inside cutter - Mechanical
- Hydraulic

- Qutside cutter - Mechanica!

{
« Wireline - Chemical® !
- Jet |

« Back-oft - String-shot*
(unscrew)

Remove the fish:
+ Retrieve - Outside mechanicat cutter
- Overshots with grapples®
- Box and taper taps®
- Mill out - Junk mills

Evaluate fish ramoval:

+ Retrieval - Length recovered
- Geophysical logs (depth control)

+  Mill out - Pipe measurements
- Wear markings

“Not normally used in casing removal.
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10 pood Ccondition in the center of the borehole. then an opposite-end box or pin may he sorewed
onto the tishe This allows transmission of torque to the fish,

It the wp thicads of the fish do not allow proper screw-in of the workstning. a4 box tap may be
wsed o swallow and screw onto the autside of the fish (Figure 6131 A taper tap may e used
tooscres into the mside of the fish, but they usually have less coupling strength than a box tap
aned cannot euide themselves onto an uncentered fish. Box and taper taps are designed to pull
una stuck fish

Anovensaot and grapple s o trictionally anchored assembly that may be used to swallow over
and apply torque andfor puthing torce to the fish (Figure 6-1.4). The small innes threads o the
grapple are what anchor onto the tish. After the release of upward pull, usually with clinbwise
tatation, the tool releases trom the tish, The bore of the overshot should be large enough 1o
allow punssage of a tree point and sting-shot instruments. This allov s a partial recovery of the
fsh wath a stning-shot back-ott attempt. The grapple must transmit counter-clochwise torgque
when set by upward stram (Petroleam Extension Senaee, 1971

6.2.1.6 Material Milling

Matenal mulhing G oceur i both cased and open holes, There are many mull types and sizes
that may be regquired duning the milling of junk. A concern regarding the mulhing of junk i an
open hole s the possibility of sidetracking the borehole. Internal and external cutters and totary
shoes diessed wath tangsten-carbide grade cutters comprise the cutting surfaces of most mithing
tools - The placement ot the carbides on the milling tool promaotes the most etficient nwtal,
cement. of formation removal, In general, tungsten, titaniom, tantalum, or some combimation of
carbades of tungsten meoa matny binder (osually cobalty comprise these wear e sstant cutting

nutersels

The tollowmy criteria are critical to proper selection of a4 milling and/or casing recovery program

1. Proper ool selection: Various size milling tools can meet almost any condition
encountered, The type of tool, style of tool, application, dressed inside and outside
dunneters, connection size, and type should be specified. Data handbooks published
by mull manutacturers, such as Servo or Drileo, provide guidance in the selection
and specification of milling tools,

t

Proper drilling fluid selection: The operation requires a properly designed drilling
Huid o provide tor circulation of cuttings out of the hole and for control of mill
temperature,. A low-solid, clay-water-base mud is desirable.  Rheological
conditions, such as yield pointand viscosity, should be specitied to optimize cutting
removal,. When using foam, close attention should be given to the foam quality and
cutting removal etficiency.
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3. Hydraulics: A pump or pumps should provide circulation of the mud to maintain
a minimum annular velocity of 110 ft/min,  If washouts are a problem or this
velacity is unattainable, the rheology of the fluid should be adjusted to compensate
for reduced particle-lift capability at a reduced velocity.

4. Experienced supervision: General guidelines can be specified for getting the mill
started and controlling cutting removal.  Yet no substitute exists for competent
operators and field supervision to maintain ideal cutting conditions and avord
problems as they are encountered in the field. Field control includes the following:

 Maintenance of adequate fluid properties and circulation rate

o Proper mill break-in operation (initial rotational speed and weight on mill)
* Proper cuttings removal

* Proper mill wear

« Proper cutting size and length

o Avoidance of downhole tools, such as jars or bumper subs, that would make the
milling operation difficult to control

o Proper stabilization of the drill string, if necessary. to avoid excessive mill wobble
and wear

o Optimization of rotational speed and weight on the mill to maximize milling e,

5. Praperly sized drill rig: A drill rig should be selected with sufficient pumps to
achieve maximum required hydraulics and sufficient drawworks and hook Toad
capacity 1o match the casing to be pulled.

6. Bottomhole and workstring assembly: A detailed casing removal plan will specity
the special connection pieces necessary to link the cutting toals to properly designed
workstring or wiashover  string, Operations may require heavy-duty rotary-
shouldered tool joints to withstand the torsional loading of milling operations.
AOSC (1981 is one source of published data.on workstring and v.ashover pipe
recommendations for drilling through various commonly sized casing strings,

6.2.2 Reconditioning of the Borehole Wall and Selection of the Area to Place the
Seal

It is important to establish the condition of the borehole wall after removing the casing 10
determine if reconditioning of the borehole wall may be required in critical seal areas. Smith
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(1990) recommends taking precautions for proper emplacement of cement during sealing of oil
and gas wells, including the following:

«  Placing cementitious seals in a gauged section of the hole for proper cement
displacement

o Consulting caliper fogs in selecting seal location and determining cement volumes

«  Rotating the workstring using tail pipe with centrulizers and borchole scratchers.,
while placing the cement

«  Placing cementitious seals in a clean, hard formation

«  Determining static borehole-fluid conditions prior to beginning plugging operations
in Huid-filled boreholes.

6.2.2.1 Geophysical Logging

In the imection well and the oil and gas industries, acoustical or mechanical coupled geophysical
logpring can establish the condition of the borehole wall.  Caliper logging tools and downhole
cameras are versatile in functioning in different environments. Mechanical calipers are selected
to match the size of the hole.  Acoustical logging may also be used, although acoustical
technigques require fluids and will not function in air or foam environments. Also, the size of the
mechanical calipers limit the size of borchole that can be calipered.  This limitation does not
exist with downhole cameras that are used to evaluate the condition of the borehole and its wall,

FFor avoustical logging, the preferred mud-fluid system for openhole plug-back operations has o
Marsh funnel viscosity of 45 10 80 seconds (8). a plastic viscosity of 12 to 20 centipoise (cp). a
vield point of less than 5 16100 £, and a water loss of less than 15 em' (Smith, 1990). The
mud density should be as uniform as possible within the mud system, such that the fluids within
the well are static.

I cither air or foam are used during plug-back cementing, there is no need to balance the fluid
seatem.  Still, the cement requires @ base, either earthen or mechanical. to settle on and o
provide support, The base prevents gravitational settling between the cement slurry and other
well Huids, 1 the design uses @ mechanical plug in the plugging process, a check should be
made before tunning the plug. to insure that the hole will accept the maximum diameter of the
ol The operation normally uses wiper plugs to clean any residual cement from within the
workstring, especially if the operation used foam or air during cementing.  The wiper plug. just
above the cement, may be displaced with mud, foam, or a compressed gas such as air,

6.2.2.2 Wall Reconditioning

The rotation of scratchers across the borehole wall, where the seal is to be emplaced. serves as
a mechamcal method for removing mud-wall cake (Figure 6-15). Removal of this wall cake
permits exposure of the formation to the cement for improved hydraulic bonding at the interface.
Scratchers are likely to dislodge formation and wall cake from the borehole walls, The debris
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usually circalates above the cement-plug placement area with a viscous mud system during
cementing operations. Removing this dislodged material prior to initiating sealing appears
wattanted when using air or toam in boreholes during cementing, Otherswise, when using air of
foam i the well dunng cementing, debris may fall back down the wellbore when circulation has
ceased. Internmnang of formation and/or wall cake with cement or seal material is hkely to cause
detrmental etfects to the quality of the seal.

Removal of cement ased dunng construction may be required to conditon the borehole wall
where cement destgns were used to sabilize washout and/or caving of the boreholes,
Undeneamers can achieve cement remosal trom borehole walls (Figure 6-16). Howeser, there
ate hnntations on the mavimum opening diameter to which g specific size and type ot
underreamer can physically be bailt,

Due 1o the unconsolidated and fractured nature of some tormations at Yucca Mountain, caving
and washouts were evident during drilling of the boreholes. By use of o highly viscous medium
tor cuttimes remenal, the circulating velocities may be reduced o minimize fluid turbulence.
which contnbates 1o wishouts, This sviscous medium would also aid, it not remedy, lost
ciculation problems expenenced durning drilling of these wells,

6.2.2.3 Location of Seals

As discssed previousdy, identification of an area scross which to emplace cementitious materal
i abandonment operations is typically @ function of zonal isolation requirements and formation
chatactenstios. Where the desaign requires zonal solation, Smith (82X suggests o hard
tormation tor mavimum bonding. This plug should extend through an aimperineable zone
tcontining zone)y to isolate well fluids,

Reconditiomng ot borcholes that penctrate or that are close o the Yucca Mountain Mined
Gieologic Disposal System appears to be more feasible prior to potential repository construction.
Reconditioning those boreholes that penctrate the Topopah Spring Member, where it is 1o be
mumed, would be logistically ditficult after excavation, due to the need to move in and set up a
1 and to circalate the borehole tor conditioning. H there is no borchole survey data tor accurate
determination of the existing well trajectories, it would be beneficial to reenter and survey the
wellso This would enable excavation of the shatts and potential repository with accurate
Anowledge of the borehole locations. * If any fish or casing is currently located at the potential
reposttory or shaft horizons, these hazards should be avoided during repository excavation by
maintaiming an adequate separation distance between the excavation and the fish,

6.2.2.4 Sealing Materials
Plugging and scaling of oil and gas and industrial waste wells usually have one or a combination
ot the followmg mechanical, cement, and drilling mud seals. The sealing materials referenced
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m the applicable sealing regulations for water wells are bentonite, abandonment mud. drill
cuttings, inorganic Bl material, cement grout, concrete grout. and neat cement.

6.2.2.5 Earthen Materials
For relatively shallow groundwater geotechnical or environmental wells, designs use dry sodium
heotomite tor plugging.  In these wells, powdered granular or pelletized bentonite is poured,

blown, or pamped into the well or borehole from the surface. A technigue for enzplacement of

compacted bentomte i deep vertical boreholes Gas described in the literature ot Roland Pusch
FION3 may have tutare application in seafing both saturated and ansaturated boreholes usimg a
pettorated tubing conveyance system, However, this chapter will address those materials and
techngques in current indostrial practice rather than those still in the developmental phase.

6.2.2.6 Mechanical Plugs

Mechamical plugs are normally set in cased holes, while open-hole plugs are generally made with
cement. There are i few mechanical plugs that can be set in an open hole. These plugs can be
wsed as o temporary support for g cement or other material plug or seal that would become selt-
supporting atter a curinge period. Mechanical plugs can be run and set hydraulically next to the
wellhore tubing o dnll pipe. Besides the tvpe. wellbore dimensional considerations, and
downhole temperure, the cerrosive nature of the service environment may attect the elastonie
and metallurgical requirements of mechanical plugs.

6.2.2.7 Sealing Materlals Used in the Oil and Gas Industry

The onlamd gas industey often uses cement plugs in the abandonment of oil and gas wells and
mdustrial imgection wells to prevent migration ot formation fluids (natural and man-placed) that
niehtmtiltrate underground freshwater sources. The typical practice is to either completely till
the cased o unessed borchole with cements or to place diserete cement plugs across selected
depth mtersals with drilling mud left between the cement plugs. Appendin K presents &
discussion of cementitious materials used in the oil and gas industry.,

6.2.3 Placement of Seals

Fhe tive cementing emplacement methods available for plug-back cementing are the balanced
plog. dump bailer, two-plug, and high- and low-pressure squeeze packer methods, Table 6-3 lists
the advantages and disady atages of cach method. The following discusses the process and
apphication of cach method.

The balanced plug method, as depicted in Figure 617, involves pumping a desited quantity of
cement slurry through pipe until the level of cement outside the pipe is equal to the level inside.
This is the most common method for placing plugs in oil and gas wells filled with drilling mud
(Swnan and Ellis, 19770, The pipe is then pulled slowly from the sturey, leaving a plug in place.
The physical and chemical properties of any fluid in the hole through which the slurry s
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Table 6-4

Advantages and Disadvantages of Cement Emplacement Methods

Plar.ement
tAethod

Advantages

Disadvantages

Batanced Plug

Damgs Bates

: Twes-Plug

tigh-Prossute
Squenge

Low-Fressure
Squeaze

Opean or cased hole
Permits establishing the top of the plug

Typically lnss expensive
Open or cased hole
Posttion of cement located easily

Open or cased hole

Separated fluid within work string
Miimizes backflow

Prossure indication o! deswed
displacement

Permits establishing the top of the plug

May cement secondary 2one(s} of
permeability

Sohds-laden fiuids ahead of cement do
not have to be displaced

May cement secondary zone(s) of
permoabilty

May cement permeable formations
Uses less cemeant than high-pressure
squeerze

Less likely to stick pipe during open-
hola squoszing

Static well condttion required

Atlows fluid’slutry intermixing

Requires excess cement to compensate tar
contamination

Need base tor plug

Small volume per badl

Not readily adaptable to setting deep plugs
May have to wait for cement set prior to
subsequont bails

May need to retard the cemant

Not applicable in severely travarsed
boreholes

Static well conditions required

Need base for plug

Static well condition required
Need base for plug

Uses more cement
May breach confining zone
May stick pipe during open-hole squeezing

May require two blends of cement to achieve

desired pressure
More fluid lost to formation
May not get full coverage in the borehole

Must use clean lead flud

Cement mus! allow for hestation

May not get full coverage in the borehale
May stick pipe dunng open-hole squeezing
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emplaced and the displacement fluid are important in achieving a balanced set in which the
cement does not move or "U-tube” before curing.

A dump bailer, as depicted in Figure 6-18, is a mechanical tool that contains a measured gquantity
of cement for lowering into a cased or uncased borehole on a wireline. A mechanical tool, such
as o cined-hole or open-hole bridge plug, is placed below the desired plugging location. The
bailer is raised after tagging the mechanical plug and then opened by detonating a charge that
shatters a glass disk supporting the cement in the bailer. There is a limit to the volume (usually
approximately 1 1t') that can be emplaced per each wireline run: however, it is not necessary for
the mitial cement to set before another batch may be dumped.

In the two-plug method. top and bottom plugs are run to isolate the cement slurry from any well
or displacement fluids. A mechanical plug is usually set at the base of the cement plugging
depth, A special baftle tol is run o4 the bottom of the tubing string and placed at the depth
destied tor the bottom ot the cement plug. This tool permits the bottom plug to pass through and
out of the tubing. Cement is then pumped out of the tubing string, at the plugging depth. and
begins to fill the annulus between the tubing string and the borehole.  The top tubing plug.
following the cement, is caught by the plug-catcher tool, causing a sharp nise in the surface
pressure, which indicates that the plug has landed. The latching device holds the top plug to help
prevent the cement from backing up the string but permits reverse circulation. The string is then
pulled, Teaving the cement plug in place.

The two-plug method helps to reduce the possibility of over-displacing the cement o
contaminated it with adjacent fluids. 1t is the preferred method with regard to the quality of the
cmplaced cement.

High-pressure squeeze cementing, as depicted in Figure 6-20, is a job in which the fluid pressae
in the wellbore exceeds formation fracture pressure prior to or when the cement is in contact with
the tormation. Boreholes and formations may both be sealed with this technigue, but it is not
normally recommended for plugging operations @t horizons deeper than 2,000 {1, If the goal is
to isolate or stop How behind pipe and/or cement, there may be no choice but to pertorm a high-
pressure squeese. However, with high-pressure squeezes, it is not possible to control either the
location or orientation of the generated fracture. The fracture will be oriented perpendicular to
the Teast principal stress and will not be ereated horizontally, if the fracture pressure is less than
the overburden pressure (Hubbert and Willis, 1972). Fractures induced in formations deeper than
3000 ftare usually vertical. Thus, vertical communication between the zones may be established
in the fracture, and horizontal fractures containing cement "pancakes” may be generated by high-
pressure squecze cementing in some shallow wells,

After fracture creation, it must be sealed oft with cement, although sealing off a fracture can be
ditficult. Fluid displaced into a fracture preceding cement is wdeally a high-fluid-loss cement,
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This material will reduce the potential for fracture extension during cement emplacement. The
use of o high Muid-loss, aceelerated., or thixotropic cement helps reduce the amount of whole
cement ot filtrate) lost to fractures by bridging at some point in or along the fracture.

Low-pressure squeeze cementing, as depicted in Figure 6-20, is @ job in which the uid pressure
in the wellbore is maintained below the fracture pressure of exposed formations prior o and
duting the time the slurry is in contact with the formations.  Low-pressure squeeze cementing
uses a sl volume of low-fluid-loss slurry placed against exposed permeable formations with
a moderate squeeze pressure. It involves foreing the filtrate from the slurry into the formation
permeahility, which allows buildup of cement filter cake. Low fluid loss reduces the dehydration
rate of the cement and discourages bridging as the slurry is foreed along openings or channels,
Loa pressure squeezing is more applicable moweak zones where no competent zone may be
tound.  The low-pressute squeeze may be i solutton to the problem of sealing the region of
secondary penmeability surrounding the diserete welbore in artificial penetrations at the Yuceca
Mountain Mined Geologic Disposal Site. The zone known as the “disturbed area™ occurned in
all penctrations, Use of resin or plastic cement with low-pressure squeeze technigues may result
m the squeezine of the resin phase into the secondary permeability surrounding the wellbore.
which will form a seal within the formation. Low-pressuie squeezing by itselt or in combination
with an expanding cement could be considered for application in arcas where temperature
clevation is small relitive to the temperature elevation at the potential repository horizon.

I uncased holes, the Tow-pressure squeeze would be conducted between two mechanical pluags
o hetween an upper mechanical plug and a lower material plug, such as cured cement. i either
case. the mechanical plugs we likely to be left in the hole. The general procedure for setting
foae pressure squeeze plug in an open hole would be as follows:

. Set lower mechanical plug or cement-type plug.

to

Set upper mechanical packer or squeeze tool, and initiate injection into zone 1o be
squeczed. Find the downhole injection pressure.

1. Unset upper ool and circulate cement sturry 1o desired location.,

4o Set upper tool, and apply . maderate squeeze T pressure. Considerinereised
hydrostatic etfect of cement column,

‘I

Restore squeeze pressure by engaging the pump as bleed-oftf occurs,

6. Gragually increase downhole pressure to predetermined squ cze pressure, usually
a few hundred pounds above the pressure required to initiate flow (from Step 2).

7. Disengage from upper packer tool, and remove workstring trom borehole.
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The following precautions should be used in the planning and field placement of cen »nt plugs
(Herndon and Snth, 1978):

to

0,

~l

. Conduct a caliper log of the borehole to determine accurately the cement volume

and displacement requirements,  This serves to identify the size mechanical plug
required and where to set it.

. Caretully calculate cement, water, and displacement volumes.
. Use an excess volume of cement to accommodate for losses.

- Application of weight is the usual manner of testing the quality of cement plugs to

satisty regulitory requirements in the oil and gas industry.

. Select clean, hard formation for zone isolation intervals,

Conduct pilot test with the actual on-site cement blend. and min water under
simulated well conditions to determine actual thickening time.,

. Allow ample time for the plug to set before moving to next downhole operation,

When placing cement plugs across a selected mterval of a borehole, o gauge section of the hole
may be identificd by using any of several types of caliper logs or even down-hole cameras in air-
tilled boreholes. Yet, mechanical caliper logs are the only caliper instruments known to function
in air- or foam-filled boreholes,

Quality control measures that help to ensure the performance requirements of the emplaced seal
may include the following:

On-site Taboratory testing facilities

On-site calibration -nf mixing cquipment
Redundant testing of seal materials and additives
Redundant measuring of blended materials

Continuous sampling of blended materials throughout the emplacement operation.

Onesite Taboratory testing facilities allow better control of the quality of blending materials and
methods of blending to meet the blend specifications. On-site testing could be available in time
to take corrective action (Granberry et al., 1989). Table 6-5 illustrates the effect of mixing witer
on the perfornance of Class H cement. Table 6-6 presents the AP acceptance requirements of
Classes Goand H o cements.
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Table 6-5

Etfect of Mixing Water on the Performance of API Class H Cement”

Type: ot test 6,000 1t API Casing Cementing Test !
Cunng tunee 24 hr i
Cunng tempetature 95 F ';
Cunng pressure 5,000 psi !
e 1 — -
g Compressive %
i Thickening Time Strengih ]
Type ot Water {hr min) (ps1) ) .i
Tap vter 234 2.150 I
Tap water plus 2,200 ppm 1:18 2.300 i
L cabonates i
| Setwaiter i 152 2.610 d
l_ B e P TR £ 2 Pyt e gl R A b Aaghe i iy —pe i - “ T T L T T e e T AT S A ST T v
‘From Smth. 1990
Table 6-6
APl Acceptance Requirements”
S e T Ll S AT IR LTI TS S — — .-;'.;_;‘!
Maximum Minimum Maamum i=
Consistency Thickening Thickening
15 1o 30 Min Time Tine
Ceament Stirning Period 100 Cp 100 Cp

! Class (Cp) {min) (nun)

G 30 90 120

H 30 90 120

*From Snuth, 1990.

A service company normally performs calibration of the mixing equipment at their service shop:
however, onssite calibration would ensure better performance of the blending operations. These
operations employ redundant measuring devices during blending, such as flowmeters, volume
calibrated tanks, densimeters, and pressurized mud-weight balances,

In line sampling ot the bulk and blended materials, both dry and liquid, are preferred over o

thicl-type sampler.,

representation of the sealing material quality (Smith, 1900),

Automatic or continuous sampling throughou: the job will give a better

The various types of cement mixers include jet, recirculating, and batch mixers. Normally, botly
the gt and recirculating mixers are i part of the pump unit. which usually has two positive-
displacement pumps. These are either duplex double-acting piston pumps or single-acting triples
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plunger pumps. A batch mixer is & separate piece of equipment from the pump unit. 1t is used
when requinng a speafied volume of cement but may be expanded with multiple mixing tanks.
[t enables precise slurry consisteney and volume.

A et miner uses i funnel-shaped hopper and fluid stream to move the blended cement into a tank
tor pump suction. The volume of water forced through the jet determines the mixing speed and
the amount of cement that may be fed through the hopper during mixing. A normal slurry mix
rate is S0t /nun for ajet mixer. A recirculating mixer has a jet mixer, b, recirculating pump.

and agitation paddles o1 jets o improve the uniformity of the cement slurry. Slurry densities of

22 Ib/pal may be pumped as slow as 0.5 barrels/minute (bbl/min). Table 6-7 compares the slurry
densities and mining rates ot jet and recirculating mixers.,

Table 6-7
Range of Slurry Densities and Mixing Rates”

! Jet Mixer Recirculating Mixer
|
, Mix Slurry Mix Slurry
: Rate Density Rate Density
] (bbl/min) (lbigal) |  (bblimin) (Ib'gal)
| Densihied and weighted slurries 2-5 16-20 0-8 16-22
| Moeat slurnes 2-8 15-17 0-10 14-18
‘ High-water-ratio slurnies 2-14 11-15 0-14 11-15
‘Fram Smith. 1990
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7.0 Borehole Sealing Strategy Conclisions and
Recommendations

This chapter presents the conclusions from this study and a strategy for sealing boreholes in
terins of seal performance requirements. Inherent in this strategy are answeas to the following
concerns: where to seal, telative to the potential repository and geologic setting: how: to scal,
telative to selection of seal materials, geometry, and placement methods: and when to seal during
the stages of potential repository operation, As discussed in Chapter 1.0, the strategy for sealing
boteholes addresses performance requirements given in 10 CER 60 and presented in Issue 112
and the availability ot technologies to place borehole seals as discussed in Issue b Theretore,
this stategy includes an evaluation of the performance of the sealing system. Because
pettormance seliability s entical to the strategy, reducing the likelihood of failure and selecting
measures 1o avoid deleterious events are important to the sealing strategy. Recommendations are
tide to the surtace-hased program to address issues identified in this report.

The stategy provides paidance tor those acquiring site information from the surtace-based
progian, This reportis consistent with sterative performance assessment ad ties design concepis
with stte-specitic teatures. The concepts are flexible in that they may be modified i the
assumptions made on the rock properties change as o result of site characterization efforts or as
additional scenarios for seal failure are defined.  In the sections that follow. results from
pertormance and design evaluations are presented. Collectively. the conclusions reached from
these resalts validate the borehole sealing strategy presented in Chapter 2.0,

7.1 Significance of Borehole Performance

The purpose in evaluating borehole significance is to determine those boreholes that could act
as preferential pathways tor radionuclide releases (both airborne and water pathways) and tha
could introduce water in the potential underground potential repository. The following scenarios
were evaluated in Chapter -L.0:

< Aidispersion of radionuclides through tractured rock above the potential repository
and itio a borehole :

o Convectve air ttansport of radionuclides through rock above the potential repository
and into i borehole

« Water transport of radionuclides from a flooded perimeter drift at the potential
1epository horizon through fractured rock bereath the potential repository into

borchole above the groundwater table

» Transport of water from a floaded borchole, within a potentially flooded arca. 1o the
potential repository horizon,

Results reached from the detailed evaluation of these scenarios are summarized below:
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+ Significant lateral dispersion of air above the potential repository, assuming the
more conservative case of isotropic rock conditions, is limited to approximately 600
m from the edge of the potential repository (see Figure 4-7).

o Significant Lateral dispersion of air above the potential repository, assuming the
orientation and strike of the fracture system, is probably more restricted on the st
and west sides of the potential repository thun the north and south sides of the
potential repository (see Figure 3-7).

« Considering convective air transport, Lu et al. (1991) showed that where the
permeability of the nonwelded Paintbrush tuff was low relative to the welded tatf,
lnteral dispersion under the nonwelded unit was greater. It was also shown tha
radionuclides could also be released immediately to the west of where the bedded
tufts outcrop on the west side of Yucca Mountain,

o I the perimeter drift were fully saturated, water transport from the perimeter drift
1o the groundwater table is estimated at a maximum vector of 30 degrees from
vertical.

« From calealations estimating the flood heights for the PME. about 30 shallow and
deep boreholes within or near the potential repository may be subject to flooding.
Most of these boreholes are collared in alluvium.  Of the boreholes subject to
flooding, about 14 deep borcholes penetrate to below the Tiva Canyon Member,
Three boreholes penetrate through the Tiva Canyon and the Paintbrush nonwelded
tuff into the Topopah Spring Member. The remaining deeper holes (for example
USW WT-2, USW G-4, USW H-4, and USW G-1) penetrate through the potential
repository Lorizon, It these holes are not sealed. the deep boreholes are more
significant m enhancing flow to the underground by 5§ 10 6 orders of magnitude.

These results confirm the following conclusions presented on the borehole sealing strategy in
Chapter 2.0

¢ Those boreholes within the potential repository and within un extended boundary
are signiticant from an aithborne release perspective.  This extended boundary is
defined as being 600 m from the edpe of the potential repository.

+ To restrict airborne flow above the potential repository., it is concluded that a high-
quality seal should be placed in the Paintbrush nonwelded tff into the upper
portion of the Tapopah Spring Member. For those boreholes that are immediately
west of the outcropping of the bedded wff an the western slope of Yuccs Mountain,
such as USW H-7 and USW WT-K, a high-quality scal should be placed in the
upper portion of the Topopah Spring Member,

+ Because the distance from the potential repository to the groundwater table ranges

from about 200 m in the northeast 1o about 400 m in the southwest and because the
water-flow direction, under fully saturated conditions, would be no greater than
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about 30 degrees from vertical, the maximum lateral dispersion of water under the
potential tepository is computed 1o be about 210 m' Because this water-fow
caleulation considers a uniformly distributed fractured system and does not consider
cifects of stmtigraphic contacts dipping to the cast, it is concluded that any borehole
3000 m from the edge of the potential repository and peaetrating beneath potential
tepository horizon could be considered o preferential pathway for radionuclide
release and should have a high-quality scal in the Calico Hills Unit above the
groundwater table,

« Borcholes subjected to flooding, especially deep boreholes, should be backtilled o
sealed e significantly reduce water infiltration anto the underground potential
ep ity

7.2 Summary Conclusions of Where, When and How to Seal

This section presents susnmary conclusion regarding “where,” "when.” and "how™ to seal. The
analvses presented in Chaprer L0 through 5.0 are discussed with regard to the strategy presented
in Chapter 2.0,

7.2.1 Where to Seal

In selecting alternate depths above and below the potential repository and in analyzing currem
mtonmation  chiacterizing borcholes,  geologic setting, and anticipated  conditions 1o be
cncomtered following deconmissioning of o potential repository, the two most significant issues
adiressed are the characteristios of the host formation and the anticipated in situ and thermal®
stress environment at these prospective sealing locations,

In Chapter 2,0, sealing Jocations were determined by developing o borehole wall classification
svatem d by considering the geologic setting for sealing, The classification identitied four
qualitative categories, from excellent (Category C1) to extremely poor (Category C4), Category
Cloaepresented smooth boreholes, few lithophysae. and no fractures: Category C2 represented
sinooth surtaces, with small and consistent spacing of lithophysae and o few tractures: Category
C3epresented poor rough surfaces, intermediate lithophysae. frequent fractures. and enlarged
but usually symmetrical borehioless and Category Cd represented the worst category, with rough
and sery inegalar surfaces, large lithophysae, many fractures, and enlarged nonsymmetical
borcholes. Based upon these categories, the generalized hole conditions were found 1o be as

toHowns,

s ackpow ledged that Lien spreading on contact zones conld oceur o the east due to contgasts in
pesmcabilny between welded and nonselded units. The degree of spreading depemds on the infiltration nne
rechareang the perched water, the size ol the perched water zone, and infiltztion rate through the less penmeable
nnit,

T thernmal Towdings within the potential tepository bonndary change, the thermal stiess ensironment at sealing
lowations 1nay change with updated sepository desipns,
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« A high pereentage of Categories C3 and C4 oceur in the densely welded, devitrified
wif in the Tiva Canyon and Topopah Spring Units,

« Cutegory C1oceurs in the Paintbrush nonwelded wtf,
o Categoties CLand C2 ocear in the upper portion of Topopaly Spring Unit.

o Categories C1 and C2 oceur in the nonwelded vitric and zeolitic portions of the
Cualico Hills Unit,

Kes seals should be placed in the Paintbrush nonwelded witfs, in the upper portion of the
Topopah Spring Unit, and in the nonwelded vitne and zeolitic portions of the Calico Hills Tinit,
While borehole classifications show more favorable conditions in the nonwelded tfts that e

l
relatnely tree o bactures, the assessed rock-mass strength for nonwelded tft s somewhat
fower. due to the contrast in unconfined compressive strength between the welded and nonwelded
s C150 versus 15 MPa). Neverntheless, the varying conditions suggest that sealing locations
with tugher rock-mass quality in welded and nonwelded units can be selected that are not '
imtensely tractied.
Other intonmation presented on the in situ state stress, the development ol thermal stress, and

|

toch muass strengeth was presented in Chapters 2.0 and 300 Consideration of all information leads
o the tollowing conclusions:

. For deep borcholes, place seals in competent zones to eliminate the eftects ol
sutficial erosion. Shallow boreholes need not be sealed.

. Place seals in zones at the fower sealing location that are free of fractures on in
sones having few fractures below the potential repository horizon, The resulis
of the carrent borehole classification show that the bedded. nonwelded wfts of
the Calico Hills Unit below the potential repository horizon represent the best
sealing focations, The stiffer units are more desirable from the standpoint of
developing interface stress.

. For boreholes within the potential repository or just outside the potential
repository perimeter that penetrate to the potential repository horizon, place scals
at the upper contact zones in the Paintbrush, or alternatively, in the Topopah
Spring Formation to restrict airflow to 1 pereent of the total thit would ocew
through the rock. 10 iy conservatively assumed that the potential exists o
perched water conditions at these borchole locations and that these seals at the

Supper contact zones woulid prevent saturation of seals below the potential
tepository horizon,

. Temperature effects are far more sigmficant near the potential repository horizon
and suggest seal emplacement away from the potential repository horizon
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. Place seals in the upper portion of the Topopah Spring Uni to the west of the
potential repository, as the potential exists for convective airflow to break out at
the ground surface in Solitario Canyon.  In other directions from the potential
tepository, the results of the air-dispersion caleulations suggest borcholes within
a distance of 600 m may represent preferential pathways for the release of
gascous radionuclides,

7.2.2 When to Seal

In Chapter S.00 0 cortosion assessment for casing and @ stress analyses of open boreholes were
prosented e addiess issies oy o when seals should be emplaced. The casing-corrosion
caleatation provades infonmation on how long the casing may be stable under heated conditions,
V conrestonassessmient was nade to evaluate potential cortosion effects on borehole casing. No
site spedttie dati e available tor the corrasion of carbon-steel casing at the Yocca Mountain
stte: however, the tallowing is known about general corrosion rates for carbon steel inair and

\-lll

«  FPhe penctiation ate tor carbon steel inair tanges from less than 1 to approsomately
Tk oMansson, FOSD0 Higher corrosion rites oceur in acidic atmospheres (i
corrsadered o Lactor at Yueca Mountun,

«  Ihe penctration tate for carbon steel in soils varies from 3 1o 100 mil/yr. depending
on resistivity thaty in turn, depends on moisture content.

Considerning casig contigurations, deep casings, such s those used in U250 #1 grouting.
eccurted over short distances, and the casings were freestanding over much of theie leagth,
Shatlow casings grouted o depth of 100 10 200 16 such as those used in UE-250 #5, could be
subnect o dong-celb action. In deeper zones, the stite of in situ stress is higher, and rock-mass
strenethoas lower the the Calico Hillsy Inother arcas, roch-mass quality is loser in more highly
fractured it The posability exists tor collapse of the borehole against the casing, exposing
stcel tothe host tormation. Hereo the tange of saturation is 46 to 84 percent for welded wft and
Fo o T6 percent o nonwelded ttt (DO, T902), suggesting long-cell action, The Tow
vomductivaty ot both welded and nonwelded wft saggests that local-cell action woukd be
wsnthicant. Conrosion might be higher in these arcas because of the synergistic eftects of
contact with the hostrock and stresses within the casing: however, these zones e evpected o
Be o esabated, reducig the potential tor long-cell action, and the actual cotrosion tates will
probably be the same as those Tor carbon steel exposed o air and (possibly) i humid
chvonmnent,

Reconduroning o the barehiofes that penetrate or thiat are close o the Yuees Mountain Mined
Gieologic Disposal Site appear to be more feanible prior to potential repository construction.
Recondinoning those boreholes that penetrate the Topopah Spring Member, where it is o be
mimed. would be Togistically difficultafter excavation, due to the need (o move inand set up a
ngand o recondition the borehole for conditioning. I there is no borehole survey data for
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determination of the well trajectories, it would be beneficial to reenter and survey the wells, Thas
would enable eacavation of the shafts and potential repository with accurate knowledge of the
hoarehole locations. It any fish or casing currently locate at the potential repository or shalt
honzons, these hazards should be avoided by maintaining an adequate separated distance of
15 m.

The Kisch solution wias used o evaluiate stress concentration effects for open boreholes ad
borehales penetrating near the toof, sidewall, and floor of @ drift at the potential repository
eacavation. The prosimity of these locations, combined with stress-concentration effects, suggest
that the development of shear stress of 1 to 20 MPa under some confinement may oceur and
tiat the potential exists for localized rock-mass failure. Also, elevated temperatures at the fower
seal location would occur due to the proximity of the potential repository horizon to this location.
Fhe upper seal Tocation would be affected much less significantly.

In conclusion, seals should be emplaced prior to waste emplacement within the potential
teposttory boundary for the following reasons:

o To prevent collapse of the casing, which would limit aceess o selected sealing
locations

o To prevent aceelerated corrosion of casing, due to collapse of the formation around
the casing (which would result in higher corrosion rates than those for atmospheric
cortosion) and due o potential synergistic effects between stress and corrosion,

o To avoid the potential development of high boundary stresses during potential
repository heating in an open borehole after casing remaoval,

A sepatation distance of at least 1S m from the potential repository drifts should be maintained
to climinte stress-concentration effects,

7.2.3 How to Seal

In addiessing the issue of “how o seal,” two basic areas are considered: (1) recommended
design requirements for borehole seals for air and water flow and (2) identitication ol sealing
strategies that can be used to mitigate seal failure. Both are discussed below,

The regulations for borehole-seal performance (10 CER 60.134) require that "boreholes shall be
designed so that following closure they do not become pathways that compromise the peotogic
potential repository’™s ability to meet the performance objectives.”  The position adopted in a
previous report on sealing (Fernandez et all, TORT7) and in this report is that if vertical flow
through all the boreholes is restricted to 1 percent of the total flow through the rock mass, this
regulation is satisfied. The total area considered was the area within the extended boundary of
the potential repository boundary (shown on Figure 4-7). which was determined through air
dispersion caleulations. Following the review of the air-dispersion caleulations, about 116
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existing and proposed boreholes were identified that would be subject to the airflow requirement,
OF these holes, about 30 penetrate to the potential repository horizon, Two major results were
derived srom applying the T opercent criterion for airflow:

+ Borchole seals having a matrix conductivities of 10" em/s or less, with an effective
interface aperture of SHO microns or less, can satisfy the 1 pereent criterion,

« The reselts for the three conductivity models presented in Chapter 2.0 show less
stgnificciice by 5 1o 6 orders of magnitude for surficial boreholes than for
mtercdiate-depth boreholes penetrating the potential repository.

Theretore, woas cancluded that the 30 borcholes penetrating through the potential repository
honzon donmnite aitflow and require sealing to the air-flow performance requirements, The
suthicial boreholes do not requite sealing to the performance requirements and can be simply
P kiled.

A smlar application was used to develop recommended performance requirements for borehole
seals e the Caheo Thills Unit. The results showed that a borchole seal having matrin
conductivities below 107 cm/s and with an effective smooth-wall aperture of less than
106G pictons satisties the 1 pereent criterion. It is recommended  that this performance
requirement apply toall boreholes within a boundary 300 m from the edge of the potential

tepostlony

The second area that was considered wis identitication of sealing strategies that can be used to
mtigate seal fatlure. Seals need 1o be emplaced at key locations using selected  material
placement methods and geometry to resist toad and to provide strength serviceability. Seals need
o esist varous combinations of dead, seismic. and thermal loads.  The list of potential
degradation mechanisms Clable 5-1) includes those physical mechanisims that might affect
hydiologic pertormance. The list includes channeling around the seal. mechanical degradation
and deformation of the seal. modification of borchole fill properties. and chemical degradation,
Associated with cach failure mechanisny are strategies to mitigate seal failure. All of these
gencral stategies are recommended 1o be part of the overall sealing strategy.,

n conclusion, seals need 1o be emplaced at key locations to reduce the potential for airflow
ovattting out of the potential repository or for water flow oceurring either towards or away from
the potential tepository s follows:

« Cementitious materials should be selected with seal conductivities of 10 em/s or

less, with an effective interface aperture of 100 microns or less for seals below the
potential repository.
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« Cementitious materials should be selected with seal conductivities to 10" cm/s or
less, with an effective interface aperture of SO0 microns or less for seals above the
potential repository.

Seals need to be emplaced ot Key focations to resist load and to provide strength, as the analyses
in this report suggest i coupling of structural performance to hydrologic performance. These
seals should be composed of cementitious materials and placed as follows:

« Scal locations, material properties. and placement methods should be selected tha
provide adequate strength and deformational serviceability for sealing components
to resist vartous combinations of dead. seismic, and thermal loads. These include:

Dead loads from overlying seal manerials
Thermal foads, due the hydntion of the cement and radioactive waste generation

Ditferential volumetric eapansion. due to placement methods, cement hydration,
and difterences in selected matertal properties

Liguetaction and consolidation of backfill, due to seismic events,

o Parametric studies using available data suggest in Appendix | that cementitious
seals be placed under @ slight pressure and with a fow placement temperature,
Saturation of the backfill could load the seall and reduce effective stress. A
cementitious seal with a tensile strength of T MPa and a compressive strength off
21 to 34 NPy (3000 10 5,000 psi) is adequate for combined loads.

« A backtill should be placed between the rigid seals that has a specified porosity and
grain-size distribution. which will provide a capillary barrier 1o unsaturated flow
occurting downward or Laterally at stratigraphic contacts.

7.3 Summary Conclusions Available Technologies to Seal Boreholes
One ot the objectives of this report was to review the technologies aviilable to place seals in
hateholes, Chapter 6.0 included a review of tasks needed to place seals. These tasks are as

tollow e

« Removal of freestanding casing and borchole materials, it present
«  Reconditioning of the borehole wall

o Sclecnon of seal materials

o Emplacement of scals,

As discussed in Chapter 6.0, technologies are available to accomplish all of the tasks identitied
above, However, some ditficulty may oceur in removing materials in selected boreholes. In this
regand, sealing concerns should be taken into account betore drilling proposed boreholes, “The
tollowing conclusions are included as part ot the borehole sealing strategy:
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«  Maintain detailed constraction documentation
« Sclect dulling methads, if possible, that will reduce wall-cake build-up
« Select drilling methods, it possible, that will result in better well condition

< Minimize risk of losing drilling tools and junk in the borchole, c.g.. develop
protocol for tool inspection: make routine field inspections intermittent with
downhole operations

o Utihize materials that e welatively casy o remove throagh fishing or milling
< Launit number of exploratory borcholes,

7.4 Risk Involved in Abandoning a Single Borehole

As part ot the sarface-based testing program, the DOE requires guidance as to the consequence
and sk oamvolved e abandoning boreholes without sealing, The tollawing discusses the
conseguences of borchole abandonment on air and water flow, The calculations presented i
Appendin T allow evaluation of o single borehole that is abandoned or left untreated. For
putposes of exaluation, the exiting USW UZ-6 barchole has the Lirgest diameter at the potential
teposttony hotizon, Aboo it should be considered that the effectis e hydraulic conductivity of the
abandoned borehole equals T cms tequivalent to an air conductivity of (04 meters per nunute).
The comductance can be compared 1o the cumulitive conductance for the thiee models. The
relative signiticance of o single abandoned borehole depends on the model emploved. For the
fow condactiviy madel eModel 1 a single abandoned borchole provides i greater conductane
than 100 combined together tor 30 borcholes penetrating through the potential repositony
hotrzomy. For Maodel 20 the conductance of a0 single abandoned borehole represents about
10 percent of the total ow. For the most conductive model tModel 30 the flow thiough o single
abandoned borehole s not significant, in that the design requitement expressed as o hvdianlic
conductnaty tor seals s o the onder of 100 ems,

Phe above analysis does not mclude Laalt zones that may have o higher conductivity, It tauls
cones are persistently higher m conductivity, they may dominate convective antTow, and a smgle
abundoned hole would have Tess significance. On the other hand, it the Tow-conductiv ity model
iy appropiate with o flow resstance dominantly occurring in low-conductivity tormations, the
abandoned borchole has added significance.

As poted previousty in Section L2 the allowable amount of water that could contact the waste
v unknown amd the manner o which water in the unsatmated zone under perched water
conditions i ahigh temperature covironment would enter the potential repository is not known.
While no specific calculations are presented ot the potential impacts on water flow. the
abandonment of a single borehole might be evpected under worst-case assumptions o have
snlat impact. The progect should recognize that the cuttent understanding of the hydiologi
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soee s not complete at this time and will be updated as site chatactenizanon intormation

hecatnes avatlable,

Based upon the prelimimary calculations presented in the report, the project proceeds at risk m
abandomng borcholes where access to sealing location cannot be assured.

7.5 Recommendations for the Surface Based Program

Fhe evaluations and conclusions presented in this report provide guidance tor the surface -hased
provram. This goidance s provaded in aadressig sealing plans and answering questions
tevatdimg proutmy, borehole access, borehole abandomment, and when these issues shoglhd be

addressed . These issues are discussed in omore detail below,

7.5.1 Maintain Casing

Brchole casmyg wall be maintained for the magority of planned boreholes, although several
boteholes have been proposed that requite grouting of fractures and other material mn seahing
somes where casing has been removed. Inthese zones it will be very ditiicult o reenter
horenoles tor purposes of seal emplacement, and carrent confidence is low that such an operation
will b saccesstull Because of potential sisks, it is recommended that casing be maintained in
deep boreholes wathin the extended boundaties of the potential repository 1o provade continued
aceess 1o barehole sealing locations, Inall cases, sealing concerns should be tahen into account

hetor e dulhing proposed borcholes,

7.5.2 Fracture Grouting

Fracture groutmg at the upper and lower sealing tocations may be necessary to intercept ta i es
that nnght be subject o stress aeliet during drilling or alteration during potential tepositon
heating. Inosuch Gases. no grout should be introduced an the apper and lower sealing locations
duninge stte chatadtenization, sice such grout may attect pertormance at the time of potentral
teposttony decommussioning and well abandonment, '

7.5.3 Borehole Sealing Plans

Well abandonment proceduares and plans existand are used in water well, oilZgas well, and deep
welbimpecuon o chinumate phy sical hazards, present groundwater contamination. consen e aqguiter
vickband hydiostane head.and prevent imtermining of subsurface water. Many states regulate
well abandonment. For example, NAC 3354277 contains the State of Nevada®™s injection well
plugeing reguitement, while NAC 334420 contains the requirements for pligging water wells,
Fhe standards for closue of imection wells (30 CER 14671 [d) [1-7]) are perfornunce-based.
without clear methods or procedures to enact closure. For those wells that do not penetrate to
the groundwater table. the State of Nevada (NAC SILI2L0Tn allows backtilling of the well
with soil cuttmgs dridled from the well or inorganic fill matter: yet, the top 50t must be filled
with cement grout, condrete grout, or neat cenent,
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It s theretore recommended that o general sealing plan as outlined in detail by this report be
developed tor all exploratory boreholes as well as o detailed borehole-spectfic sealing plan.

Phe seal plans deseloped by the progect should exist as controlled documents with design
specthications and consttaction diawings and should consider general and specitic problems
encountercd at specitic sealing locations after detailed borehole inspection and in situ testing.
Fach borchole would be survesed tor accurate well tagectories, The emphasis in the plan would
he o ase o combination of mechanical calipers and video-logging during mnspection to search for
obstructons Jgection pressures may be determined by controlled hydrofracturing in zones nea
seal docations I areas where pregronting is necessary, grout design will be tailored o provade

materials pertotmance at specified grout-injection pressures, viscosity, amnd strength,

Fhe project should estabbish administrative procedutes for sealing explotatoay borehoies The
suttace based site chatactesizaton manager, o Jus authorized designees will complete a Well
Borchole Sealing Request torm o amtiate activities. Betore operaiions beging he, or his designee.
will complete wo baplotatory: Borehole Sealing Plan, documenting the specilic constraction
itotmation and special concerns, the types amd amowats of fTuids disposed duting sealing. the
appropriate seal desien and consttac ion methods, an estimate of the number and types o samples
to be coblected for gquality assurancesquality control during seal emplacement, the requaited testing
of the samples.an st testing of seals 1o venty petformance, and the proposed disposition ot

nuterntals ccasig. PV eteo atter emplacement.

Phe surtace based site charactenization manager, or authorized designee, and the on-site geologia
well complete as bult sealing diagrams dunmg sealing,  cotore sealing operations begin, the
sutface based site chitractenzanon namager. or authotized designee. and the onssite geologist will
complene sealimg and abandonment diagriams, locating  the well, ddentitying the diilling
subcontiactor, and docamienting as built seals. Any changes from the sealing plan muast be
docimented by a Freld Change Reguest torm transmitted  to the design engineer, who will
evaluate the ticld change request and authorize any chimges by issuin o Design Change Notice
that mevhities the seal-design speaiticattons and drawings. In this manner, all issues reganding
treld clunges are resolved by both the design engineers and tiekt operations personnel. The
vn e peologst will complete o well plugging and abandonment progress report that includes
Jdesarptions o the daily activites pettormed during plugging and abandonment operations,

Awunportant issue i the suttace:-based progranmis at what point should sealing plans be in place.
Fhe calcatations presented m this eport state that nea the potential repository the potential exists
tor tuture deep boreholes o be attected by dispersion or flooding. These boreholes should
be evaluated pron o dolling o detine specitic seal designacquirements, 10is tecommended that
scaling phans be prepared tor all proposed deep boreholes within the estended boundary of the
potential tepository prion to borehole deilling, and that work plans address issues with respect to
well abandonment and borehole access, whete contidence is Tos that access can be maintained.

Farther, o preuting should be mtrodaced into sealing zones as part of the catrent surface-based
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program swathout addressing the risks associated with not complying with federal regulations, In
this manner, work plan preparation will reflect an evaluation of the trade-offs in procecding with
the surtace-based program relative o the osks of well abandonment prior o drilling and well

I
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APPENDIX A
DETAILED INFORMATION ON BOREHOLE CONSTRUCTION
AND LOCATIONS '
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Table A-1

Borehole Construction Information
Existing Boreholes within Potential Repository Boundary
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Borehole Construction Information
Existing Boreholes within Potential Repository Boundary
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Table A-2
Borehole Construction Information

Existing Boreholes Outside of Potential Repository Boundary and

Within Potential Repository Restricted Area
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Borehole Construction Intormation
Existing Boreholes Outside of Potential Repository Boundary and
Within Potential Repository Restricted Area

| Soearoe ; Ba-ensis S2e Tzta g Casnz Soe . :‘..15-":3 ioGrowr D
| ' Cacranates ! Dametertocawon ¢ Deoin b Damatsr Lozatss . Tagtn § o Vogrs | LUPT3 TecRmieus
f e T ‘ ———— : . = Jacuatng
!L Borahcle 1D I osast | Nemm R ! 3 CRN R : R U \eaa’
tusosarato 1 osmoaac | temaae % 93240 P 830 & D3G Coagd ) 5 C Mud
| i i [ EVEC Ppa Grosten
i ! i ! ! :
j UE2s AE . 570:3F | TEIERR 303278 '; 20 ) 5 @73 LN 23 | & et Oolyrnesr
i ! ! PVC Pipz Groutea ’ i My
' 1
ug.25 UZ 22 528138 TEETS 5 @233 357 8 1S 50 @352 2090 0-115 A
2 25°@387. 5 ;
> t
?’ UE-25 UZ 25 861235 7g3LWmy 5 00°@3557) 38590 I8 60°'Q 3 130 C-1:5 A
UE-25 UZN =1 565224 78532¢ 16"@50" s00 15 50° @50 500 0-115 A
UE-25 UZN 22 566118 | 752508 (6"@50) 500 (% 59 @50 500 0-115 - Aw
UZ-25 UZN 23 565118 | 768630 E@Y5) 180 (5 50 215 ) {150 0-115 - Ar
Ue-25 UZN 24 555127 768583 (5" @30 200 (3 50°@351 30¢ 3-115 Aw
UE-25 UZN #5 5566134 753689 (5°@50" sCco 15 803 D50 £00 0-115 Arr
Jz-25 UZN =26 562137 7387Ch {6"@45) 450 15 63 (a5 350 . G185 Air
UE-25 UZN #7 5665141 TEBT24 (6"@45) <50 S0 @451 : 350 0-115 - Arr
{
YJE.25 UZN #8 556147 753743 {5"@45 45.0 8.50°@35 i 458 0115 Ae
UE-25 UZN #9 565156 764782 16"@407) 200 i550° @30 00 S5 Aa
UE-25 UZN 210 564734 765865 6 @93 96.0 15507 @584 649 0-115 Anr
(4 25°@53)
UE-25 UZN #12 56£.95 768551 t6"@50'; 5C0 683 @50 i 839 D115 Awe
| UE-25 UZN #13 568255 | 753025 15@85 559 sEy@ss. 1 s i I ous A
: ‘ * !
,!‘ UE 25 UZN =214 558332 | ratasT tn E55 289 A DIA az ;o i seen A

Flaetiar 13 130INCUR Y 10 CF 1T

R —
| S e



§-V

Table A-2 NN LAHTHPRY 3
Borehole Construction Intormation

Existing Boreholes Outside of Poten‘*ial Repository Boundary and

Within Potential Repository Restricted Area
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Existing Boreholes Outside of Potential Repository Boundary and
Within Potential Repository Restricted Area
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Borehole Construction Information
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Table A-2 (Conunced)

Borehole Construction Information
Existing Boreholes Outside of Potential Repository Boundary and
Within Potential Repository Restricted Area
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§ usw UZNs4 564262 | 760272 27 0-115 1 Ar
| USW UZ-NSS5 564248 | 760503 255 3 O-115 1 Aw
; USW UZ-N55 562537 l 7586827 13"@50'} 50.0 15 80"250') £0 0 O-115 1 Auir
Serer 0 toctnotes At end of table
N anin Wi X I
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Table A-2 .Connrnuac

Borehole Construction Information
Existing Boreholes Outside of Potential Repository Boundary and
Within Potential Repoc<itory Restricted Area

; | Borencie Berenste S22z i Touwa ' Casing S Jasimg P Grout .~ f
; i Cooro-ates Sameter-iozaten 1 Tepth | Dameenlacaten Dagir Do Volume [T rECROGue
: : . . . : ' o reulanng i
Borercle 1D i East ‘ Nerm wn ey i ey : (o ! i ah Veda® ;
il LSW UZ-NB5 | sstaszs | rsgaze i3 @53 . soc 550 @50 220 . omEscAr
' [} ¢ 1 ! . l}
i usw uzNsT bos3373a ! 753328 @28 oo ! 580 @28 . 20 : C-1s Ax ?
1 ! H 1 } : : '
i USW UZ-N5E | 554006 | T53%82 | 57288 ' 550 | '3 8@ER X ! S8 Ax |
: ' 1 ' i i H
i} USW UZ-NGS £54292 | TSas80 572351 3ze ' 5507235 ! 389 ! D-115 - Ax i
. ’ H . H
USW LUZ-N7S 560155 | T5325° 5'@35; 350 | 15 583 @35 : 359 ; 0315 A ;
. 1
it USW UZNTT 554397 | 755523 15" @59 500 15 207250 ) 300 0115 Air !
i usw uzNTS 556252 | 757558 6°@32) 200 (5 50° @20 P apo0 O-115 7 Air
USW UZ-N73 555334 | 757733 (532 320 {5 50°232) 320 O-115 7 Air |
USW UZ-N80 557201 757631 (6"@52) 520 (5 50°@52 520 O-115 7 Awr
USW UZ-N81 555585 | 757507 (6370 T00 {550° @75 ! 700 . O-115 " Arr
. 1 ,
, USW UZ-N82 554630 | 757428 i5'@4204 20¢C 530240 ; 100 0115 Ar
! t .
USW UZ-N23 555343 | 75CE24 15° @70 T00 15.50 @2 | 00 ’ O-115 Air
USW UZ-N24 555888 | 780717 15"@23) s50 ! (5.30°Q15) i 150 0115 Ar
USW UZ-N8§ 585460 | 750615 {5-@30" ' 300 {5 50 @30 | 00 0-115 Ar
! '
USW UZ-NB7 555887 Te0T1L 6-@45 ' 350 {550 @25 ; 250 D115 " Awr
' .
USW UZ-Ns2 556551 | T6OTGT 5"@32) 30¢ {550°@32) | w0 | C-115  Av
USW UZ-N3S 555885 | T50510 (6215 5.0 (8 50°@25 T LGS A
i ‘
| USW UZ-N20 8555837 | 760603 6" @457 458 1 {550 @25 | 250 D118 A |
HETSAT & 553730 | 75331 |  Ss2Acpenze & 1 18330 ‘ Ss¢ Apgeman 8 236 18 1 o Ax Toam i

Sates 1D 202800065 A 8nd of tadle
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Existing Boreholes Outside of Potential Repository Boundary and
Within Potential Repository Restricted Area

Table A-2 :Connn

Borehole Constrdction Information

i Boreno's Boranda Sza o | Cazrg See Casing ; Grout ' !
§ Coord.nates DiameterLozaton | Darm | DameterLocaten Deptn | Voume | Oniing Teceaque
i R : " ] Ciuculating ;
‘ Borehote 1D East | Nonh n e | S RS it ‘ e ' Mecia® i
?; USW WAL 552391 TE8ET0 Ses Aspend ® 1 16105 : Sea Agpandn B 525 S 162 C Air Feam
b S W10 §53302 | Ta3vTe Ses Appsnd.x B 14930 | Sea Aspands B 1ag i ave C Ar Foam
;' S-25 a1 555428 | TH2631 13 75253 } 53¢ ; (5 50°@50 500 C. Poymer®
i US.25 22 566427 | 752403 i3 75°@53 830 | 6" D50 g0y C . Polvmer®
l; uS-25 23 572454 ! 782078 13 7542 (35 & @501 800 § C ' Polymer®
i US-25 22 557853 T52458 18.75°250": 500 12 D50) 500 C ¢ Polymer®
i US-25 a5 567852 752432 (8 75°@52)) 520 (5°@50) 500 C / Polymer*
' US-25 =5 568551 | 762377 (8 75°@52)) 520 & @50°) 500 C / Poymer®
1 us.25 7 568551 | 762358 (8.75"@52)) 520 6" @50) 500 G Polymer®
f Us-25 =28 566332 762317 18.75°@52) 520 (6"@50) 500 C / Polymer®
; 115-25 =9 5693329 762285 (8.75°@581 500 15°@507) SO0 C i/ Polymer®
‘ US-25 210 5701.32 762251 18.75° @50} 500 18°@50°) 500 C ! Polymer®
' US-25 =11 5701114 782226 13.75°@52') 520 £ @50) 500 C / Polymar®
; US-25 =12 576894 762193 {8 75°@52" 5210 (6" (@50°) 500 C / Polymer®
i' US-25 #13 570831 | 762168 (8.75°@52) 52.0 5°@50) 500 C ; Polymer*
| US-25 214 571675 762137 (3.75°@501 50 0 (6°@507) 500 C : Poymer®
E US-25 215 571670 | T62105 (3.75°@50 500 §°@50) 50.0 C / Poymer®
] US-25 #16 572453 7620486 {8.75°@50} £0.0 15" @507) 50.0 C ' Polymer®
gg US-25 217 573627 | 751986 18 75 @55 500 @50 500 C ' Polymer®

Retar 19 100INCIHS At BN OF 1R
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Table A-2 [Conunucd)

Borehole Construction Information
Existing Boreholes Outside of Potential Repository Boundary and
Within Potential Repository Restricted Area

: : Sorenote Borensis Size L Totat i Caung Size Casing Grout | i TechmaLar
: | Coordinates D.areter-Lozaton Depth i Diameter-Lozaton Becth Volume | Onthog Techngue
| i : : : : - - Crzulating
; Borehola 1D i East l Notn | 1 ) ! (i i in 1) i ‘1" \edia®
% US-25 #18 f 574700 751885 12 75°@50, S0 0 15 ©50) 500 C ' Potymer
i us-25 219 ‘ 575242 | 761748 i3.75 @50 200 (5"@50) 85¢ C - Polymer®
+ i
g US-25 220 577175 | 751512 {8 75°@50) 500 16-@50) 500 C Polymer®
i Us-25 221 573543 781623 (3.75° (@50 500 16°@50) 500 C i Polymer®
H .
i i U-25 SEISMIC 21 560457 778913 {6.25"@200) 2000 | {4 5°@200) 20090 C - Air Foam,
2 1 ' Polymer”
= U-25 SEISNMIC 22 5€0363 775089 {6.25"2200) 2000 {+.5°@200) 200.0 C / Air Foam,
i Polymer?
U-25 SEISMIC #3 5E£1,268 77592565 (6.25°@200) 2000 {4 5°@®200) 200.0 - C . Air Foam®
Il U-25 SEISMIC #4 560174 | 779441 (6.25"@200)) 2000 (2.5 @200 200.0 . C  Air Foam®
U-25 SEISMIC #5 560079 776618 16.25°@200") 2000 (4 5° @200 2000 . C ¢ Arr Foam®
o L' 25 SEISMIC 25 559635 779794 6 25'@2b0') 200.0 {$.5°@200") 200.0 C ' Air,
Ar Foam®
U-25 SEISMIC #7 559801 . 779670 {56.13°@200') 2000 {< 5°®200%) 2000 . C - A Foam®
1-25 SEISMIC 23 553795 780145 (6.25° @43 200.0 (4 5°@200% 20C.0 . C. An,
{6.137@200") Arr Foam*®
U-25 SEISMIC =29 559702 782323 T {6.257@200) 2000 (1.5°@®@200 2000 C - Air Foam,
Potymer’
U-25 SEISMIC #13 | 560551 | 778736 (6 25°@200) 2000 (& 5" @200 200 0 C - A Foam,
Polymer’
"oU.25 SEISIAMC =214 £60740 778224 15.13 @200 2000 | {2 5°@200) 205.0 C. Ar Foam.
| . i Pciymer’

Feter 1) IDQINCT-S A =Y €2 il

(s s



Table A-2 (Coniinuea!

Borehole Construction Information
Existing Boreholes Outside of Potential Repository Boundary and

Within Potential Repository Restricted Area

| : Borengle ! Screno 2 Size Touat Casing S.22 Casna b Grout ! - _
: Contdinates I Drametar-Locaton Deptr Drametsr-Locator Dsotn volume | Dniing Tecnnque
: " - Crreulating
Berehola ID ! £ast E Nenh i fin ') i1y TLEH) el thy Media®
U-25 SEISMIC 215 | 550334 i 7Tazos | (6.25°@2069) 2000 {23 @200 2000 C ' A Foam,
i i Polymer”
H []
U-25 SEISMIC #15 | 56092% | 7785031 (5 25°(@200) 2009 2 5 @200) 000 C Ar Foam,
H ! Polymer®
.25 SEISMIC =17 561023 777358 {6 25°@200 2009 14 5 @200 2000 C ' Ar Foam,
Polymer*
b
> U-25 SEISMIC =18 561118 TT7579 (£.25°@200) 2000 145 @200) 2000 C: Ar Foam,
-~ Polymer"
U-25 SEISMIC 219 561212 777503 (6.25°@200 2000 {4 5°@200) 2590 C / Air Foam,
Polymer®
U-25 SEISMIC =221 569427 746304 (15°@5") 1200 {8 25 @140} 130.0 G Arr Foam*
(10.63°@140)
Total Number 138 Total Footage 86,367

‘Bribrg techniques include convent:onal rotary 1C). ODEX 115 (O-115), and ODEX 165 (0-1565)
*Conventional dnithng potymer mud (circutating media), Hlexble plastic hose emplaced, packtiled, and shot

‘Cased with PVC, baciktilied, and shot




Table A-3

Borehole Construction Information
Existing Boreholes Outside of Repository Restricted Area

+

T =~ ‘ = s S
E; ISRIGRIATS Sorencle Size ! ear . Ca3.ag Soe L lasezr o Grolr - . f'
' Cocranates Taveterlozaten | Destn ¢ Damsteisates | Deptt | Vowme | o000 Tednmaue
i i " : 1 Creutatng
‘i Qerenois 1D East Ngn» | I RS P R Al T \ledha! |
ERE) 5Tesst | reszos s Qusgty | oauso (13@eL2, | ; | q
(S @2320) | R3sNTE@se | ; ;
” 53-@3488 ; , ) ‘ .’ !
i {55 @1382.3235, : i
i , ' b
i UE-25 UZN 235 577563 | 750T°5 @805 206 15 66°@80 boaan o115 Ar
UE-25 WT 23 573338 | Tis00s Sz Appendix 8 1.942¢ Ses Appendit 8 15 0 231 L C-ArFoam ;
UZ-25 WT 26 2gl524 790576 Sae Apperdix 8 12555 See Appenax B 51 ¢C 215 C Ar Foam ;'
[}
EN Us. 25 WT 232 5701 733725 Sea Appendix 2 1308 ¢ See Appenrdix 8 700 182 C . Ar Foam H
. - !
to UE-25 WT 218 570365 774420 Sze Appendi 8 1.7100 Sae Agpendit 8 028 | 322 C Awr Foam :
UE-25 UZN 282 5835598 773010 (5"@105) 1200 (S50°@105} C5¢C O-115 : Ar
i< 25@120)
Uusvy WT-1t 568377 739070 S22 Appendix B 14450 See Appendix B 45 81 C - Arr Foam
!
U-25 SEISMIC 558607 780335 15 25°@200) 2000 (2 5°@200") 200.0 - C ' A Foam, :
219 : : Polymer® l
.25 SEISMIC 555513 789578 16 25°@200'} 2000 iJ.S'@E;OO } 206 0 C A Foam®
U-25 SEISMIC 559319 780851 18.25°@®2001 2000 1 5°®200 260 D C . At Foam.
212 Polymear” !
I u-25 SEISMIC 520235 | 741126 113 32°@5') 1450 (B 25" @139 5) 136 3 C ArFoam®
| =22 132 25°@145)) f
i :
ji u-25 SEISMIC £30507 | 63057 (15°@5) 1470 4 5" @140 1200 C Avfoam™ |
} 223 i1225"@147 ! :
tr P
f Tcial Number 13 Tota! Fostage 11,842

*Ontng techagques -ncluds comvartonat rotary (G CSEX 1164000 S ane DOEX 158 .0 248,

"Caza win PV, sackin'se. ang shot

] S
A S



Proposed Boreholes within Potential Repository Boundary

Table A-4
Borehole Construction Information

' i Sar , i i
! : Czc‘:;:?nx‘:»s g ircoosec f 9!:;:0-‘«: : Tel { ;
i ;.._- e . =1 T1ameter 4 Clentt “ogtage ! e ’
i Botebolz 1D 1 Zas ! Ng~r ! i~y i o Ky : Nctes !
I LPRS 2 S f 751363 05 | as 3836 a i
[} - . H - - | ! ! "
il * RS 4 | Satase ! P i) : 8ot RIS ; RIS a
ff LPRS 5 ! €52221 | T5383¢C ! 200 | 36 KE a
| $PRS 2 | g£2205 751028 ! sce €9 200 2 ;
SPRS 3 ! ggze0n 753445 ! 505 | 82 4 203 o l
SPRS 4 Poossea L zeusn 500 53 | 200 5 ‘
SPRS ~ i PRETY ! 760434 ; £02 53 | 209 b
SPAS 3 ! 25230 TECTED ! 607 g9 00 b
SPRS 12 : 82645 763272 | £ g9 | 202 b
SPRS 13 | £50100 765100 600 50 200 b
> SPRS 4 52353 785729 608 50 200 )
= SRG-5 58315 753175 5.00 150.0 150 0
USW SD-2 S6C565 76787" 1225 23006 23000 c
USW SD-3 563245 ?63TE0 1225 26100 25100 c
USW SD-4 552378 782290 1225 21000 2.100.0 c
USW SD-5 852105 763175 1225 2.030¢ 20300 c
USW SD-5 453375 762230 1228 2.580.0 25500 c
USW UZ-2 552130 75069 1228 2.8000 28000 c
USW u2-3 558220 756525 1225 28000 2.800.0 c
USW UZ-6A 568328 75073 1228 1.300 0 1,800 0 d
USW U2Z-7 852511 760535 1225 18759 15750 e.!
USW UZ-3 552754 760752 1225 120 720 t.g
) Ug-25 UZ-15 868326 753732 1225 12600 1.460 0 '
{JE-25 VSP.1)
LUSW UZ-N31 852350 762000 5 00 185 9 180 0
USW UZ-N32 £§2850 763050 6CC 190 180.0
USW UZ-N35 562350 | 76220 i 500 100 0 100 0
Total Number 26 ol Footage 256470 | |
Large Plot Rantat Study (ILPRS hote duptr rom Tade 331 2ot YWMP USGS SP 831023 Exh ACSUMAT 10 e Y 2k prowmily 10 USW UZ 6 Cocramnatus gwen are

LPRS clustiar has ten holes
“Each Small Pist Rantall Study 1SERS clyster has *sur heis 3

ST ard U2 hole Jgapths (UNIRGR DMhar AlGes Notmd: Afe AMSU™e T &g 10 1 J00I0 10 the
Vialuea oF the 20020 10 11 30un2aN-f 230 & e aer feom SY|

QE3LN A 1aNe plus 300 N
SALNIA gyt Prrocuct 258

XN

Al POl deefi2? 5 e 22 3N200 1 1D e Niee Yreel?

tar USW 2 5

*Ciece Lrowmty 2 US\Y U2 T
'1,_‘)»‘ sor UE ¢ ": MR e pE 222
URaS S 3120

vy

Wi 303 20 YD

Q2 A rom T,

Tt gt TARW G R0 ) 1 0M wnitng mote 20 ST

<30t narh a1 souLt Bt USW U2

W aton

15 USW U2 A any o»-oum-«: usSw




Table A-5

Borehole Construction Information
Proposed Boreholes Outside of Potential Repository Boundary and

Within Restricted Area

i R BOthO;~
Coordinates Proposed | Proposed Total
- Diameter Depth Footage

i Borehole 1D East North (i) () v (1 -Nom -

LPRS 1 550300 | 751400 6 00 350 | 3500 o
I LPRS 3 550000 | 757200 6.00 350 | 3500 a
| LPRS 5 565300 | 765500 6 00 350 3500 | a
i LPAS 7 560150 755550 6 00 350 3500 a
! LPRS 8 562300 | 770450 6 00 350 | 35001 a
| LPRS 9 557950 | 765500 600 350 | 3500 &
| LPRS 10 557950 | 765750 6 00 350 3500 | &
| LPRS 11 565320 | 76301 6 00 350 3500 | .
l LPRS 12 | 565233 | 762048 6 00 350 3500 | &
L LPRS 13 i 565173 | 762613 6 00 350 3500 a
i LPRS 14 556600 | 760150 6 00 350 3500 a
i NRG 2 569000 | 765800 6 00 2100 2100
| NRG 3 568195 | 766380 6 00 4750 4750
I NRC 4 566900 | 766830 6 00 7350 7350
i NRG 5 564700 | 767850 6 00 1.0000 | 1.0000
}’ NRG 6 561187 | 776726 6 00 11000 { 1.1000
i SPRS 1 559300 | 751400 6 00 50 200 b
!, SPRS § i 550000 | 757200 500 50 200! b
1 SPRS 6 | 55767 765700 | 600 50 200, b
i sPRS 9 | 565300 | 765500 |  6.00 50 200 b
i SPRS 10 565173 | 762613 6 00 50 200 b
| SPRS 11 564250 | 760550 6 00 50 200| b
| sPRs 15 560150 | 755550 6 00 50 200| b
| spRs 15 562300 | 770450 6 00 50 200] b
| SPRS 17 556600 | 760150 6 00 50 200] b
| sPRS 18 556400 | 760000 6 00 50 200] b
| sPRs 19 557950 | 765500 6.00 5.0 200 b
| spRs 20 556250 | 759350 6 00 50 200{ b
fsenszi { seowo | 7ssi20 | e00 | so | 200 b
Bodor 10 tootrater at end of tabl.
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Borehole
Coordinates Proposed Proposed Total
- Diameter Depth Footage
Borehole ID East North (in.) n (ft) Notes
SPRS 22 565320 763091 6.00 50 200 b
SPRS 23 565233 762048 6 00 50 200 b
SAG ! 566483 756691 600 1500 1500
SRG 2 565096 756778 600 3250 3250
SRG 3 563580 757100 600 2500 2500 i
5RG 4 561258 757562 6 00 6000 6000
STC #1 NA NA 12 25 3.0000 30000 ¢
i 5TC 82 NA MA 12 25 3.0000 3.0000 c
STC #3 NA NA 700 3.0000 3.0000 c
STC #4 NA NA 7.00 3.0000 3.0000 c
UE-25 PH#1 569300 766000 375 600 6150 d
UE 25 Fias 581695 766450 12 25 5000 5000
LE 25 Fr#a2 579975 756065 1225 5000 5000 ,
UE 25 UZ#4A 556139 768710 12 25 1.8600 1.860 0 o !
UE-25 UZ2#5A 566135 768591 1225 1.860 0 1.8600 e, ‘
UE 25 UZ#9 564750 760600 12.25 1.920 0 19200 o
UE-25 UZ#0A 564800 760600 1225 1.9200 1.9200 e
UE-25 UZ#98 564850 760600 1225 1.9100 19100 e
UE 25 UZ#10 561123 750139 1225 2.3800 23800 o
UE 25 UZ# 11 555800 757400 1225 2.1400 21400 e
UE-25 UZ#12 556055 757400 1225 21400 21400 e
USW UZ-13A 558489 751953 1225 1.7000 1,700 0 Q
UE 25 UZ#14 560220 771275 12 25 1.7000 1,700 0 e
UsSw SD t 563370 768220 1225 2.100.0 2.100.0 e
Usw SD-7 561060 758605 12.25 . 23300 2,330.0 e
usw So 8 564010 761415 1225 20000 20000 e
UE 25 SD#9 564625 761160 12.25 1.990.0 1.990.0 e
USW SD~10_MH 563.6_1_(1_‘ 760681 1225 205_92 2.0500 e
fotor 1o footnotes ol end of 1able

Table A-5 (ContinueJ)

Borehole Construction Information
Proposed Boreholes Outside of Potential Repository Boundary and

Within Restricted Area

too=rs
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Table A-5 (Continuea)

Hotehole Construction Information
Proposed Boreholes Outside of Potential Repository Boundary and
Within Restricted Area

toreholpe
Ot e Proposed | Proposed Total
; - Dwameter Depth Footage
AT U N SO R LN Ay
| 0670 12 25 20000 | 20000} o«
! 769030 s 19700 | 19700
P edron 800 30000 | 0000
; 755070 600 120 0 1200
THH200 600 1200 1200
755300 600 1200 120 0
7554 600 1200 120.0
755200 6 00 60 0 600
7H8300 500 600 60 0
762283 1225 18700 | 18700 o
76947 12.25 1.8800 | 18800] o
700086 | 1225 20100 | ~0100] e
771275 12.25 1.990.0 | 1.9900| e
TT06622 1225 | 18800 { 18800 e
ek Ot FoOlAge 5981004

T Iunln depthfrom Tabde 01 2 ol YMP USGS-5P8.3 1.2.2 3. Each LPRS cluster has ten holes

fon !

st ot flhant M ady (5RS) claster has four holes.

wonthern Pracer Comples St 15100 howes are to be located southeast of the potential tepository

tata b
Cadodte

Dalicat Study chuster s s hioles -

apprasinately At 4t iang tor i total of 615 1t of boreholn
SEEaned U Lol depths qunless olherwise noted) are assumed equal to the depth to the groundwatter

Labibe pues 300 0 W Bente deptte, are assumed equal to the depth to the groundwater table plus 100 ft

live holes approximately 60 ft deep. and one slanted hole

Sabre ol the dbtane oo the groundwiter Wbl are Liken from SNL CALMA system, Produect 288 Al

[ ) l_ln‘||||i'.
Vi
ol |!,<'vH| nl e,

are g bed o the nearest 10 1 depth
e ey B docated A9 1 narth or sonth of the indisated coordinagtes
VLIS LA g esbimatedd based on propoased depth of other UZ holes

A6




Bowlmh l[) :

FIANTY
FIAN 2
FIAN 3
RYIXK
VAN 5

LEMNG
CFMNGT
YIRS
CFMNY
RN 10
RIS |

HIE 25 FlAg3
HSW G S

TUSW G

t

USWG?T?
USWGS8
USW UZ N30
USW WT 19
usSw WT.20
USsSW WT.22
Vo

v

V3

Vo4

[ #
\IJ

Tm.ll Numtwf

s .:“'s'

Yy

Bomhole
~ Coordmatos | DoPosRd | PRROSd | e penge
East North (in) )] (n) Notrs
i TUNA [ NA 625 330 ] 330 a
i NA NA 625 330 330 a
PONA NA 625 330 330 a
I NA MA 625 330 330 a
NA NA 625 330 330 a
NA NA 625 330 330 a
NA NA 625 330 330| a
i NA NA 625 330 330 a
NA NA 625 33.0 330 a
| NA NA 625 330 330 a
L NA NA 625 1.0000 1.000 0 b
572300 710445 12 25 5000 500 0
563008 781930 398 50000 | 50000
548922 778722 398 5.0000 | 50000
566090 724586 398 50000 | 5.0000
NA NA 12.25 1.6000 1.600 0 c
514500 756500 6 00 1250 1250
' 589975 747980 12.25 1.100 0 1,100 0
! 565145 728300 12.25 1.000 0 1.000 0
| 528373 778858 12.25 1.300 0 1.300 0
518000 729600 ‘625 1.0000 1.000 0
572900 £83450 6.25 1,000 0 1.000 0
567848 658100 625 1.000.0 1.000.0
569502 654056 625 1,000.0 . 1,000 0
NA | NA 625 1.000 0 1.000.0 d
T Totai Foolage 26,9550

Table A-6
Borehole Construction Information

Proposed Boreholes Outside of Restricted Area Boundary

B

TN holes are pant of the Forty-Mile Wash Recharge Study  The location coordinates ot each has not
yet been determined  but alt FMN »+'es will be located in Forty Mile Wash,
YISS 1as part of the In Situ Stress Lwdy  The hole will be located either on Little Skull Mountain ot the
Stnped Hills

The focalion coordinates for Geologic hole G-8 are nol yet known,

rony Mile Wash near the main road to Yucca Mountain
"The location coordmates tor valcame hole V-5 are not yet known but aro anticipated 1o be outside the
Hestncted Atea Boundary

A-17

The hole’s approximate location s




Table A-7
Borehole Deviations'Existing Boreholes Within Potential Repository

e

Nl-v

T2 Borenci i Total : Bonzm Rorenols Soazx Angutar
Cooramnaes b Sepn Zocrtanates Deviatsn 1 Dwvaton
Locasen Sorenoie 1D Sast i Nomh 3.3 i fas P Nomm 't -1 |
uswuzz | 558328 | TSeTH 1337 I 558337 75673 '3 0
, USWHS 552509 TH5ES34 2000 588375 | TSR509 117 i 06
w‘:;';;‘f:::"’"' USWH 2 553911 51533 300 56387 ' 751859 3 i 05
USW WT.2 551924 i 760651 2050 ] 561872 | TH050) 93 2
UswaGe 563032 765807 3003 552888 | T6588T 2559 49
UE-25WT 312 573757 756715 *150 578752 755718 23 02
UE 25 WT 25 57425C 76182% 1330 Ta253 751833 P 03
UE 25C #2 569534 756849 200 569650 756852 66 03
usw wi .7 §53891 755570 1610 553893 755553 168 06
UE-25 W7 218 562855 771167 2042 561847 771152 173 0S
USwW wt 10 553302 748771 1413 553255 748767 178 07
UE-25 WT 215 570395 774420 1710 570389 778382 228 08
UE-25 WT #14 575210 761651 1210 575185 761641 271 12
UE.25C =3 569555 755910 3000 569557 756879 1 06
USW WT 11 558377 739070 1445 558391 739041 24 13
UE-25C =1 569589 757095 3000 559703 757122 370 07
Withsn Restncted UE-25 WT 812 567011 739726 1308 5559833 739694 396 17
Boundary UE 25 W7 115 579806 66117 1360 579766 766110 406 17
UE-25 W7 23 573334 745995 1142 573314 745971 472 24
USWHSE 552075 763299 4002 y 554023 753300 524 08
USW WT 1 563739 753941 16589 563722 753850 532 18
UE-25 WT 26 554524 780575 1257 554552 780621 533 25
UE-25 WT a4 562040 768512 1580 567992 768473 613 22
UE-25 WT 217 566212 748420 1453 566180 748364 612 25
USWH.3 558452 756542 4000 55R371 756569 819 12
USWH-1 562383 770254 5000 552298 770219 %9 09
UE 25P 21 571435 7565171 5920 | 571392 756069 1025 10
UE.25A =1 555350 764500 2501 556228 764829 141 3 32
UE 288 566115 765243 2002 566057 755151 323 27 !
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All new UZ holes

Table A-8

Correlation Between Borehole Conditions and
Where Condition is Encountered

Location

Condition

WT holes 1.4 6 7. 1010 19. UE-25 a#6;

. UE-25 a#7T UE-25 a#7 USW GU-3 G-2

Removal of 2.875-inch outside diameter tubing
{OD) (or other size) with 12-ft screen; free
standing.

WTholes 1 5 6.7, 1010 19; UE-25 a#4, a45s,
asb UE.27 bt UE-25 c#1. c#2, c#3, UE-25
p#tt USW G 1 GA-1. GU-3. G-2. G-4: USW
H1UHMH3I HS HS USWUZ-1, USW UZ6

Steel casing grouted in at surtace.

{ WT holes 4 5. 6. 10 10 19. UE-25 c#1. c#2

(mcluding a 4 tt hole at 940 1t). c#3. UE-25 p#1:
USWG 1 GA L GUIZ G2 G4 USW H-1,
Hd4 H5 HEH USWUZ-1, UZ-6

Eroded zones and sloughing holes

WT hole 18. UE-25 a#1, ar4, a#5. a#7. UE-25
hat USW G 1. GA-1. GU-3. G-2. G 4. USW
H1 H5 HE

Lost circulation.

UE-25 a#1 UE-25 WT#6 USW G-1, USW
GA 1. USW GU 3. USW UZ-6s: USW UZ.7

Uncemented steel casing in deeper holes.

HNeutron hoes

Uncemented steel casing in shallow neution
holes. 20 to 120 ft in depth.

UE-25 a#6, UE-25 b#1. UE-25 c#1. USW G-1,
LISWH- 1 USW UZ-6

Cement on wall, typically neat cement plus 2
percent CaCl,. Cement was placed and then
dnlled out.

UE-25 a#7 UE 25 RF#10. RF-11, RF-9

PVC pipe grouted at the surface.

UE 25141

Perorated casing « J.ented

USW H:3. USW H .4, USW_H-S. H-6. USW G-4

Pertorated casing uncemented.

UE-25 b#1, UE- 25 c#1, c#2. c#3; UE-25 p#1.
1JSW H-1, H-3, H4. H5 H 6, USW UZ-6; USW
G4

Steel casing spot-grouted at the bottormn or along
selected areas over the langth of the casing.

USW GU-3 (nerd to review all logs for this

Water intlows.

Veortical Seisimic Protile (VSP) holes

VSP holes dealing with the removal of the
seismometers.

Instruments in the UZ holes.

All wells o varying degrees

Deviations in the surtace and the at-depth
coordinates.

A-19 AL
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Table A-9

Specific Conditions Encountered in Existing Boreholes

UE 25 WT#5

Uf LS a#d

P
i g 25 po

'y us_ 2_5_wma i

' UJE 25 a#4

Location Condition J'z
o Electrical tool lost below 200 ____.!
Bowen overshot. crossover sub. and Bowen ,i

bumper sub left at 1036 ft with top at 1018 {t. i

addnional junk below 1036 #t "“”“‘—‘12;

19.5 tt ot HO drilt rod and 13 tt ot HQ core l

barrel and core bit left in hole from 1264 .5 (o "
1297 1, and U S Geological Survey (USGS) :;
flind probe stuck in hole at 2495 1 :

e

Seven piezometers (0 25 in outside diameter ’,’

{OD) plastic tubing) sand and bantonte above
and below the end of the tubing; upper portion
of the tubing (0 to 113 5 1) tilled with sand. i
bentonite qel and dry Cal-Seal cemant, from ,
397 to 113 7 tt Cal Seal cement; battom of the  {
hole 397 to 500 #t predommantly sand and small i
amount ol bvnronm' gel iy

_—

4
K|

1 9.0 OD tubing with bottom plugged‘ landed |
at 1355 f .
1.9 inches OD open ended tubing landed at &
1371 1 i
Two 0.125 x 3 x 18 10 caliper arms lost in I
hole at about 3934 ft.
- Float shoe, float collar. wo metal petal
baskets. upper-stage collar, lower-stage

|
! USW H-4
|
!
i

, UQ\NG
i

USW UZ 1

1.9 in. OD tubing set at 1725 ft

TAM packer on 2.875 in OD tubing set at
3876 # with bottom of slotted and bull-nosed
tubing at 3896 ft.

Plug in hole (1160 to 1362 ft) comprised neat

|
|
collar; baker line liner hanger. i
i
!
i
cement plus 2 percent calcium chloride. '

2.375 in. OD fiberglass tubing 1213.4 it to
surface: stemmed to surface with layers of i
bentonte. 12 to 16 mesh sand. and silica !
tiour.

Junk in hole cemented into the bottom of the
holn 1221 to 1270 ft {globe basket and
crossover sub)

USW G-3

Source on NAIL tool lost in first hole between
1247 and 1250 ¢t

986 tt ot 35 in drill pipe and drilling
assembly lett in hole with top of junk at

1362 1. i

- A e Bt et 4 e B L " - —— i = % % b TS o o o & e 4

——
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Table A-9 (Com:r.u ')

Specitic Conditions Encountered in Existing Borcholes

Uik 25 cal

U 25 uy

YT R

ULV

HGW MG,

VE 25 i
USW Gt
l.lSW-G -3
LS GU .1
UE 25 U2t
USW HZ NT76
1JE 25 UZad

l m;mon

s e e e e oo

r mum;on

Cnmulm pump 2t n hote at ""1‘ 41 et
hine 2t 2365 R, et able ey plan 2t ol
24851 '
Cacker uy hohe wath conter gt 2367 G 1 Gt v
hrwy &l .'.:10 9 ll

A pezamatoeg 200200 O ey st
Jolm 0N LCLRen enda are steaiitied et
Clursto ool aned Comentt s e e pediig.
of the hole 2207 10 5851 11

- NCQ 1ads groated an bale toren G180 10 5070
e

D/n.n (mll deean 2hatt andd 1225 m Lt e ot
hole: it 4'3 H

RPIDY SRS P G —— e . - . .

- Puacker st al Nh' N an ": 500 ttiingg
bottom of packer anqumnbily boll plagep o s
cucntation sub beloes ebynent

- Open 1910 montor ine landed at 1750 1

P

TAM packer at 3.9° 35 tton 2 87

2 137116 10 bt and subs total lengthy 3 05 Y
depth unknown

e i ——— s - e = -

iy bt

Com tnrml .'md M (I J ﬂ Imm t)nlun '16'. n

244:\ _pipe vaench budy in hohe

an' ¢ sample tulie

| Casing drive shoe below casng
One St point of S5 casing and 2 3 N G
shon downhiola (top m ha n a "’H m
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Table A-10

Casing Thicknesses of the Existing Boreholes at the Upper Sealing Location
PTn/TSw1 Contact

floeler 10 1OOINOLS 3T eerud OF LAl

PTn TSw1 Casng Casingy Borenole
PTnTSw? Contact Thickness | Diametar ¢OD) Drameter Diametir 3
Contact Depth Emvaton at Contact at Contact at Contact Thichness
Borehole ID 1] i o) on ) o) Rauo Remarks
UE 25a 56 2476 38053 a a £5 Uncasad at proposkd seal location
uUswGa 2463 39206 0352 9625 1225 27 344 Miwrum 1 30 gap tetasen casing ang onginal
hole wail
USW H .4 2545 38420 0495 16 000 20 32323 Hole gouble cased at this depth And outer €asng
tshown here} 15 cemented at propossd saal
locaton
‘ 320 3778 s 0100 10 750 1375 26875 Hole only smghke cased at this depth. Mmmum
2 0 n gap betwaaun casing and onginal hole watl
USW H-5 569 6 42812 0350 10 750 1475 30 713 Mitmum 2 0 1n gap betwisan casing and ongnyl
hole wall
usSw uzZ 62 5851 43399 a a 175 Uncased at proposed seal location
USW UZ 6s {assuma 609)° | tassume 4330° b b b Borehole doss not reach contact
USW WT.2 2665 4003 2 a a 875 Uncased at proposed seal locabon
UE 25a =1 4221 35120 c 2375 3s’s Minimum 0 75 1n gap betwewn casing and
ongnal hole walt
. 277 36571 ¢ 2375 3875 Mimmum 0 75 in gap betwaen casing and
onginal hole wall
UE 254 54 3168 37839 a a 6125 Hole uncased but grouted around pwe2ometmrs
UE 25a #5 2773 3792 a a 6125 Uncased at proposed seal location
UE 25a »7 2842 37204 k] a 5% Uncased at proposed swal jocation 2 375 wn OD
Hydnl tubing 1 hole at seal location
UE 25b »1 2680 36590 0 455 16 000 185 3233 Hole doubles cassd al this depth. and outer casing
tshown here) 18 cemented at proposed <eal
locanon
1
. 320 36190 0352 9625 1225 27341 | Mol only snghe cased At this depth mmmum i
1310 Qap batween Cajing and Snginat hoie aall i
usw Gy 925 40%6 1 0 250 EENN 6 28 o 000 Atimum 0 57 a0 Gap betaeen ARG ana !
| i SOgInAL Dot waait !

-
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Table A-10 {Continuad)

Casing Thicknesses of the Existing Boreholes at the Upper Sealing Location
(PTn:TSw1 Contact)

PTn TSwt Casmg Casing Bore-hoie
PTn TSw1 Contact Thicaness | Diamastar (OD) Otimeter Dumeter 10
Contact Deph Ewvason at Contact at Contact at Contact Theaness
Berehole 1D t ") i ey un ) Rato Semarks
USW H 1 3324 39920 0338 15 000 20 35538 HOiw oL @ CaSed A7 i< Jepth ANy Quler CAJINY
: (ShOWN L) 1S Comentmd al proposed <eal

locaton

* 385 3889 1 0352 9625 1325 27 333 Hole only single casad at 2us Gepth minimum
1 8.0 qap Detaewn Casing and anginal hole wall

USW H 3 4507 43157 0400 10 750 1475 5378 Minwmum 2 010 gap detwesn Casing and ongnat
hole wall

uUswuzt d o a a 17s Hole afternately Stemmed and groutsd At probable
seal locaton

uswuzz b b a a 8 Hole uncased and preswuntly only 207 T deep
Future plans call for hole 10 be Oeepened
considwrably

UE 25¢ =1 {<368)° 13341 0438 16 000 23 35 530 Hole double cased at s depth and outer casing
{shown here) 5 cemented trom 362 N to surtace

‘ 1368 10 1250y | (3331 10 2449)° 0350 10 750 1475 30 71y Hole sngle cased within this depth range,
miumum 2 01n gap between casing and ongnal
hole wall

UE 25¢ 82 {<320)" >3394)7 0495 16 000 24 32323 Hole double cased at this depth, and outer casing
(shown hera) 15 cemanted trom 320 N to surtice

* {320 to0 1365)° | (3394 10 2349y’ 0350 16 750 1475 30 718 Hola single cased within this depth rangss

Q 9

minimum 2 010 gap betwesn Casng and ongnal
hole wait

UE 25¢ #3 (<315 (»3399)* 0195 16 000 24 32323 Hole double cased at ttus depth, and outkt asing
{shown here) 15 cementad trom 315 1t to surtacs

. {31510 1323y | (339910 2391)° | 0350 10 750 1475 30 718 Hole single cased within this depth range
miumum 2 010 3ap between casing and ongin.
holes wall

UE 25p =t (<341y7 (<3214)° 0438 15 000 22 36 530 Hole double cased at this depth and outer casing
{shown here) 15 cementad trom 326 11 10 Surtace

- (341 10 14877 | (3314 10 2168y’ 0350 10 T 1475 30 T4 Holes single cated witun this dufh ranges
minmum 26N gap betwesr casng and orgunal
hotee wall

(21 S PR AN I HU SN IS, Ts LR ACTA
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Table A-10 ;Continuec:

Casing Thicknesses of the Existing Boreholes at the Upper Sealing Location

(PTn/TSw1 Contact)

PInTSw: i Casing ] BarenOie '
! PTn 754" Ceanac Diametsr (OO | Diamater i
i .ontaet Deptn Ekevaton at Contast i i Sontat i :
| Borenole 1D it i an ) § Ty i [eemyrng :
L] o
f =l - - - ‘I
| UE25 WT 3 a e a 5°7% Hoie 3 T30 A3 Gnoakesd oM oeptt 013 0 it
i el — i
| i :
’ UE 25 WT 3 d o] a : §78 $Dle 3 T8 AN LNCaKesd OM 3t 2T A0 W
! ' 15830 n !
! e 3
{UE 25 WT 5 o] 2 i a 375 HOim & TS ANS urLaned oM om0 301 !
| X ! WK !
) ' !
{ GE25WT6E 122537 {>4061+? 7825 387 Casng not cemented minimum 1 in Qap E
betwi-an caszing ang ongnal hole wat
° =251)° 1<4051;° a 578 ! HOle 6 750 and uncazsd trom o=pih ot 25 to
1125
JE 25 WT-12 d d a 378 i Hol 3 75 11 And uncased trom ot 9t 70 10
j1303n
UE 25 WT13 (<2247 (>3162/" 10 750 178 | Casng comuntud rom 22 1 aepthio wtace |
t]
. (>224° (<2182)° a 378 Hate 8 *5 10 and uncased tram g-pth 0! 224 1o
1180 1
UE-25 WT-14 d d a 375 Hole 8 75 1 and uncased trom oepth of 125 to
H 1310 &
UE 25 WT.15 d g a 875 rote 3 75.n and uncased trom depth ot 130 10
! 1350 1 d
- i - ) i
UE 25 WT-1é a d a é7s ' Hoie 8 TS o0 ANG UnZakexd HOm depiin ot 107 1 ]
HERATeE §
JE 25 WT17 d d a 878 ’ Hole 8 TR ARG UnCAed M Oept o S5 1o '
| IREEXR
i -
UE 25 WT-18 d a a i 2 | $0le B T30 ANY unzased 10m gepts a° 3+ 10
H ! Pagea :
T X ' N : X T - Cemmemem e e e
‘ usSw GA 1138 (:-5039'1 H 3500 : e : (RS TN V9T I ST [ H TT A P IR P | PICANY!
! i . H SN WA
; — ; : . : T e e
f cetagn | -+ 503%.° H g 3ga” ; R L I B R T
@“.__ ... o rm e m et + m— e el cm e v o mn et o i em e e e e & et m e —— - . .
PO SV TP IOTES SO VL IO




Table A-10
Casing Thicknesses of the Existing Boreholes at the Upper Sealing Location

(PTn TSw1 Contact)

Semanes
S T N i S L B R
=T WAl
MAmuT T 3en 2an Telasen Ising 3T 1020
eI 1N

Al
“h

Mamem 23 ST DSelASn 2A%Ir AND It

TRt wan

© M0 thanzes 826 at 3

s
<
.88~ zap cetwest 233

=3la sharaes &2 At 338 e, mam, T

P 20NN SA0 DETASHN A3 AT ONI TV Rl & i

l: - e N - -
: i STaTsat ) Tasez las
1 2T TS pELE boTrsheess D ametes
v i Zantan Dag Sevaten o2 Zomar A loena
i Borenste D ST - : = : -
ais - - H '
LUSW G2 ' 732 1332 ¢ 933 =3z
I H ; .
e a g : as -a ; - <
¥ LSW G2 ' -3 228 ! 27 . €32
£ ! : !
b t i
5 ASWGU3 I assume 337 7 22lE¢ ¢ 527 . i
. : :
oo s ! ) ans s - ' ~z~
i USWhS : 332 . 323z 2 0 3ass . 2
g i i :
t: . 1
K H 212 ' aae ' ~ ez o=
X ! 335 . 33325 ! 350 ' ol
} H v
N ] N .
: ;
USW WY ¢ b} 8 a i a

Sin anz unzases oM dept 20 33 8

usy ezt g

Q@
»
1]

[ .
375 { Hole 37510 and uncased from gepth 2153 :

1510 h It

o, s - : t
CUSWWIL0 g d a a &78 . j Hola 375 ancunzases romdepinzfttse:
! i 123 % :
¢ i A
' } '
i USW WT-11 d d a i a g Hota 8 75+ anz uncased from dept 3% 45 1s '
san b i
| : - '

Borahole nct cased at this contast
*Borahola doas no! reach contas
*Qarehola cased with HQ dnll steai
“Siavanon not dresty avalable

Sapatiar 10 1001N0ILS a2 w2 € tabie




l):-\v'

Table A-11
Casing Thicknesses of the Existing Boreholes at the Repository Horizon

I

Y

Reter 1S 1C0INOLHS aT wetvd 21 LaDIe

Y Y-S

, - , !
Appronmate Approumate Caring Casing Hode Casmng s
Repository Repository Thehness | Dameter {OD) Drametenr Diameter 10 i
| Dapth Elevaton at Contact at Cosant at Contact Thicane—ss
Borehote 10 i3] th ) on, o Kano Remane
UE 25a »5 a a a a a Sorehaie g0ws NCL reath Repoiloty —onIon
USW G 4 1030 § 3136 3 0352 9625 12 25 27 314 Minimum 1310 gap Detwewn casng and cogina |
hole walt
USW H 3 9803 362 0 400 10 750 1475 26875 Minimum 2 311 gap Detwesn CASiNg AN Onginal
hoks wll
USW HS 14732 3776 03s0 10 750 14778 30713 Minimum 2 0 i gap tetws=sn casng and ongnnl
holke wall
uswuzs 12712 36538 b b 175 Borehola not cased at repostory honzon
USW UZ 6s a a a a A Borehole does not reach repository honzon
USW WT 2 944 4 33253 b b 875 Boret.ole not cased at repository honzon
UE 25a 5 a a a a a Borehole doss not 1each repos:tory honzon
UE 25a »7 a a a a a Borehole does not reach repository honzon
UE 25b =1 c c 0352 9625 1225 2734 Mintmum 1 310 gap betwesn casing and onginal
hole wall
usw G- (<1016)° (>3333)° 0 250 4 500 625 18 000 Hole cased 1o depth ot 1316 1 minmum 0 8 i
gp between casing and ongmal hoke wall
- {>1016)° (<3333)° b b 3875 Hole uncased bulow 1016 1t
USW H 1 c c 0352 9525 1325 27 344 Minimum 1 810 gap Tetwenn casing and ongnal
hote wall
USWH3J c c 04 1075 1475 26875 Minimum 2010 gap betwesn casmg and ongnat
hole wall
USW UZ 1 ¢ c b b 175 Holes alternately Stemmed and aroutss at
probable cenl focancn
uswuz; | A a b t Hole unCoasend arug preesentty anly J0T 1T Gisegs

Fatisres §an S 100 Bohe 12 Dee Jocoefinntom?

SONGHIeer

b e e et i e .




Table A-11 (Continueci

Casing Thicknesses of the Existing Boreholes at the Repository Horizon

ApDr0Lmate Approamate Casing Casing Hole Casing ’
Repository Rupcsitory Thabness Ouameter (0D Dameter Cumeter
Depth Ehevayon ar Contact at Contact at Contact Thachne=s
Borendle 10 (y (L] L any oy ine Rato Feanarks
UE 25a »5 a a a a a Borehctes Jows NOL re it h Repositon, Horson
UE 25c % (<1260)° 1>233%° 0250 " TS0 14°5 30"l Mimmem 2 00 gap Petwenn Casing and orginal
hole wall
- {1260 to 13551 | {2349 10 2344)° 0357 | 10 750 1378 30 T Casing annulus cementid trom 150 3 1355 1
. (1365 10 1215)° | 12344 to 2194y b b 1475 Hote uncased below 1355 3t
- {>1515)° {(<2194)° b ) 987s Borehole not case 1
UE 25¢ #2 1320 to 1365)° 13394 10 2349)° 0350 10 750 1475 30 M8 Hole singlis Cased within s Jepth ange
memum 2 0 gap belwesn casing and ongnal
holes wall
2 . {1365 to 1520)° | (2349 to 2194F° ) b 1475 Hole uncased below 1365 1t
rs
~ . {1520 to 3000)° {2184 10 714)° b b 9875 Botehols not cased
UE 25¢ #3 (315 10 1323)° {3399 to 2391)° 0350 10 750 1475 30 s Hole single cased withn this depth range
mwumum 2 0 1n gap between casing and onginal
hola wall
. (1323 to0 1368)° {2391 10 2346)° b b 1475 Hole ceomuntsd below casing. then draked out to
987510 OD
. (1368 10 1520)° | (2346 1o 2154)° b b 1475 Mole uncased below 1365 It
. {1520 10 30001° 12194 10 713)° b b 93’5 Borenole not cased
UE.25p #1 (341 10 1487)° {3314 to 2163)° G 350 10 750 1375 30714 Hole singles cased within thus depth ranqe
mimmum 2 01n gap Detiveen Casng ana Snainal
hole wait
- (1487 1o 1564\° {2168 to 2091} o 350 10 750 1475 30 713 Holes odutde cased at this depth and outer
c.asmg 1shown hers) 1§ semented trom 1917 1o
1590 &
- {1563 10 4210+ (209° 1o -5551 0’3 82 3875 23247 Hoiss wonte- ¢ 186 withn s depth i ge.
Mmem | 1N Q3 belaeen Zhsing and O
hole 437 E

P4 feet 10 120INSIR O end of 1ALk

i
]
e .- ... .. -~}




Table A-11 (Cornnued)
Casing Thicknesses ot the Existing Boreholes at the Repository Horizon

" e — oo depr it SA ~Aly-prrpRrry ..._.--q'E
Apprcumati Approomate Casng Casing QT : Casng ¢ 3
Repository Repos.to0y Thichness Diameteer (SO C iAmMeter i Dumelns ;
Depth Ewyaton st Contwt at Contct at Contact | Thchress R
Borsholis 1D ] ) eny N} Ny i Rano { [0 RTINS )
— X . R
UE 252 5 a a a A a f Borahoie 3%ws NCH fedu Rufosinn Boniin .
= ¢ — e -<.
UE25WT 3 c < b b 375 I Mole 375 .0 and uncased from oepth 21 4T 10
o H
. ey
UE 25 WT & < < b ] 378 Hoie 8 TS 0 ang uniaseg rom 3epth ot N3 1 i
1580 n :
1
UE25WT S < < b b 875 role § 5.0 ang utcasss ram gepth et 20 10 !
13301t
UE25WT 6 {>251° (<206 11° L) b 875 bcls § TS i ang uncased ttom oecth of 251
! 1257 n :
UE 25 WT-12 c [4 b b 875 - ~ole 3 75 .n and uncased om 3epth ot 70 o l
> 1308 1
1_a
- Tug2:WIr >228)° (<3182 b b 375 Hols 8 75 tn and uncasad trom gepth ot 103 1o
i 160 N
UE 25 WT-14 c c b b 875 Hote 8 75 10 ana uncased rom wpth ¢t 126 to
1310 n
UE 25 WT 15 6115 29410 ] b 275 Hole 3 75 10 and un:as=l ram gepth ¢t 130 to
’ 1330 n
UE 25 WT 15 c < b [ 375 Hole B 75 i ARG LAZASKY TCm -t th of 100 1)
170
! UE 25 WT 17 c ¢ b b 87 $Hole 3 T8 0 ana uncase) PO Saptn O 55 10
1353 n
ot e e e ]
UE 25 WT 18 c c b b 475 ~Gie 3 75N ANT LNCASHA 13N 3epth D' 23 1D
2043 f
USwW GA 1t 1~148)° 1< 503%° L t Jas? HEin 3A3T i ap T uncased trom 115 0 841 {
—— ——— - —— e mm—— e et s e we - N
usSw Gz 18313 3878 b ] 375 B Y A I N R
| RN SN KO SRR L S !

o

: Reeloet 10 1010015 O i3 OF Lialhe
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Table A-11 (Conunuza:
Casing Thicknesses of the Existing Boreholes at the Repository Horizon

" : P v : Py ; gt A oty O e g gy ey iMoo g S
4 Aczesemale ) Szeoemate  Saseg | Casng | mae 0 Zaewg :
:‘! Sl 3sCry Rt 0ty R s TS Y JJE 8 ' Cumreter 1I00) ] Camel.r . CeTieter 0 : 'l
h ! Term . £levancn ParCornat b atlortakt oMt lortad L TroRness ‘
Y Borehoie !D i " : T it ' 0 n. it . S arer
:? R 1 f " = TSTOALTOEST. ST TS .U LILIIICT CLSEESILT I SSSIsoTe Tmioueeyl
4 LUE 253 55 a ' a i a ] a i a § D0t e J0eed 0 e 110 ReDOTIINT, HINISN
H] ! i a= ) N o . : T
,: usSw G2 < ! < ; 3275 ! 5 500 l &’s ' 203N Do ez om 2600 1 1 tut e g
4 . : . Sieltgie=d W 11T rerum Y S o ogap !
! ; 1 ; C Teleest AN TG NS OF 3iNA1 S0 A :
— - - e :
'l UsSWw Gu 3 3138y (»371 2 Q278 5 50C 5% : AN ) I N L R K T O S i TS S Eats IR SUTTE, K B
:1 N ! L POl AN !
a1 : : 1 ' T
i 11134y <33 ) ] b KR ! D oeadie 3337 0 arQuniased rom 1032310 18s n
)
A 1
i USWHE < < 042) 13 750 1475 23 38% Aamom 2040 gap Detacwen 2aa.rg andanpng !
‘ PO WA l
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Table A-12
Casing Thicknesses of the Existing Boreholes at the Lower Sealing Location
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Fletes 10 1001N01S i1l #nA Of Lable

Casng Dameter | Dameter Damete |
TSa3 CHn1 TSw3 CHn) Thichness at at 10 i
Contact Depmn Contact Elev at Contact | Contact | Contact | Thinness !
Borahole 1D tty L n) (in) 1y Ratwo Remarks K
UE-25a #6 E a a a a Bote-nole dows not reach contas
‘JSWG 4 1350 4 28155 0352 5 625 122 27 344 AMiimum 1310 gap belwessn Casing and ONgna neks wall
USWHA4 1219 2877 0 400 10 750 T137S 26875 Minmum 2 0.in gap between casing and ongnay hoks wail
USWHS 1656 4 3154 4 0350 10 750 1975 30714 Miwmum 20 1n gap between casing and ongnal hole wall
uswuzse 14583 33667 b b 175 Betehote uncased at contact
USW UZ 6s a a a a a Borehote does not reach contact B
USW WT.-2 11948 749 b b 878 Boreholw not cased at contac?
UE 25a #1 1461 1 23730 . 2375 298 Minumum 0 31n  gap between steel and oryginal hole wall
° 1317 26171 °* 2375 298 Mimmum 03 1n gap between stsed and ongmal hole wall
UE 25a 84 a a a a a Borehoie Joes not reach contact :
UE 25a #5 a a a a a Borehole does not reach contact
UE 25a »7 a a a a a Borehole does not reach contact
UE 25b #1 1330 26090 02352 9625 1225 27 344 Mimmum 1 3 1n gap between casing and onginal noke wall
USW G 1 1342 4 3006 2 b b 3875 Hole uncased below 1016 1t
USWH 1 14119 28625 0352 9625 1325 27 334 Mimmum 1 8:n gap between casing and onginal hole wall
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- (1520 10 3000)° | (2194 to T14)° b b 4675 Borehole not cased T
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° 11323 10 13684~ | 42391 0 25y b b | 127 3({)? CorMetitead totow CaRing thets bl D0 10 e “
a0 i
d‘T"' - (1363 10 15207 | 12346 to 2194 t v u R ," T 1'.' Y N "
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Table A-12 (Conunuza:
Casing Thicknesses of the Existing Borenoles at the Lower Sealing Location
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APPENDIX B

STRATIGRAPHIC AND DRILLING LOGS
FOR SELECTED BOREHOLES
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GENERALIZED DRILLER'S LOG

(From Fenix and Scisson, 1987¢)
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GENERALIZED DRILLER'S LOG

{From Fenix ong Scisson, 1987¢)
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GENERALIZED DRILLER'S LOG

(From fenix ond Scisson, $386c)
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GENERALIZED DRILLER'S LOG

(Feom Fenir ano Scizson, *385:)

- [ y T :::;‘
CEMENTING AND CASING INFORMATION ' f 3 feearpe egIhP S e e
- A L L e memmmd A e RS I
[.' Ree,iLg »3% gementen, — }r ’ e ’ i] —_——L n
- i HE R V¢ AR
: R T ! '/{ :///
o s At i '/// 7
Cosar S 4 77/

Tet @t VD

- mmen e

i, Rorwos cementeg won 55 Y g0 S Tes Gepsum
1

A
NN

\B\ \. \\
ANNNN

A

.

Coment tenm 125 ¢ ep g vtnce .
- ’
'/‘// ’,///
A
S A . i 7
3 f
PR e %
. . . e //
. - 7.7 U
FYs-picare o s L
Lodigate pipe ol S e
Tet g V0 M0 * ol
— .0 / .
: i e ///
P e ie’d (o a’s e
R e V..l
—_— — D& .
. s
. 1 .
i : :
-~ 1 .
. ) !
\ :
. :
'
.
v
I. N .
. 1 '
. '
. .
i P '
c;/ ; | . '
:/_:’l ' | . H
L ' .
Ve . !
VA . .
. ' N
. e, ;
Pon 4l 0y ¢ . H
~ .-t ile.sad ' . )
, .
- « ' ' .
: ' [} ! 1
. i ' ' LY
P ; '
! . i .
+ ! B
. : . 1
. $ X
: ;
]
an - -



. t ST B

UE-25a # 5 ‘
GENERALIZED STRATIGRAPHIC LOG

(Vozitied from Spermgier ong Rasemscu~, 1332)

I 24T}
HOLL INF ORMA TION {rt}
ALLUVIUW {2 %3 920 )
1
v e o e e e i .
A CANYIN viwsiz
. . o AgneTiye it
: - flerta'y ae tpry, seytel o (9-‘: S
',:I ; ln)
’ ) R R a e e - No*-=eiZaz 'C 227 'y weTes, vorz
i ) {*282 +5 *32.4 »)
Tht & - B e s e e 8 o .. eeiaae el . e s eerie e s o ———— e e r-mins
. N YUSTA MOUMN'A'N WEVALR
B o + Agn=Fide T, witric {1386 1c 167.0 11} ]
[ . 1 + Badurc/ewirand Asn-F3i Ty, '
157 ¢ pmesem— madergtely indueated, vitric {1620 10 18%.3 "):
ee— .
Sa—— H
Wy ). O . . e e con - ————— e
. v PAM CaNvON wivaiw ;
. ' c Asn=fisw Tufl, ror-weiged, vitrig, orglilic .
. . cre fr 0% *nacec Bate (1253 12 2236 *)
R H * Becdea/Rewsraes Asr-fa1t 10, taan'e,
) { tniek ~baddad, veie {2296 ta 237.1 1)
Dl cem— ;
I“ : N - Smem wpc a-e.es e w e ¢ S cme e & man et AP e ee o
. e Y ! T I0POPAN SPRING VEUGLR
T o ras n ' 1 « Agn=Flyw Tyt* .
i ‘ © Nom-weldec, witein, (237 % 10 2683 C ) 5
i H ) = Naa-welges '0 mocerd'ely welted, vteic, -
re . . frionie (268.0 to 277.0 ) <
ey Toec 3 =~  Us~tely welced, vit*on~yre (277.C ‘o -
A * ; 279 0 ) -
. . = Densely welced, ceviteified, some vapor >
' . orcse crystctuzation {279C 15 4870 ) b
' . 3
. .
. .
. .
. .
' ‘ ;
. . .
. .
. .
t
(LN} -_ W ep Lt g 4RGN . .
.
- : . . . < ..




s e 2ae a

CEMENTING AND CASING INFORMATION
30 eyl cemented wite B0 113 of meqy —:v-w" Slus |
A f‘.n".:, ara 13% s9ra fram 29 11 1o surfces.

i -
..
. . ‘
Set o* 29 *
C Ameutut tamaatad witn 603 111 50 gt cement
o :"C'J feom 127 10 tg surig-e,
. . -
LX e se .
sl .
[P LN :
el ot 126 1t :
<
| NP DR
: . \‘
+ \'
. NN
R - - »

Arngiug cemectag w s Y ) a0 age sement
[ \'nﬁl Yro~> JEJC 1 0 1532

Set o0 2603 1

GENERALIZED DRILLER'S LOG

(From Fenix cnd Scisson, 1987¢)

’;-_-'".n ..:'-’
)] av TR
o So et Tev2om-83E2 5 &
. — 3 ° -
29 s A ¢ N \:l...." 36 2
HalP "’§\ \\'_' il
———— & 8 LY
3 '
—_ —_— e e -
1
1
!
i
i
.
.
. ALY
. saa
AU I ’ o
M :
et ¢ i
— -—
40te az



USW H-3

e e e ————— e e = e ——— 6.0t o o

HOLE INFORMATION

\'“ LIV

Y

T =g
ALY

sy e lg

PR

ety
"

‘e

et fenmn 2404

GENERALIZED STRATIGRAPHIC LOG

(voatisd ‘rom Trorgsescr of cl, 198¢)

yIess it

NP
N
. e e e e e e e e e e o . .
T UIVA CANYON Vo vBLR
] < Asm-blpe Tyt
. - Deasely welzed, aeviteiteg (0 0 350 ¢)
: - Portialy wedes %2 ~om weized, vitric {330 °o
1 392 1°)
[:4 -—-—( :cict")/h--'oll I’u", n":: ond noh'.na,") (392 o
ae? -t
e . - e e e .
; IGPNPAN SPRING urunra
f o Agh.sine 140! -
. : = Parvigly ‘o nan-weided, orjihe (404 ‘o 442 00) %
el P v eeene - Devsely wolzed, deviteiling {442 10 470 1) -
, N - Madera'ay we'ded. vopo- zhose 2
. crys'o heation (470 15 SBC 1) S
' ! -  Vodsro'sy ‘o de~sely weidec, grets fed &
' (882 o 128C t+) <
s = Dec~sely we'mc2, devteitied {shgety olteced) H
. . {°030 13 193¢ 1) s
LR s H - Dentely wel2ed veraphyce {1°04 0 1252 1Y)
. . - Modesntey to prtolly we'ced. witeg (1252
. ¢ o 1380 )
T 4 © Ayr-Flow Tut(?), no~~-wedea(®) (1382 15 3592 )
ol )
e Smmmanus 14 atious 9L0% OF Taricd wa.$ i ‘gt
et —— Bar Fioe Tut(2), vee (9392 13 caB? 4) dF.
vnca Fass v(var:
: » Agh-Fipoa T, 0
. - Nercwe Z0C. % g 2evr el (%427 o
? e e—e—— 1794 1)
N ‘ = NoA-we 003 % £OG'ly we deC, Tevi*si’eg
N a=g 10~e v0L0” Dease Crystalgtio~ (1734
c. - . ‘o 1710 4}
ML '—j - Narcwe'ted te pa-tnily we dar, 203" sa~
Loer \ ('7!0 ta 1900 )
AN
nom--/h-. .-s(') .m. Fectiiradl®) (190F ‘o 'oor u)
DULL"Ov V[UOtl
H s Agnellpe T,
I - Partioly we'des, 2eci*s0d(%) ana oegite
Y . (*9C7 *2 194D o)
. .- Paristy weiGes, vopo* 5%Gse cove'alirstion
‘e, : {*94C 12 20C0 ¢)
¢ —e—— Dessely welzad, devitsitieg (2200 to 2323 19} =
l\ - Snncea'tden te retally warnae, fdavitel’ ag 2
' RN (HH 13 Jaan o) '_'
Se3d0: /)loo"lo: Ly -Tau 7-“. 100 n"ud.") \?“9 ': b
AT 4 -
' taav viediw ) -
o Aqr Fige 00 -
N3s meged ‘¢ £ONSY wo del, Fes'rif 0 3
S {2427 ¢3 2990 )
v : Sl - Doty weges, Zevrleg {1532 10 2930 41}
= Pa~ig'y ¢p mp2 :ov”) -ococ. siga
L3 RIS ) e-plic e=a zeo'*e{") (289 ¢ 33°C “{
vl : ~  w2gecgtey we'ded, reczee’?) zng
Vicdeal?) (8310 o 3tcp e
- Para'y esdes 2evtrteg (5008 ¢ 3040 0
. . - Nor-weged 't LoDl we Ce2, Aevin’eg
1 l,_ . tss essebnog ,s“o '. slse R )
= Psmaoy we ez, pecivell) gez acgiry(?)
ls“' (3] !&'ﬁ 4-)
. e
oy —_ Nostes/Roeicnnt “u't, gou 1 u/7) 1132% ¢ MNP )
Ase lne 'u1t 24t a1, ae'ned, 102 t¢'%) aca ) B4
ergiis.?) (JH' o 2333 W, £
¥ -
] -
[l)
: 'x .
* =

194080201 68 «Og

HTY




CFMENTING AND CASING INFORMATlON

- eees e —— - > =4
- e - e et rm s -8

I3

A Amng us cemented witn 126 " o' ZrpsLm™ cement

nD'- J) e op ‘uo‘cﬂ. :
A I i
vt ol 6ph » :
PRIt Y |
PVl -pioste side !
Sat ¢* 57 1

'-{ ol tementee fipe :5 ‘o ‘37 !l with 2.; T !
seat tamart pus 2% Loll, in oczer 1o tiobiize :
*ne. ten rilea out '
.
. - e eew o emnd
i
1
!
;
H}
¢
. i !
~ : i
- .~ T e e s e i
. '
: .
1
cee S0y = e mmemee .,\, :
: AN |
. i 1
e // \\\: |
: FA NN ;
e - ’ » '
4 “ .

. - - - - - - A

\

N

-

. .

.

' .

.- - - U Y 0%

'

(10U ‘33 ¢,

-T2 )

GENERALIZED DRILLER'S LOG

(From Fenin 0mg Scizson, 1986¢)

Tooar fevatona4a L0 o

25 in
N :Q' ’/,f
N NS
Y AN ’
e

g

-

l,)
Y
NN

778
. P

~

,

"

,

— o a—
N ~
., *~
.
L 5
~ ~
N I
LT —— A ;.
t e
— —-———f, D .
'
H
'
]
; .
! !
+
'
.
!
. \
: !
?‘_l,-.....-... ——— lem -
.
i)
i :
-—.’ . " -
' J— Ly
.
P '
i
|
!
{ ;
i .
i .
: H
f :
: |
t 1
H .
]
! H
'
' [
. ¢
1
: H
+ .
ki - .
e - p%er ¢’
: .- .



UE-25a =6 coos e
GENERALIZED STRATIGRAPHIC LOG

{wzcitied from Spengler cne Roserncum, 1980)

' HOLL INFORMATION 3,"",')"
ALLUVIUM (D to 20.G 1)
' . -
. i Tiva CANYON WIuDCR '
. i o Agme Fiow T-.0¢ .
; - Densely we'dez, devitoities 120.0 0 82.0 19)
' - MocCerz‘sly weiged, Zeviteliag (80.0 fto ;
; . a3 s 1) i :
: 2 = Dergely weice2, cevitriliez (B83.9 o | :
! ' 103.0 1) H H
as . cee -4 = Pariglly 1o meoerntely welded, .
ay s eI gevitelied 19050 ¢ 1231 ) ‘
: . =  Nor~-wel2e2 0 D2°UC!y we €Ol witriC :
. : . (123 15 2422 ) i :
ERR] Syt * Becde/Reworvas Tul’, poorty X ;
' ' cn~solidated, moderctely argiliic (144.2 fo ! i
i " T 149.5 !t) i |
' : 1 i
:.‘ . ‘ :
1 - —. e e e e e e
! § YUCCA WOUNIAM WEUHLP |
s o ‘ e Agn=Flow Tuff, Prom-welidng, vitee (*49 3 to !
T — $69.3 11) ! :
e * Rezaad/Pawareed Asn-Fall Tyutl, ! .
Thw @ unconsolidstee to poorly ccnsolicated, vitrie . .
: AN (169.3 10 188 2 11) ,
: 1A - e ——— . e
! Smmmm— Pk CANYON MFUR(R . !
D— s Agn-flow Tut!, aje-walced, vitec (T188.2 1o
e L 7008 M) "8
’ h ¢ Bengea/Remaruer 1,1, unzo~solicared, . e
e ivic (2018 % 227.0 1) po-
e, Ceem i I
) t I0P3PAN SPANG VEMBLE R
: o Aghe=Flaw T 1! . E
. ' - Non-welged, vilric, some argillic (227.0 -
: ‘o 237.6 ') p o< !
' X = Non~welded 'o partially we ded, vitric a
. (237.6 10 2417 1) :
: . = Densely welted, vitroahyra [241.7 1o } !
i : 246.C 1) i i
: i = Derseis weided, deviriled (246.0 ‘o by
: . $0a.C 1v) ;
. !
3 v
. :
¢ H
. i
. +
. )




P )

s T3}
CEMENTING AND CASING INFORMATION . ‘ LR S (U TR Ae e DAL
P S S .. R
AreL Lt tamnnteg &t 95 1Y ot Cyz-Sen gyprum ! 0 IR Dy - .
L Lol BN N & I LA WA 31 ) : /// ?/ 22
i s " Do -
o " H 4 /
- ; ) /
. o , % v
PeC p'athc poe e Ly
Set a* 154 ¢ s ) } 9
- T 4// /A i
: w - ; :
. '
eI
Y ,
. //
s
LS
l'll’/
/:;'/
s a
L !
X
FISURUNENII |- cs
— —— .
P R LA M O B T L L 2 LI B <

GENERALIZED DRILLER'S LOG

(From Feniy gnd Scisson, 198%¢c)




: PR AR
..

UE-25a *7

GENERALIZED STRATIGRAPHIC LOG

{voa.tiea from Spengler ang WRosansoum. 1980)
-

' DEFIN
: HOLEL INFORMATION (r?)
’ . - - . - EERy - . . N - . . - ;
TR e gt t DY e ALLUVIUV (0 to 153.0 11)
A Q0 e
(NCIT. STRATIGRAPHY DNLY AVANARLE fROW B 10 ' .
' 500 f1) !
T S YRR O LR B :',‘,: : “‘
T R R U S IRl . _' BN
[ M . .
! 1 TIVA ZANYCN W usiR .
ta ‘ o Agh-fiaow T, M0 .
e " - Cersey weided, aevirteag (15030 ‘o
I — B0.1 1)
o P - Modera'ely we ded, devitntied (*69.1 to
Y 155 M)
- o = Partaly welgag 9 noa-we'dad, oitric
A s (1735 10 190.3 1Y)
e | | + Jedzedq/Rewarked luff, 1'»?Mly indurated,
e p ‘.\ rrgill.’r‘ ('Q:‘,n W 1Q4 2 1y
:_': o - . ..
1 YUCCA WOLNTAIN WIMBIR .
o + Asr-Flow Tull, ron-weiced, vitric (194.2 1o ' .
o 212.9 1) ) !
D ¢ degzen/WHeworkea lutt, medscately
o nducoted, 1nick bedaded, vitric (212.9 ‘o
3 220.2 )
" 2aM CANYON WEMBIR
- * Ash-Flow Tult, mon-weided, vitric, slightly
. Do ceghtic (22C.2 10 265 A )
R M * 3e0zes/Aaworknd Tult, stigntly indurated,
- . ot 200°ly sorted, glig=tly argiltic {28658 1o
B ML AR VA RPN A I

272,27 )

10#0VAM SPV NG M vHLR
o Agk lige [ 00
= Nom-weges, virc, (272.7 ‘o 292.6 1)
\Nor ~we de= 1o particlly we'ded. witrig

(297.6 to 304.5 )
lienany aslded, vieoptyrs (304 % 19
Nao )
Canvey weolded, Orvt- teg (3O80 10
323.0 1)
Vodesdtely 10 centely we'ded,
devitrifled, some vapcr phoue
covstanreton (8233 o 478 8 1)
De~ssly wa cez, Qeviteitisd, some vapor
phcte crystalizgtio= {4788 v 3500 1)

PAINTBRLSH TUFP




t e sme———

CEMINTING AND CASING INFORMATION |

:
Aonuut nemanteg wits 305 01 41 magt cament !
ey 2% Zalt g 39 91 fo quringe ‘

. -

I
. 28 %
Cn e
.« - tu "
N -
- b AN

1 )
et o' M4 0y
[TARTLIN
Aoy s rorepntag o tn £35 ¢ o! aect cement
e 2% lefiy trom~ 512 9 10 Vh2 1,

o b A

N A S
P LA A .
et ot 292 10 i
. < e e e emmesemen w4
i
!
)
1
H
1

Lmmut 3860° Crmenteg wtn 100 102 ot mem
ceememt pouy 5T Lal, tenem 1703 00 te *543 N,

B I b I
Sy RS2 a
RPL e I Y

—————)

GENERALIZED DRILLER'S LOG
{(From Feaiv and Scisson, '586«)
aav =L
> S avitER
Qurtace ezt 3383 0
Oy —_— 2
A9 =TT sl Hoeasas K
- R l—— b P ~
L e ameem ! i )
292 e e - " i e, & m
332 ; . i
2118 —~ -4 ' 1
H +
! f
N ]
: :
]
' i
i .
t
’ !
. 1
} :
— f—t s -
i :
! !
* ;
' :
! 1
L}
LT 5 P - gore
$2; 74
R 7 i
3758 e e mm i.‘(..'. g..'u'
! i
] )
— l—— g -
' i
i :
! {
” H !
P e —~
—— -0 -

Z2e % . . .

i ;
1

! !
'

; )
! i
' :
[} .
' :
H H
‘ 1
! ]
¢

' |
: :

|

P RIPUI S Y



cC
ot
N
0
c
-

GENERALIZED STRATIGRAPHIC LOG

(From tet~ayer o0 o1, *983)

HOLE INFORMATION iy

LAVVUM (S v 15C )
Tiva TANTCN JTuRlR
o Agrofga 2,10
=  Coavelp ws-con {53 %0 2'1 ")

- Parteily va 29 ae ted, etz {210 e Jal )

] e = - ————. o ae e « o ema e e e e Cee .
: . lu- cANTON wiviLe “
: h o Agr el pe LM, soncwe Jad, ¢tic {240 to 260 ) <
S R, ot e wae. < ameean & &
SO A e : : ! Bedced/lemarved "L, wtric 3nc Jeetritad, 228 in pumite .
—ntay 070 09 o 3 © 11260 to us n) . ;
e e memrtpd e em VAN : : '3"‘"5- ""W u[“’.;-‘---_ ST mTrETEEm T mmeme s v s 0 a
0 mte TI30 e g , . Anh:' ae ‘Lt 2
cement &8 00 . . ‘. Nasdaly salrnt oteapagra 22Y tg A0 o) s
24 ex 0t Lu, tean . M - Cevtaly meaiced, das? 283 v0 *29% ) o
e Tem AL, atems 120 Y oo ' : : u. 'lv' - .cm. :'ll",'n' 4 ')1)"0 '.SICF".] A
e mnt b 0wl ge Hgretaye N ! ‘;:; t".‘o'v 0 po=.ciy waitee, etee {1335 *
-3? M : e eam. B I T T — -
: : ¢ '0!!0’/31-9'1'4 . " arecee [*350 0 134
: ! A . Lo .
. . ,'.' * fll’.‘ A e} 14 g
Wt o e ama b osems e g : Bt ( ..S“'i(.‘_s‘iw:fa\. .i...l.iﬂ.ﬂ. ran tree {1398 1q
Soqem PP 0y 0 20% : B 184 )
. o Bearces Am=Tan " 00 2084C o 449 o)

Nca ’ASa wivB(2?
Agr=f g0 1,00

. eem mrcaten o .
A ‘e : - N3P coe 101 ' 91%¢ ¢ ws Tel, Jen hger [°88)
) " th AR )
I8Ny pertoentes ‘eam 1544 -~  Porraity o moderately weided, Jevits hec (1276
TRLY ¥ I to 2043 1)
- Fartatly maiced 'n anncoacel. dents fag,

sugety 3egite {1043 v 202 )

- Nys=wwelZed, Coete . Im™e wv33Q® phCle.
O"* Ay e3¢ ey v e 3299 M)

- l,-wgb. eeace? sertrife3 {2295 ‘9 2°28

"t iy Ced e . ey 2e? g2
wsilas 13038 s 2
- Paclalty ta mydaraisly esidetl Teevie hac,

micerctely 1o Nghly gilicited 392 reotred
3092 1o 223C ')

- Pactaily waicad, dactnl aq (313 ta 2208 )
- Nor~ma'3ed, des hritiad, 2eoitizagd (23275 %o
J358 1} .

B ....--l e = emaem o

et /qur-cd/la-mbnﬂ *» fan * et t'er, sama bengy v
St "——-——( ted/2e0 iped {2196 o 2381 o¢) *
* e Aihad e - \ - SEems s e - A e timemoes sl guem @S e Sem - . -rm PRy .
H ' Rl ireas wrvara -
. . o Agnel 9 [ M -
~r . e -  Portoily wece3, deetat 03 [J16Y op 2399 o) y
o ! 22 =  Portnly eedel v330° prove (2349 o 2880 ey
N H o AanaFau(?) et anstally aaliea() {3383 o 234 Y T
i 1 o Ashel oa Byt A
.. . : - Vaderotaly weidge:, Jevhiefiec (3398 %0 2283 1)
” - '; . Parinlly esalded 1h man-waited, =no-fa'3lay
) —— uo'i'vc. slq'\‘lv graitic {2°83 to 2833 M)
e et e e meeeatas e e ve e ot e maea e a e o e
ey o - e- :\hanos/h-o'nd '4". resht rea (.HSJ 3 2883 M)

0aw d'U‘(D
o agneol ga T, 00

TN - Nir meifad ' prrtay wared, sea be {2RAY 1o’
c . 2948 ) .
beer Lot iremecad =  Portally ee.cel destrvt o9 {2948 3742 )
. . - aee 0 dea. Tourtc’ ax gt '
: . arertred sheTes TIs. o3 281" .
) . . Fartaty ‘o modecalely esrded, Jevit her, tame
. teaitigec gag g e (3242 %0 33D )
. .
' !"w"/’ Sreef "Lt w3cecyey '3 Rpey ir3.03%ed,
. 4L ELR RS LYY D)
RS Ty e T
A4s 1 aa "1 mivgreige a0 A Aastrf a4 vy e
f 1ng ger t e V4] g 4,32 )

9408020168-0OF)




GENERALIZED DRILLER'S LOG

(Frem Fenix ond Scisson, 1987e)

e e e eI R3] Dy
] o
tee . Y
CEMENTING AND CASING INFORMATION | (%) Sootace Loeyatam 2328 & 1t DAy iR
: R L . 9 s -
. ‘ LTS et ey T 23 =
A, RraLlus zemanted wth 50 1+ of rmgl cament ! 2 ﬁ\\\\ \\\\\ 17 & =
plus 3% (.nf.l' feam 27 1t to surface. ‘ ‘b\% ‘\& oo
i 280 e emmam AN N B NN P LR
AT S | i l
e 9. ' '
S 1
Set ot 27 1t : — b 6 2
. 4 !
i, AnaLius wa=anted o th 305 1) of mest zeamaent I ! !
pout 3% .'.n(,l‘ trom 280 It to surloce, 1 |
vontag . b2 ..
AR T 7 R vae ! !
Tooop gt . ' e ) i
. R LA | —_ — 3 B .-
' Ser a0 283 N ; i |
S b
‘. Amsutus ro! camentag, i , '
L ; ;
ORI A (T i . H
eSS S L S | ' H
P [ 1 . :
Set ot 290 N . R
o
Annytus nn* comentod ; !
.45 - ! : |
< & - ) ,
P ! ; :
Set 3 1016 N i ' .
".- ) i
| o
1 ‘ : .
i . :
! ! i
P : i
: $ f !
ey ' I ; 1
4 ] | i H
s e . ;
AN ‘ .
AN (S ; X ]
- - H H
! . l I
.o ¢ i i
' H
: ' i
: ,
| ; |
! ; . ,
! ! i
. H
. H .
' : l
X i
H !
' 1
S I '« JE S R

D




oL b I ¥ A

JSW G-1 Alan s
GENERALIZED STRATIGRAPHIC LOG

{vodified f-om Spenger of ol., 1981)

) HOLE INFORMATION

. Y R e e e e et e mm e e o e+ e g
ol Alu.vuu (o' Io 6:)" ) 5 ,
W, R e R SEL R
20 vuLta voum- v.vau !
-,,: e Agr=F ga LIt | H
(4] = Bacatly we'ced, wepir 3h3te trystalfiracion .
{BOL 1o ASD M) ' .
- Norewe ded, vitre (850 %o 10C 0D M) . .
o Agddea/Rewaebed “uff, poorly consolicoted, vitig H
. o (‘3"0 ‘e '350 ,...)--..-..._.- Y ,
%0 e encigement of 235 i z BAN CANTON WIWHLR Ps
Lo : L N AenzTel Tult, nonzweiged, vitrie (7350 1o 235C M) [ 2 |
1 E tin'a carmeatag tegm RS g . T1 O 1D%LPAN SPEANC WIWBCR .
CUYY 1 mem 150 Y o0 .. . A.h-l’o' “utt &
seement  Dement (rivesr ot L No= -weldec, sitelc {2380 *o 273C "; 2
wr H2 ! rerneioing a0 ,:"‘; 4 ce ! - Oensely wo'ded, v'r-p?z't 21¢. 02 ';SB,S)D () " 3
AT ‘ot e, . = §T.e L - Jdersely weided, vieic 80.C to 2% 1 N
w . Yre o mele fo afontire R ERRES - Denealy waidted, navitv-fiar (7978 ta 12870 1) & |
. 1ost cleculation gt 1382 .‘3‘ g '-—-" — - Danasly walded, viraphyrs J1287.C to 1342 4 1) i
T4%9 o ~  Modesolely weided, vire (13424 1o 13665 1) '
. .ot =~  Perigly weided ‘o =0~ ~weldez, vitsic {13805 10 '
TR 13943 1) ( : i
I . | Nom -weigec, Gevibities (1394 3 v0 14039 N '
- . A . %ddm/h-:'nc u" eltelc ('ICS! to 14255 ") . .
) o\ T rIreaceoUs ACOS OF CALILE wi..b i :
A ¢ Agh=Foe Tuif, rar-welted 2 perioiy eelded, 2o
VI covirri? 0d ana 2e0? pee (*423.9 o *738.8 %) ¥4
3.8y ——— \ o Sedard/Fewsrkag Ash-Eatt tutt (1,0%02e0.9 2%
il R Sandstone), reor2ed fo sitic’t'ec {°736.4 o *BCLS -

1) '

-
i

e emcimni a ime meirmes mbesa o ees @ it cem aeB e oae -

...

L PROW PASS wIvDIR i
Q3er o '.." o Asnellaw 1.4 prrialy to maderntaly weldec, i .
,:;,‘, ﬂ‘ devitrifiad, some vecpdr phase crystoilizaion, some ' :
1t pu=ize witsiz 18215 to 2152C ¢) : .
. l H « Bedded/Fewaraec Ash-fcit Tufl ttutfoceous ! :
PR Su'c:‘c-? reolt rec, shgrty aeg.itle (2992 C ‘o
- | 21750 e
var ¢ . wmureoc wrwets .
' o Mgt ofoe 1. Narcaeidec % P3OV we Sed
- . Cevivritod, s2me 3°3iPic (24732 0 28317.4 ) :
. + Ba33e3/Pewcrend 1.%1, mocesn'ey ‘mriurcled -
i oy {2317.4 4= 23179 1) -
. Lo o Aerelinw T 0
i o = Pariclly we ded, vapor phess cretto Fretiza N
] (23179 150 2442C 1) ) - .
= Vodeo'ely ‘D Co<sely ae'ded, deael' ea (24470 ! o |
to 2547, 1) -
- vodwately o zarialy weidec, devinties (25471 ' <
te $83°.6 1) )
g \ . !o::o /'o- ce0c T '253' ‘o 2659 4 ) :
U taaw weveea i
« Ar=Flam Tytt i
. - Pactaly ta maternlaly se'der, feriten (7630 & .
. o ‘0 332330 1) | .
. i ~  WNon-we'dec¢ fo particlly weded, 290 ¢ ond i :
i ogic (32830 to 3322.0 1) !
s ‘. » Bedzez/Reworaea Aan-fan Tyt cag * igceous 4
i S3ndstzne, mode-a’ely Inducated (352..0 to 353272
'.‘. "}
. et i e see i meieamee - o .
: XD Brecea {Tu't, 3reccie, one Love Flaws} (33382 0
T L 13 B
e . T
: L I T o =
. < TAueiiloe 1uts, 3073ty wecec, een inc_cgted, i<
argitic o=d Jeslte (39458 ¢ £9237 ) = e
o Be3ze2, 700000z Agr-Tg. °, 0 wmappenieyy - 8
L -t Tedueaces (4030 7 %0 48en 7 ) o
I o e e IR RO e el et e eme s
“w o
-
ser~ficm pae Bodzed TuM [U-gvices) 5
° o Lot 2 04040 ) v SYVILC 0 ¢
- e v A (A0 C e Q488 2 '-5 a
o Lae £ 84382 65 #3202 ) bt
. 5
a2




GENERALIZED DRILLER'S LOG

(From Terix cne Scissaon~, 19874)

O S S S, S5 ot
(‘CMCNTING AND CASING INFORMATION ! e LRGITER
: L Izmiianes 4 . Surlcze [levctio~=-2098.5 ¢
“t gan . va 388 003 =X . T 3 2 n
Anelily zemecte aie 205 013 of cect cement pis | kM 7z //._ or 2 -
2% Lzl feem 55 00 1o B 00 ged 36 13 of | 18 R
ez ~w.e fegem @ 0s 0 g 000 § T v /
Sooso3% 325 .- S to-
1Loe 29 258 n Fob, e oo A vé
.' * S 378 .~ — . [ AN
Set ¢0 35 0 J | i ' -
. .,,A-nul.,\ carmantac wi's 720 '5 o! =eo! camant pius g l
I frl‘= fram 31K f0 ta 3 & 1t : :
] ] i
R A s B
sosorsooiLo- ) !
Te ¢ 2 4995 . i '
Set at 31§y ' i
— e - i ;
|
| ;
]
. ; !
ll ‘
i :
' .
i e e e mrme m——. — ! :
: { ! !
¢ AmeLiuy cementee it 10D 'S ot mgst cement blus 156~ - ! '
% lels fro~ 1RSD 1t 15 aprrosimctely 1799 1. i 1635 ——r s 1Y, a3
STz s . R ; i
T 598 - ; : :
- . [ S ; i l
Set ¢t B39 1t ' ! !
e e ; ; T
: i I
i ! '
: - 1
: oe o | *
cinT : | !
-~ M [
w ST ]
NS SN (SO ! ‘
BV // ! J !
i SR N ]
2 :/ | b
v, o i i
R /22, '. ! 3
IS i ‘ , : !
X : ' ; !
] ' i
: ' i
: . 1
: 1 '
| ; | !
: ' ! !
: i
- ‘.- SR,




USW H-4

HOL S

IHEORMATION

A PR S S S

€} ~* aw 310 4 sewern rrures
Ty e tE g e e e e
RLlaal LI LR BT - 1

~

 rnn

2 e peciarntert team
[T £ ol 1]

A Cretae s tsemtas amte

P - She e
sz 1 14t e

G "ty envmaye
LY a ': "

oy oo

cacy
P T
armaat 3

ze
KRR LY TR P 2 S

*a e em e

WM ST dares ae 0PRSS - 0D
S A B RSP
S astyee a0 g st%e g e N

_lp In e

Fa el tLr s g

- tg

A

]

[ ]

GENERALIZED STRATIGRAPHIC LOG

{vonit'eg feam w-tag ot 31, 334

N e e e
¢ Tiva (‘A\"DN utv.:f?
: o damalftine Tyt
- Sescsscaces - D-asq:’ we'2ed, Sewteles (3 g 124 ")
e o \- « Pzriglly '0 rORcaerices, witric (!74 ‘0o 232

———

-

\Be cea/Jewnreed 04,

| R SR Pl TS

1QV50AN
o Agn=$taw LYY

SHENG Wwlu3tR

Non-maidad, etnie (14 v
Paetly ‘0 moteca’aly welded,
52 1)

Cergely warted, Cevitritez 1292 v5 252 )

\agerglely waiden, vIDIT pnOse
Srystettizztion {388 13 376 1)
Congen werzed, mevieetps 375 oo

224 1)
wtnie {224 to

v-": (232 'o 2’4 ')

teay 'n)

e Brze

;J

- Racke,
-  Parti, weitted,

e 8.0 . oo s 2 s 0et s s s.me.0.8 o sbnin asa

o Agr~fige Tu*? nronr
Qevitelliac cnd 290

. Becaes/Temorara totl, a2 Gog ze0.t7e3
’
R R S
+ PRQW PASS wiIVSER
3 o Agr<Flow "t
i - Non=walce2, ragl'iz {1627 to ‘B4l t1)
! -~ Pasly weldes, mevirifieg (*545 ta 1955 1)
A | - Party welteq, peotitic nnag sitictfing (1999 tn
R ¢ 2243 11)
=~ Pgry weiel, 200'%; and vitee {2042 ‘0
:\6! u)

\l
a.'A

. 9'_,"."°OC vivsia
. o Ry =T ga Ty
: - Fpetty me'sed,
sreteerees - Pacty welges,
; (:465 0 2500

TSRS ‘o 2642

' \Feca»a/%-u'.en I.N
. ttav wiVvREQ
. s Asr<Tiow Tuff .
e - g
. : 3230 14)
' .
. . - Pary welasn,
. ]
]

e fe“c-a/?'oo'.rd .
U""‘. 33(':( '.,"

o 438 )

“ NO~R=meltes (0-1:.’5'9)

Yh”AC[OUS RIDS OF CALICO N'LLS

o Age o7 S '.H anee

21297 10 '25C )

walr, 2

~weldad ‘o parily we ced,

itizec {18512 10 15785 1)

Seeiteit o3 (2279 o=
vreo' onCte Copsto nzstion
"

4

L) S

- s e hm e e mt——® -———

toatite (JV12 1o 3788 )

$ ety vitrarayee "'Pb o127 )

{88 e 22y

J458 1)

= Maderate 1o Censely welcec {2500 ‘o 2585 ")
- Nnn--ntmm to partly welted, ceverified

- P3ely wa'zaz, cevicrit ez (2654 15 2390 1)
- Voderclsly weigec, tevitrif ez (2990 ‘o

~  Partty welded, coviteif o3 (3230 1o 1342 11)

sente g ’3 88 5 3“'9 y

Zevetpg (Y219

eiteie {1280 0 1812 ),

gc.m.! ea (2644 0 2864 n)

i

w

g gee

B

.
-

oy,

R —



L e,

- - e——y

' CEMENTING AND CASING INFORMATION

- 2o
pws 2% To%,

s, Aany us cemented wah Q2 1Y ol apg' semenmt |
tigrmm 38 ¢ 05 g ,elg%e

. N .
Se* z¢ 36 (e

-3

1

L YA !
P es .
kP -

ok

",

s te 1liad w0 ARG 00 nt aa3t rament pluy 2%
G0, ptus "UX szng ‘ecem 1235 fo YIAD o

Hole filled wt™ 1425 01
&% Ca%lt, fra= °382 ‘o

Aregut Covertod wah 100 Y g0
plut 2% CnCi, **om 2AG0C %0 2459

e el
2 ® tiey

Y

.

R |

o’ nent cemen! plus ;
",

!

4

cre tmcm aea

o' co~eont
t* {ea tuii:'od).-

1

S LI .
: & 853 &
Ly .
[APALY B ‘
4

!

N

,

.

t

N

H

s

. -

GENERALIZED DRILLER'S LOG

(From Fenix ond Scisson, 1987e)

0Enh
4
)
J
w S TIT
H
!
,
f
1
]
]
i
b %1 -
Part T -
1%e ——
Pyaa o

[

Su-fgee Elevat'on-4836.3 11
ety L LA

17 9 sa

-— R e

-4 2

Hola Ride'roeed
(casea %o surfzce)

' 1
1
_.' HET B L
. !
; |
i
] .
H
o S
N
e @ N
— : D am——3 a1 .
! ,
i L
l '
i i
' :
t
1 .
H .
t !
i
i .
: !
1 .
o
i !
! !
} i
! !
i
[}

2
14
3
[<d
[£4
26
28



JSW G-3

"HOLE INFORWATION

GaLrre an KAY 1ori lagt ety
Poie talanen AT mg 1200 f°

GRE ' g0 35 ia zedt pipa ge2
Cobeg atuemb s el s eprg
wte nn ' L ae gt 1482 10

Lot setyeng logem 2218 g 2231
1" .' Frg? aglp prs tegm 22%

G Q28D e qarat Pole

venig & I e itrmaeter neteese
i8530 ar9 2608 %

I"q
GENERALIZED STRATIGRAPHIC LOG
(veditiec from Scott 3ng Costelinnoe, 1984)
L]
D.vtH <
()
' . A CANVD\ VIVBIR
. I P-t&o: '.'"l to dens olze -v ¢ Lad  snena
. - rnte ange wol2 2avie {4
Jas o ¢ vapor phats Crystailivoron (O 1o S44 D)
Y - tntey welzed, viiropryre (344

M:do'nul to
] a9

— "
T k\ - Madorohls weded to ron--oldoc. vitric (348

. .
\ 80047%/50-0-03 Agk -Falt Yu" poorly hdu'o‘od (374 s

roPch SPANG vzva
As'« =Flow "1t
Noa-welzed ¢35 moz rnh, --I-od po-tialy
vitric, "f" phase (4?4 ]
- Vaderolely to unuy -ﬂ-vd
%:u {430 o 1182 1)
- entaly welced, vitropsyse (1187 0 1289 "')
- u-‘\:‘l;'?l)nly In pacinily walael, vitdde (1269 fo
J
e o= Noa-weized, wiric (1309 to 14D 11)
e2ded Ath-rcll ‘uif, moderaely ta very poorly indurgled
1406 to 1413 1
u-uC(a.S " 0 wals
Asn-Fiow Tult, mor-we ded, vt (ll'.! to 1307 1)

Uoc';l:cd' ek Tl Tull, ﬂada-o‘oly io poo"y ‘ndureles TI5L7
"

"lvn ¢t {red, vador

0w Pash »iwkie
. Asa-flow Tutt
- Nin-we ded, witric (1560 to 1598
- Nan-we ded to f folly we dcd Cavitelfied 1o
:»-r--¥ viirie (1538 15 13992

Sedded Tull, ngd.'-hy “nduialed (1087 1o 22

BULL- =oc viuprR
As~<Fflow Tutf
=  Paortiglly welded, vit*le, 20me partia
devitrified, some voper pnase (202 5 0: 2:22 0
= Pgri-ofly welded, devtrifiec S?on to 2°0 3
Vodo'e'oil 12 dersely waded, devit-iiad (2100
‘o

- Wode-c'ely 13 partizly welled, devi'e tied 22529

< . 0 2546 vR . .
N . 'B 3ded Ash-Foll “Lif, wel ‘miirotec (2546 to 2549
il . Asn-llow Tulf, non-we ded

1o Hocvc'o’v welded,
paricty aovnvl'-od (2549 0 267 1)

s . . \. eda -d/!o-o-hd Ash f-l Tu". nodv"c’v to well

X 1 \\ inzyrsied (2817 15 2575 ")

. . “RAW vtht’

: Agneliow Tult, acr-weded 0 po’' oy welded,

. . devitsihag {2635 1o 2820 (1)

. . Rezded Tuff, wel i~gu-ated (2820 to 2853 1)

. . ‘ga=tiow tuM, agA-we ced fo cde‘glely welded,
ey ! Jevitritiad (2833 10 2998 1)
) 'aoe eworaes Tull, eell irgurosed (2988 ‘o

4Ry
R

X

“l\-fln‘ t.," mo.o" ‘0 daniely welzad
- Davit-ified {2989 o 3224 "
\ - Vitropnyre (3222 10

- ronxou, vitric (3227 'n 325‘ )
\\ - Detatled (3364 ‘o 3849 1)

: c’a f(h-a-hod “oft, modue'nly [ -ul hdu'o'od (3849

. "

' uTwiC ®OCE 166 ’
' ‘ . A3~ fipe Tut, ~cn wedec ‘o -cuo-sml oe'ted,

. . fevtrified, cume vapar paces (ZATE 13 dAT73 )
N Boraod/h-e'ud e, '66'3;{,' «a' well insurzied (4875 %0 ~ 77

N\ 4883 ¢ .
O aer Yu"l (u-m A7) (nu o 031 11}

9408020168 — \

R )

o CA.ico .

)

PAINTARUSH “UFF

RAER FLAT TufF

“L LS
L.onn

-
-

\

0SF .
e WFF 0 L Lo

-— ——

P =t e -

S g




rim et e ame ey

CEMENTING AND CASlNG INFORMATION !

. - e o
et - w oot

Rom e ~pmanten o in 24 '1‘ ot Gy..-ﬁml crment
Ttenee 8B 0 83 ¢0 arn 443 ¢ 30 pezt gemant plas!
$T et teum~ 31 0 a4, lgre. |
1
1
bR T BB ;
ERPEE S IEUREN ;
PR AR & S :
Se' ot 36 11 i
. T S —
Loo,iut tementad o tn 1104 1} ol rect cement |
Irfl, ard LOM feam 526 1 1o surfece. i
i
e H (A ;
oy HCE A R !
e ¢ L ANy .- ;
Set gt 325 1 i
e e e tme e ceoerie ea v——— e emame
Reagtuy LementeZ with 125 H, o! neat cemer! f
[ TIV] S Cn:l) trom 1590 te 1517 v N
:
nros ot o i
.'. S :
Set ot 1564 E
rreulis caantaz in 4 gtogas, Floo! enhae se! of '
4718 11, iower s'aze co''ne set cf JETS {1, and up-'
pes stage colize set ¢! J'4D L Two r*e!:l peto! |
tavkers ot 83! oo 3835 N1 Stege 1-23fr ot |
neat cement pus 2% Cel, ot 4255 11, S'o:o 2- [
U5 ¢ Y of class A cemert plus 20% DAIZLL O plus |
A sv JRI2 v Secse ‘-.!BO 13 of ciass 4,
cament oos J2N DalEL D oles &% Cely of 2118

. Sizge £-Deizsle begge peop s’ £ 1530 {f
Leer org 'o 75 1~ sgueezr pocther
e, samentaz mith 75 103 ot nagt o

-

ae o
+% Lo,

AR L .

IR A

. IR TR
Set r° 4256 &

i
!
|
}
{
!
i

1487 Ny

eutend.ag o

o i tema e m e a— -

" . 2 '

ot . '

S v

- oo

RN S i
-t ea !
;

GENERALIZED DRILLER'S LOG

(From Feni> cne Scisgon, 1085¢)

NSt

g,

42 -

l‘ﬁ
34

1o

._-———.A—-,

~OLE

> avETe

Cune Trleegtian X852 G 0
o TTTTTT
ta
¥,
Q"
&

— :
, M
X H
! .
.
.
!
)
)
'
]
'
'
ot
o
Py
l— BT -
i
H
H
i !
) !
!
'
t
!
H
'
]
)
.
1
i i
H
.
! i
]
]
. H
' H
: H
+
!
'e .
S m— s -
!
-_— 2 .
: '
H 3
| 1
H !
' !
. i
‘ '
{ !
[}
H .
M ]
' 1
' .
.
N I
° "
: i
. !
. Ll
e eTene e * .- T
em——o LY

c



. 283220208
. .

UE-25 p #1 o
GENERALIZED STRATIGRAPHIC LOG

(vaodified feom Cocr #t of, 1986)

l‘OLC INFORMA TION

ALLJIVIUM (S 1o *28 11)

AMNLR vESA wlwvBER
s AsneFlom/asn=Fzit Tutl, vir'e {128 to 170 ‘1)

L.

T IT M

i & e eronat g S2 0 im0 !
326 0 < ! Y Beczed Ase-torl T400. sraiired (175 15 182 1)

i

1

vin

‘1 twa CanvOs ulwbiR
¢ c An-Toe Tuf', densely welded, Tevitnliea, so~e
; v3pdr pease teystamigztion (20 to 253 11}

i

: | fouh Tone (inferrad) (255 ‘w 267 11)

: h ! 1CPOPAN SPIING M{MBER
. s Ath=Flow Tytt

PAINIGRUSH tyurs

é

. oy e b A . i |

" ' ' 1130 ¢ peemams : ':“"0':5'."" fo Jersely wea'dez, zevitrifiec (257 i
Cee s . o . . : . . i \
R ,,-’ teitind e 2ensity on ardig - ) ;ﬂ;: P - Cansey walftag, vitrapagea (1095 1o 11SS M) |
‘:,'. atee fUig leva a' 267 ' . .. ' - P3raily walden, sa-tially reattized (1153 15
t fima *Lug tremt meaq ~ 0 g0 ! 1% 0 sy *25C 11} "

G }

o
1
}
V

TUFFAZEDUS RFDS OF CALCD »ILLS

i !
n tY e G tub ng wite hn'mm: I . Agh=Flaw Tult ;'c‘ t
Dlugyen 1nacea 30 898 Nt . 199) - Non-~wn das, teo!*fzed (*250 to 1300 11) x&:‘.’.“
*'9 ir OO 0fan wndaz fiting eyl - Part'c:ly weidac, zeotitized (*3C0 to 1385 N1} . & F |
Ia=cag at * 311 e ! * Bacdes/Re=0reed Tull, mozarztaly 1o welt "-’
' (21 I~dsrates, geo it ged (uss ‘0 1432 1) . l
“
. PROW PASS wluwB(R i {
(323 I o Agh~Flow Tu'f { !
;;;; N - P31ty we'des, Cevitritied, t0™e ¢3D3° D 2te ! i
Phet - crvgrarization (1430 *s 1275 te) . H
- Paet gy weitee, techtitea (770 10 1792 1) .
I .
i ] | 8ec0ec/Teworend Tute, secitirec (1792 0 *830 1) . )
S U —— . 4
. reor e p=ememil sultraoG wgwsge e
. T { o Ashellow Toutf =
Teeet ° beate weoitat ta 305 m ot ' rod ’ i - Norews das 13 zo*haly welded, devitrified ; =1
hLL PR . I LIR30 ta *930 1) -
g L) T Uadwrately ceces. sestreifiez [135C te 2:501) P
! = Ngn-wedec 13 daclialy welded. 1esltiad =,
' ' (2152 5 2240 ) ; LR
. |" lBtdand/h-wna Tutt, reoie (2240 1o 3245 t1) . 5 :
. [}
! !‘, TRAM WIU3(R ! i
Jeud « Asheline Tyttt
H h.v ' i - Partg'ly ‘o mocerclely weldea, reoli*izec (2255 t
; MY o e eremrem to 2340 '.) :
' " e e - Maderately lo partially weldad, devitrllied (2310‘
" : aeoin 1o 2640 1°) o
eT © nta nroang ta graater 1han LN “""‘l =  Partaly we 3ac to acA-welded, zeolitizea ! i
o 34249 i~ from 3325 to . ™. b — (2649 1o 2853 *1) ! 1
a8y 1 . a3 - e} vIMC mnGE TafF 3
B t-> 0125~ v 3 r 4 18 in; __‘_,,_4“ . Aqnaflaw Tyt 2
’ CJiper arms 08t A sve gt it - \0"'-¢ Ce2 13 sa*tighy weited. 2eoil'zed,s0mer * o 4
‘,:-.;,.-:-...-.no.', 1334 ¢ K sivrea (2863 ‘0 3488 1) w2
G i . g;cgos Resoraed Asn-T.0w(?) Tut! (3448 1o ._‘_ H
e © Coopar teg imacatec arndeg : _z,,,.‘.‘-——-----— £ = S
mois tegm Base of 7 52Y in ! [ et UNIT A :
0 o Pt i s Ath=Flow Tull, An=-walded 1o madarately waldad, ‘
cavngg (4296 1) 0 SDI5 N _ i
) ‘ Qevitriliad, some tpeolfized, argillizec, zne :lnll."a . H
wdh mgirmum S e palcrGe s “502 o 3810 1) " '
q H [
meat 51 115 gt 4564 11 AR 1 s !
H B " ‘
a0 twml € . P2
MR { » Agnefiom Tu't, pamizlly esiced, asjilired 5°4 ' . ‘
cochaer (3510 to 3733 i) .5
Cenglamarate (3733 to 3N44 1) g i

CLacties Asn=Flae "y, r'- ‘aty weidan (3844 o 3950 1)

held - —- ——m e et

Sels TUFF OfF YUCCA FLAY?) (3950 o 4:5(; "
2\ LONL «DUNTAIN DOL2WIIE
:g L . 9?':—"u (40!0 Hel suo u)
5 ':Htl's MOUVAN roaun'-og

[T 1 s J2ormve (8470 0 9923 1)




’
.“/

)

)

AN

- e e

CEM[NNNG AND CA&NGINFORMANON

Annulus cemantes witn 50 113 of

frar= 28 * 10 &4 1
03 « 1 315 .-
FPORE] "' 613 .»
‘e * C T .-
Set u' 28 ft
Annalus nol cemanied,

Annulus

Arnyiug =Y cemented,

Ahoe ussd O% Z0%Ng

not cemenied.

ot sh s reis te . mmeecevaey

e e et e p et S s o

GCYP~Sec! cement

e » 2 625 n

2 5.969 e

"¢ 0 328 .~
Set ot S4 It

TSt 4 530 -

ik + 4 GCO .~

‘e D 83D .»
Se! at 88 1t

)

ND rods with casing
feom 2450 4 to surioce.

. N
‘

KR

Sot o' 2450 ¢

b mme——

GENERALIZED DRILLER'S LOG

(From Fenix and Sci-son,

?

I

()

1986¢)

Su"'"a Creveta~-~ 39328

B e

84 ———-5

0.
ol e 7D vl l

4 Bt e e

5
297 o smmo 2l

A
I _:.l.;:’;_

e e eerme e amemics e eairs veintme = mare e o - e
i
[
' v
l.'a - '
[ n '
0
3] by
o Q3 w
T
2 @
- . el
’ A g
. I
- » Y ¢
A an
.
.
e .




llr\l. ,'u ;' o
ARPEET l..'
(..,_.' E

Y e

33°62203°0° 8°)

Ao A .-
A,"L‘-": R

UE-25a /71

GENERALIZED STRATIGRAPHIC LOG
(Modified from Spengler et ol., 1979)

: HOLE INFORMATION :‘:,".',"
? w7 wiw (€0 1e 330 W0 T T T T
. ! . 1VA CaNYON M : :
: ] ' o Ash=floe Tuf! i
! : vy = e .oly welded, desirified {300 fo 1730 1) ;
: ! ;.: Vove e - Moderately welcee, vapor phase crys'ollizotion i ,
i ' 22y tyzolm {1730 to 195.0 t1) 1 :
‘;;' ! - Partiolly welded, viric, sor'ly o°gillized (195.0 to ;
; 27} o p— 207.0 %) f
. #u " - Non-welgec fo portio'ly welded, or3il lzec (7070' .
' It g to 212.0 t1) 4 :
.‘\ ¢ Redded T.!1, reworead 34=~laf anc ash~!oe, nan=- !
: . weides, vitric (217,32 0 270C ) ,
. { TPOPAN SPR AC WEWBLR P
. ] i o Ask-floe uff t
. ! l - Non-welcec, vitrdc (2700 1o 2758 f+) 1 \
. ; ) . = ODe~ssly waelded, witeic (27586 to 289.0 f*) o
. . ) - Modarntialy fo ce<1e'y welded, devitritled, somae ¢ w !
) : } vapor phose crystolizat'on (289.0 to 7960 M) 121
: i - Pariolly 1o modera'sly walced, devit-ified (796.0 | z !
H 13 797.8 0) HEL
: - Decsely we'oed. devi‘rified (797.% 15 B19.2 11) &
, - z s - Parlolly 15 modarately welced, davit-ifiad vopar | 2
. . Porviat ¢ 1 cireutatl . 197 Y o et phose ceystotlizaton, (809.2 to 8°0.2 1) i Z
T noa . ay o e 8%g = De~sely weided, devi'rified {81C.2 10 1163.0 ) ¢ & |
LI . o 4 a3 : =  Moderptsly 1o ce~tey welded, devi*rilied ("530{ .
% 2 lost creulation belween 9L H ta 1262.2 1) i !
e T ana 9%4 1 : : - :l;;;':'::‘ to ce~say welded, vivrle {1262.0 to i i
(3 N tost :;-culo! 5n at 974 ond | ] - ha-a;'y walded, vitsoahyea (1273.0 to 1317 2 1) ;
1600 1024 1. ! | A = ®griglly walded, virne (13°7.2 to 1324.8 1) i
-~ N . - - £
10ne 'Y Lost eisculation ot appros ' ' { :'|°;14'6.'?:c1;%3°gﬂ:%.' melded. deviirtied ! !
. imotey 1064 1, N ) 1 o Ash-Falt T.', reworeed, si'ghty I~ducated {1380.0 *o .
; TP R 1363.9 11) ; i
. ' b 1 | :
64 5 95 1 af 40 ani roa gno | . : i ,
(LR tS ¢ of 1Q core bhacest ond } ] H .
| cCre D 1a't In *nle frnm . ’ - :
| 1,645 0 1297 1, ‘ ] * | i
! - .. . e et e SV S
| i i ! 1urracious BEOS OF CaLIZO wiLs P
i : b ‘ o Ash=Tloe Tull, non-welcea, desli-ilied (1363.9 1o H ,
! : . 1789.0 1) ™
} t o hedded/Reworvad T.'f, mooarately ‘o nigely 1S
! i ! induratec, ocsosionally s'icified (17890 to °835.7 1), *~ !
S L
’ o2
; ! b
. . B < I
3 ‘ -
' 3 , L
! I 19 eesem— : 1
! ) cayy y  De— o e et e v e et = m e = s am cp+ erennt
’ . [ - | PROW Pass uCVBLR i
{ : ! i o Ash-flow Tut i
! ! t ‘4 -~ Non-weltec fo partialy welded. deviir'tied H {
; e | At 11835.7 o 15438 1) H '
: ' : ~  woderotely welcec, devitciied (*949.8 10 2014 C ! :
; piia - g = =t 1 e
! . ] < P0rioly eeided, 20mially devicitied (20°4.0 0 1 o |
; ‘ ,es . 4 2°998 ) L=
’ ; FHP SRR - vodeca'ely weices, wheic (29093 15 23220 ) |
! o * = Parig'ty we'ded, revMrified, sligntly res itic .z
. ’ (21223 0 2298C ) L.
. , . - Non-wel2ec Yo partialy selded, sigeth reolifized
: . ‘ 122800 0 73332 W) PR
| one g e te e Y
i N AL ‘ - i——--o_ wos e S mEmsetili Amesicimre. ees tms ibees e e e d oo - s stdme e . to 4‘
! . ‘ ibLL‘VOG UxUUlQ
' R N Asn-Flom Tutt
: . ¢ - Parially ts moders: 1eed, Weitieg ¢ .
Bl 0S50S e g prode ttuch 1a : ; " 2503"1 o 3deca'ely welted, Qevit-ltiea .233!?~l
[YL =3'e o 2495 N, F P O R, S SR S
9408020168 - | :g
- me e oy




GENERALIZED DRILLER'S LOG

(Fram Fenix cng Scisson, 1987¢)

e e e e e wmee e e e e — DID%s. (A8 Y
CEMENTING AND CASING INFORMATION ) S.eicze Dlevatioe- 52680 SR
_ SOl iod et S B

. - - e e iesees arat s a———

..

\
>
\

X

b/
Dl ir o -

Aor ius tepm~e=ted witn L70) H’ 0! ~eal comeni
Stus 2% \‘.5.’.&) tro~ 278 !t o surfote.

AR
N
N

2L
!
i
R
N
\
N

!
2

ey
R TR}

. . .
tres
LAY

[}
- i i
o ]
‘ |
i

. U R P98 e e -

brrl'us D) temerten,

NSRRI Mol
[ T LR
: [T

O
S=1 at /95 1t

&7 98 e p—

~el

iomz maesmrm eccamrenne B __

.
t
.
s “
. e
Ly [T )
o S0
' 1]
il
) i ; ] .
)
1]
| l | |
I 1 l 3-J—-.-<-- e o e e a
l i [ m———
| -
! | I - S,
¢ o™ |
qy o
(¥ ..
%9 3 [o¢]
. w w
» ~
(%)
1] b
.Y



USW G-2

HOLE IHFORMA TION

f-‘.' . ° sente eln,n = hatasen AN Y
o T S29

Yew o TS Ungt cecuintion gt wRY s

LKA T oar DD uteng set at JUbb
1t surfoce.

YA e 3D rtieg aet ot SN
1y aurtaee

1022200 A

GENERALIZED STRATIGRAPHIC LOG

(vacitiea from Wcldonodo and Koether,

0%
[{Rs1

. .
LLTd

L ]
L R et I
.

AAL . e e

19835)

1va CAwau v uRrR
o AN=Tlpe Do
- gnnm eat2ag, vitrie (D *¢ 43 1)

- Comsery wolzed, Caviteilia~ (45 to 25C 1) *
- Mygerg: i) -\o----g d, 3ewinfied, 300y
{{G: ‘o 273 ¢

arghe
& sodcad/h-o'hd h." 23Ny _crgitized {115 to 245 l!)

'u:CA uouuuu wiviCe

Agheilow 1,00

- hon=onrgan, -.o-m ()45 *a 2850 %)
- ’ erei weideq. porlly dev'eled, s27y sitric
SIS 3 250 t

s - ::-’q'n' ‘3 Ce~taly wo'led, Carittitec (263 to
. 136 *0)
. N - Nivmaeiges, etoc (336 Yo 34° ) e s )
! .-a.m-.a/ﬂ..n Tuil, man-weiced, wing (ju 1o 498 u) w
! i| Paw CanvOn wivH(® A
. ] o Aghellow T,0f -
. . - '\o----'a-n ‘o prrally walides, veee {499 19 568
] . PO
- artigily *o -m:o'a"'v welded, po~iy peolitizec
; li Sk3 0 K56 s
. o - chrewe. 309 'o Lo clly poldad, w'rc. dorty -
: 1*¥| reoiisec 323 arginred (K4 13 231 ) FI
?; t--—::--* V Redcad/Rawarvad Tylt (751 ta 759 ") et
oy T2POPAN SPRING WIW3IR | ;
Agh=7iow ..:N +
- tded. witrnic (759 *3 762 ! ' '
1 - weided, tasiteliing rs % 187 ) '
b " - Densely *d, eiltrapr 6% to 72° n) B
. N - Cargaly watad. davitrid 121 'a *R%4 l ! '
"'—’ - U.M!c"l'v, ' Jt"u' agided, etegphyre (l s34 f
et - :uad.vz's'vl' -o'ﬂn‘! w'er'e %0 devdr ties (1649 9 ) '
.___.f‘ ~  Partals me'dec '0 mon-waidec, Cesllrilac (' 68"
. 3 to 1721 ') .
donr-d/?e-o'hcd Ta??, fecitited ('YC? to |7.a? N) T
— TLFFACIONS AEDS OF CALICO ~iLS ,
aé 13 :---"—--«« s Allarasting s 3! mastive air - flaw tyt! ong NS .
bedled/reworved Cam-ltrw and Cyn=f3l tu'ly. Tea 42
mattve en- w tulfs are predamingn’y Apn= oo
partially walden, dastrit at eaad gaslatized + ;’, L
' rlISI 'n 2734 ' : .
H - et o rbr e b1 tmm awone smssm e am: bmat mrsmie @e & sess s m @ o 4
Sy ) e s 'di " 9y ufuaf. .
+ f o Agnefiow TyM l
T 1 - 'l‘iqa'a'o, 13 denvely welted, dmsltslted (2704 .
Y es  semase e 48
(g3 & - Y o - g
{‘g’ ; ;‘0“:; 7‘,'" . nan 8 den, taviteiten (2029
N ' - Parvaty » ' AAAcmalden Asetrit ad,
ey b : reoiit'gee, tirg, grgilhe 23:45 ‘"0 jzu )
e - Rawaruad Toft, 7o a (3348 1o $247 1) Ut
e - - s mie wm mete ot bn e wom s vmee e ae e e b &
vy - uivhle L]
e Ask=llow 111 .
- Nanceaiqed, fasitritiae {1287 tn Va0 u% Poee
rere - welsed, desiteilion [ S
. 19me reohfic (3133 te 3303 L) T,
ﬂvdc-dlio-ovicd M) (.‘JOJ to 3574 H) - T r
Vor viuege i
« An=fine 10 .”.

.

.

H .

. i

.

S

! H

13 .

i '
TPA) Fesesneens
i — e

PR

t.

>

.

H

I

'.

!

1

M

1

.

»

I8

H

. .
TR ————
Sher e T
o'y
AT
.

‘BQGCIG/Q.-Q'(.G Y..H (4 50 'o 4 ')s h)

- Lite gevize, SC-33% 'Wa'ey 13574 16 3724 ¢9)
- Pl --%r e-g-l irgd, Rthgeezn 10833
fitmizy {$724 0 397 s
——ee s SRR e treen e e ud
edeen/isanrved 1utl zeokhred ©ag portiy a-g “inged
354 lo l\-]’ 1)
e iio7a e 153

———— = e o e =g

———— - ———— e e R

[ERLE AR N et S 1)
o Agn=lige T 1t
- Maverntaly 9 manqaly .--1‘01 aevirit ang,
o gt 203 (4795 95 4203 ¢
po.o atty weiceq. e'-;-l u-d '420! *y 4823 e}

Lt
LR}

‘Banzec ora Asr Prow T.ie (4ACS 1o aR14¢0)
L3¢0 04g Flce ceccc 4874 ‘0 3837 1)
Roedced cma Be* -Tom T,004 (8563° 05 3871 0}
1340 043 frina Acege e (3470 - ARG 1)
Saeg'omerce, Dedtec 3a3 Asn-Foe Tult (5483 0 $343 b0

[

0 ger °o H; .o ',,a .:i .”'“’....‘.-.‘.: $

9408020168 — ¢/




s

CEMENTING AND CASING INFORMATION

Annplus tempntet wilh 43 1l

?X Cofy.

of ~sat cament plus

TLos 115 e

122 2 615 e

‘e 7 S 282 in
Set ot 39 01

© e - )

B3 )

4 e ce s e te i e esre eaeae—eed

Anaglus camentet w'th 20 1! o! mag' cement piLs
(2% CaCty.  Botom of cuting delled ond cenfrg =
‘gaey leceted a* 22135 a=g 2200 1,

: . ’; ,\‘, -

Te g 83 -

e vt 02 e

Set ot 2217 #t

e et e s cmimieneas = cea s mw e e hetm e 4t ————

GENERALIZED DRILLER'S LOG
(From Fenlx ond Sclsson, 1987e)

ol 2%) L ]o R 3
) DuvETER
Sur'aze Fesoton - A'6EE MU
Py —IZX = 1.5 1n
'
+
{
1
{
{
i
i
|
i
i
! ;
|
!
!
!
i
'
o !
Y Sedmanedol > i
}
i
¢
}
!
-—-«: teven §} 23
]
|
35t ;
3::30wm—-.\....... -— 378 n

112

21




(R)

..

i

USW G-4

Ho

LE INFORMATION

@ Mula enlgeged greclar tnga
18 725 = Satgeen ‘¥ g

139

{as
48°
benle

51

circutnt or tegme 444 'p

"

a’nias bDetenen LER =g
1 wfh C et Dle

srinecenmaet 0t PIY e g

471

./.. Loy cogyaton a* 657 ¢

l,»_

G

cirzu atior trpom 1857 ‘o

1436 1

{ns ~G gorfinegte tega 1950
‘o 1920 1 geg trom ADD 0

AAD
e

QY

bipie
268
an*

2958

en'arqea o 19Y o~ at
"

e gett feg o JIIR e
1" Q'th g gyl
3A~ar’ o 14 °N e gt
2]

frarad’e idas p! rirculaten

fram

28y 0 28C f,

iy
EPL

A g -
2%

© eyt

‘',

. oee
bt B
AN

DA}
PR S

b oA

At

AP

GENERALIZED STRATIGRAPHIC LOG

{Vodified {rom Spengles e! ol., 1984)

Auwuv boutder- fo eit-sae 'mg'«-'-‘i Bt ~en- .
\-.uam " wadded 1410 (0 b 3O 1)
Voem et N e v

et e e e e . mae Ee e e tmp - = m ¢ es

fl;',‘n

TVA SAAYON WIVDIR
o Agheofilge Tut¢
= De~sely woided, @or’ed (3C ta 97 1)
Vote g'ey we'des, dericlfeq (97 o9 118 )
q, done (lln ‘% 138 19}

oty Pdurated. vidie (11A

. . ————s e mr b s e

WLSCA WOUNTAIN wiwALR .
. AQ&-"O' tute, -.Q---M.ﬁ. dene (148 05 *a9 19} '

erved Avn-tal Ui, e {m ERLLER)

L

#0n <wautes, e LU LY

———. - R

. poerty ennsol’ re'.a «toe ('ll

em e ab e am e — 4m mees e 4 e ramem s C e e e e e . e

to’o'nc SO wiuArR H
Aen=Fige T,
- Nos  we'ded, witrle (228 ‘e 239 1)
e Densaly weident, sAenncgre (139 ta J4Y M
= Secsely weides, dertrited, (casrech) {24
te 244 4;
- Madarately 1o Focsey waider, devile tad, N
veno* Inase cryvtatization (208 te 437 '?
Jentely welded, devivvited (400 te 13°7 f1)
1397 sa 1348 #)
iged, whele (*943 '

TJ0aCEOLE B(SS OF CALXC m1LLS .
o Asnefina/asrafalt 1,00, apacqeiiat . parhaly
' welded. feaite {14C8 %0 1738 #)
. ¢ Bedded/Pewacbed Asn-Tol 1,00, 4 0gcon.s
! ) 13r00%0ne, gonitie (1703 to 174" N)

PANIARISK TUST

'
;
e——— I
———— :
fre e e im e s e ansennes ae saie < e m——- e e b e

aceeceed PPCW PAsS wiviid s
' s Agn [ ae .0
* Naccasded. zenite (/8! ta 1796 M)
| e Noaceeded 3 port 'y wo dec, Zertrified, .
. seaide 'n greas (798 te 2238 1) .

! "M1o!‘/lltn”\.d lc--‘al' ;4", ;I-un, "0 a.q.;;;l;m -
, / 2e010¢ 12238 % 2204 M)

/ BULLTROS vivheR
{ o AsneTlre T ¥ sorialy ee'ded, Sevvrtige, .
| 1378 sa%e° paaee Iegstallzster (1744 te
0 . 2328 %) .
o Asretal "Lt (Atecdetten wivr gyt eline), we
: teg ratee 'to""d 12938 12 2934 &) ,
N o Asn figae
t - Neme vﬂ.d ‘e an=inty wae'ved, MasMe'? od
R N (3334 v 2982 #1)
e e wamd = WVoderels'y fo Zustey weldez, devite'lieg
{2582 0 2680 )
e “+ e Ner-wo ged te 3a*laly welded, Cevir'teq,
; o+gific or geafitiz (zuc 5 2%38 1Y)

Ceeee s meve o a e sas e L emecase tesien ey

I-Oﬂaa/l.-onm n».a v,n (vu .. ;;“ .') \

d/‘ " tav vivse T T e
Tult

o Asn Frye !
= Norcwmeided fe 20°%nly saided, flecltr ! od

. e e e oo 2

|

: 1736 ‘o 294° 1Y) ;

‘ . o't:1fl92, cOpor phate erysalzation y

{2841 +0 2239 +) !

{ o wedestey eeged, Seetifag (2999 te ,

' .l:a« ") i
N o108 o o e © 4 o e maeare e en e

CRATER FLAT TUFF

SN -

D —

seran .
‘-lv\-. .“‘

’

I.. -.’\
l’\/ ! .
’.'0 .. . . .-
PR e
. .

]

940-80.‘30168-/\5L

[T )



CEMENTING AND CASING INFORMATION

fmmrm - e

Arry s crpmeste? o'tr 3 0w o Qrosum eement
temm 4 00 0g 878 1 cad 1AD 1) of Redi=Vur

terem 32 PR 1 0n tutinre

Arn, uy temeartr] s

TS e 33 4»

is T P23 23 .»

‘e 2375 .-
Set ot 38 0

20 "’ o' grpsum coment

fegen 311 10 te 300 00 geg 10%] 103 of meat

coment pigy 2% -'.aCl,

trpmm 301 1 1o surifoce.

-~
re
o
" -
.

[
LT LN LI

Anryl sy crmeniar wits 100 " o! mAgot cement
pus IX .’.aC-’ from 2987 1t %0 2580 {4,

SC v 12.78 ia

Sor L35 e

[P - B
Set ! 2385 It

C e men smcw e wesimsees = o et

GENERALIZED DRILLER'S LOG

(from Fenix ond Scisson, 1987¢)

DR e
{t1) savita
fesztn-285° 0
o) v
EL] \\\.L.—-—' RIS
N
Ne—— 72 2
~
3. [ Y -\.,
Ve I
— -— L Y

- . —————— -

3 S P
2499 — e e L4 4
P— —R Ty -
J
i
|
|
}
8252 comimm e R, -




100
AN

RUY T

Yo

) L]

USW H-5

HOLE INFORMATION

P

3'e srpyqr Toam &) 4 4,

2qm
sniqegamant at §4&
CER N

i emgg e, R e

in Rt Qa te
wAsr Lt feqem 207
g G0 1 wite g e
tne arinrjacert tg J4 'Y A
485 ¢ ae 585 ¢

Tentun

Yeataoan

“ate srgtinn Setaeer 498 anp
I2% 0 am egls amigeemacey’
8t &Y - g T2 tr ge2 38

YIRS '
e 00" DHelaeanm
100N 10w
yrgement nt
nrs e

La' treu'atar ot

-~ g

~n
azs -

*nlp ee -

2625 n

an

1909y e .
batann~ 130
Sl e -

HNn.a aray-
TR 1
tqegement tc 214 A g
1eqg o

et ¢ rtuintine
h 1478 0

et TS

10hg o0

ogem

Rl enst nyt Getesen
1AL 1 gna JLAR 1 L 0w
snle anriigegement n 04 n
At Janr

Levt g rcuctian o' DU .

Casng pectnrates fopnm 23230
TS IY S ST
a0 serruint ae
SN 1 ang Jans
[

. .
LERY

"

RXETARE
SFEDN

R A LI LILSRY B B

a* 2348 . 255 o~ a0 125
toany tH QD o oar §RO4 1

>0
51}
X

>

YR TN T Y

)
[
)
Py
3
>
..
3
4

bowlrdwelk: -

o

s

GENERALIZED STRATIGRAPHIC LOG

{Vozitiee from Bentiey et cl., 1983)

|
!

Tiva CanvOn wiuif?
s denefloe “u't
~  Contoly wolded, dewtrfog (3 to 383 1)
- Materatery ‘e part ' we'Ced.
devitrtag (380 to 499 %)
- hon=wa cag, vtelc (410 ‘o 4AY W)

acase

- Censely weided. vlirapnyre (*582 %
1633 M

- Maderately 'a pastioly eeidad,  eiteie
(1659 1o 699 1)

. /) Beccos/agn-Fen(, 1,07, etne (483 *9 490 *°) e
Pan Cavwvde wivnin !

: \ o sgnefioe 1./, rea=meides, wiric (492 ¢ 5313 @) °
T .

¢ 40 e

:‘““‘“‘i\ Bezcea 1.1%, vosic (939 'e 542 %) .

i 020%an SPING WEWBR

\ o Agneflow To0t .

. =  hon-meeed, vitric (341 1o 589 1) ;

t - Contery woided, vitrophyre (268 %0 570 M) :

f - Ce~sely weided, Covitrfag (370 13 33D 1) !

| '

. = Midesglers walded. ¢apor .mase .

. covetenizeran (V90 v K02 10)

i - Cessely woided, devitr f.0q (884 '3 1542 fv)

{

H

i

|

-
-

[]

[ |

Jromemncans

+
i
N

Secaea/ash-fon 1.0, wire (1699 to 1710 01)
CUCFAZLILS 303 3F CALCO =03
o Aqr=figw 140t myacwe'sec '3 g~ ely
weided, vitre (1713 1o TRAC 1)
o Beccoa/Reworves Asr-Fan “y’f, geolitic
(188C *o 1945 1)

Sw 2a3S viwvB(R
o Aghallige Tytt
e Nomcwe ced, witele (194% tu 1972 ©)
- Partinly seidee, Jev’rlae pae vipa’
prate enysreilizeson (197C %6 2°28 )
~ Noneweced, feothied (2125 fo 2240 f1)

Bedeed T410, aeohic(?) (2243 te 2283 1)

BULLFIOGC v ate
¢ Agnalige YTyt

- Partisly eeided, vapor phise
ervetgtiteton (2263 %o 253C 14)

- Pasgly eerdec, deveitiee (29530 o
2010 1)

- Partiziy to moderately we Cod, devitviled
orc pesite (2610 to 2670 %)

- Waderntery tn fessey woiflen, Tev **ttlag
(2970 0 3790 1)

- Poetaly weidee, Jew'**iied BoC 203 ¢
(3710 %0 2733 1v)

senn/lawacuas 1ut? (2713 10 2742 1)
'Hauw »iVvAl R
o Agne=Tloe Tult
- Magerately weldea!®), cedirit'es (2742
0 2198 1%)
- Partially waideq, dev eitiaa (2790 ‘o
3230 1)
- Portiglly wetdee, Sevteifieg, gshgniy
uo“":{‘) (3238 10 3320 M)

- Portisiy weldea, 2e0l¥¢ (3320 to 3412 1)

- ———— - 1t 4 S Tt - e $- r2mms s se

\ Poccoc/ieashas 1,15, zeofitiz (§4°7 to 3422 1)

Love {r=omed) (3422 to 4200 )

PAINTBRUSH TUFF

CRATER FLAY TUkF

HILLS

0408020168 |




GENERALIZED DRILLER'S LOG

(From Ferix ond Scisson, 1987d)

DE D
. Ce e ey d4) DAVITER
H
CEMENTING “ND CASING INFORMATION Se2ze Lievaton-42706 o
: . S St Kl 9 e . .
. =l M 9 I S evesesd w0, 3
i Areyuut cemected witn 315 10 ot agal zemest 33 7 | % ‘
ples 2% afl, tem 81 00 4z surloce Z i 22 2 ..
BRI ISR . z
T 09 306 30 7 I
PR i L QESEEE 20N i
‘et 30 3t 0 ! | i |
o - — 2 1y
v oAneg Ly zereciad Wt 1000 10 o1 neg! cament . l l S
plus 2% .’.nC!‘ from 3°2 v o qurinze ! H
LY tH - ! 1
. in o . X , I
. S LR i : ! ‘
' t
LTI AR BN} H i 1
| |
i

Ancy ut coverted witn 100 ! of ~eat zemae~!
plus 2% CoCl, from 1912 10 to app-osimately

ALY 1
n M SR
L0 ant . ' !
. ST - ‘ i

)

i}

|
Set 3 1906 1t :

, }

Bauer #-g* coinr ot 18844 O ;
'

[}

!

Munitar ne (19~ OD) tanged ot *I51 5 {*

"5- b S i - J
]
CRLY, e eme e 1
. soem memt e SYNE, = pe——— Uj. ,3
. ]
Pocser ve' ot 24 9 ¢ 5~ 2875 ~ 0D tubing. 92 ~ - E
Rato~= o! packar Jsaambly Byt plugged with i
cireLintlng sud ba'ce elemanis open. —i —f % .~
[}
' - ——— i
. |
H ]
' i
!
2488 . ool !

0
Y '
() i i
noe e 2.....'.!.".'?} H
. i 8 | ' :
\ [ H t
3 . 52 { . H
S 1224 ! ) ;
. % | !
S H ‘
, §° .. '
! 13 N N [}
I P \ : i
| f |
- :
}
! |
H
: %
[
]
- - - - - = 5 s e A et “,ggg umnvm!__'.k-.—---.-—‘——s :2: -



USW H-6

HOLE INFORMATION

[YATY Amqvg.-'.'\‘ gv.:‘.' thayn

" 30 ir zataner 96 g T34 0
s ard 2%5C n~a 338 0
434

G - ° role amigrge=—ant Jeaz'er 'mgn

Ll $C m tezm 30 tn 32U 0.
aving pertorgted teo= 1740
srae o Pe 1
ke o Vaumym =gle erinrge—en’
ey at 27 =~ a* 1HD6 ¢,
Tets,
' ° snre talety yeitpre lrgm
ha T 938 3 Y18 1t Ghm mgael-
Slee ~um bole arigegeam~ant of 22
[LINANFLI? LR LN
A cocaven 5 acter gt 20440,
1P N Llowt clreuation 3t 3709 1Y
L3S |

ANSTE(:
APERTLSE

PAMIRRUSH TUFF

CIIJ.: ;f--’
feey A
o, ¢
Aper oo
GENERALIZED STRATIGRAPHIC LOG
\(Maci‘ied from Craig et ol,, 1984)
L1r%a
(1)
G TR R R T T T
; ' TvA CANYON utvau
'*_E 4 » deneflow T 00 l
4 B 1 = Dansaly eel1ed, Gaviteiieg (32 to 19 1) '
)?z . - Vodergley welced!?), witriz ("9 1o 20C ) '
! v e——— - Beetigly welced, el (200 t3 282 ) !
IS \X. 7 Y/ YOI MUK ) €1 - IK0 I
. 1\ Pan Sanvon wiwslr .
' tV T aeactal tutt, eencweiged, vitne {273 13 35C )
X | 10POPAN SPANG WIMBLR
] { o Ben-Tlewm T,
: 2 - N3n-we e, vire (32C *» 330 #
. = Jecsely we'ded, viropayce (33C o 332 "g '
! i - Jensely meided, devitsifisg (337 te 34C M 1
» ' Yogeratey welCend, vopo’ prOTe goystallzeven |
: : 148 v 420 1) :
. . - ")oncmv ona'ded, fevireitleon (421 e 12°7 )
H H - Sente'y eeded, vitropayes {12°7 s 1510 1)
R - Poigly welted to rar-welded, vitric (*31C %o
H x 1545 1)
4 i
» .. }m---} i . . . ) e
v ..,....._...l’ Becded/Reeorvec AgneFal T 10, yirle, s'ghny te '
pe motesately Ing.rated(?) (1346 10 1376 1) ;

t !

TUFTATEOUS 6LDS OF CALICO »t.LS
o Aanefiow 1,1, non=we ded to partially we!ded, eilrio
(1376 1o tase #)
. hund/'uo'nd

PROW ’ISS I
. A"\ ~flow 1,11

1e0i*ic (1438 to 1504 1)

Perilaty weizad, vitelc (1304 %3 *S4C )
Portinly we'cad, devierti'nd nnd vaper phase
Seysta Kpoton (°540 0 168D I

.
3
'
}
'
[

Perialy weiced, des rifod, geoi'tcl?) (1885 o

1789 11)

Y-

: CALCO
wnis

- 13
! - \3ead seuee Tull, 1 1 -oem (nu o eres ey T T
: . DA A g S .
am . bieeeensd DNLIEC WEWBIR o

i H o Asneflew T it : i
rery -y =  Npacweded '3 derlnly we'red, devr'ted i i
ey - ) 1793 o *810 M) ! i
e b - Pgrtioly welced, vapor phose coyttollraton i _ -

b {1810 to 192 'o) = !

, - oriaty eeiced, gesrelieg (19°C 'e 1970 1) ¢ & !

‘ - Pemioly 9 medecplely welded, covitrfieg (1970 o~

' o 2138 1) ¢ -

N - Pomioly welced te m3r-welded, devlirilied, yo=
ras - i ~arerately attared (2138 o 2325 17 P

P e I 0 — =

. i 1Bsaded/Rewarnec Tult (2223 to 2133 *) ;%

. R TRV T _iC
oy ! o Asn-flow 100t l :
X TS =  Npn-weded, Jevivilied (2233 to 2340 1) i .

};*‘g 1 - Jdevltelliad, derinanth sopas phate crystafiz- ! :

3 4IZ 8. a%pe (231D 0 288C ) !

i =  N3a-weded, teoltic crd org dc (2682 to :

2888 1) }

5 ‘lodd.e/l.-,n._ 1.," roderotely ‘rduratec, reoittic(?) i ;
‘1!5’ ‘o 2578 l') . i

oo (Jm:-« c) (um e 3694 1) ' i

-.Mam/l a'ne 7-)" ('u"euom sarcstare) (3894 o i

[srca o) |

H -

f /-1 MDCE LFF -

] 35 o Aan=flow 1,11 S ;

X% - Pcrioly welced, geoltic ond orgitic (3708 to -

woe . [HIRAREYY 3a2c ) | w
1vn s f - NIn-we ded '0 dc~ioly weiced, moderately . a_E R

} H ta3itic (3823 to 4302 M) ¢ 3
e )

_— i i
[ St

9408020168 —| ]



¢ SN o . «

<

o : .
w o i
N <

w

&

——aiie e
———————

~ ' v
) ! !
. i _ : “
H
oo "
) o Q es €
.q..lo (¢ i ) ORI
.ﬂl\ o~ o fata
. o evae

M . T T e e e It 7
] » -
' M !
* (o] > € ¢ . (S K e T —-=
t =l . '
” o 3 voo , Voo
DO ; a a9
¢ X f e ~am RYLR
M m Mw O3 ~aos r—=
: Ay e en -
“ er .lo L ) “ “ A w “ h
-— i \'ll-l .- - ———
“ 38 o p 3600 Lo .Ilj. _
", [SReT I e
21 3! 3 ///,,//.m I
niie "y w “ NN i :
« ~ . f " H
Ol « - ! ! i nn
alli e “ ' " il
S 'e ~ . i J | m
<{|%e ! m i L ey
Ty i e 1 DA O ../.n.L [old
O elmu ) _ te) S W) Nalid!
4 HEE - 8 Oy O
- D _ o { [}
=il L2 !y 4
N : | L _
S35 5 _ N |
I~ 2 1 . m. 1
Wi a € i toNA b
H Q ' - W - | R T st T
i \. : 1 Ter
S HUL L g




UE-25 WT
RALIZED DRILLER'S LOG

ir fenmie snd 527953, *3RE3)

o — 5
. ceewr e AT ; HOLE INFORMATION
A L S A AR . A
CTTTIIL ==
lo” M . | s
7 R | 3
v L : -
Y N Jevoe !
. ]
- - . s e . {
! )
o Q “ale t'ougring trom 135 to !
163 o '
“ oo H
i
t
i
- 1
; {
- - ¢ - ! . ‘
) v - @ Caliser log indica’ed an '
. . era%ez g3me lram 236 (o t
. 426 4 aitm g magimym roe!
enigrgemant o 109 in. 3
: !
1 .
: .
a
+
’ ! " - [ [
i N
! s
]
'
. . |
|
Tt
]
t
1
!
!
|
: ; 1
: : ]
: :
! ;
]
. | ] W'a \‘,' Flud cgaﬂOy log ingeqled
; ; Oy level gt 874 11, H
. ]
1l i
i '
, i :
: i 1el A ‘Aoter ﬂo-}ng intn hole from
: | . 990 o 1021 1,
! : -
, i
i ; |
. : {
i i N
h !
' : © @ Catiper log indiza'ed erdzed
! i . rore from 1202 10 1208 11 _
‘ , 1o with maumum role enrlarge-. -
! ' e ment of 8875 ot 1208 1.
- L L AT T .
ro i tooss B 2.875 in GO tuding with !
LT TRt L Sl 6 B e H 12 1t ssree~ lgnzec af ;
; 1230.7 1. H
oo ; !
9408020158“[%




UsS
GENERALIZE

(From Fenix

e e nt e e o1 v s wmm e i n wemn o s n vt e aomn NS
| T3}
cememmc AND CASING INFORMATION | e
. ity pniomieni AP 3 5 -
‘A, RAarylus carmanted with 432 “’ of Redi-Vix c-"'o'\', —:l,;/,
tegm 41.% 1t 1o surface. ‘ L . et
60 x 22 5 - ! 67 .
MR SR ! e T -
" 3 295 ol '
Set ot 33.5 ft ;
. R e e 1
{ ——
i
TYs i .
fést d }
o
A '/‘;’/’: i
O A SN 'f,/{' - !
. . ,
i :
a7 - '
LI ] b
]
! |
i
i
i
wate cemanted with 75 13 of wW-60 GYPIU™M cemer!
bepeme Lt gt *268R 10 15 1221 {4, them geilled out to
t239 1t with 175 in bi' and to 1255 ft with |
1Y in nit, ‘
i
ssle cevo~tad above funk left in hole zt 1243 1t ;
w0 35 103 ot rpat cerment plus 2T CoCly from
1243 v0 1221 1, ;
ingteympnty on 2.375 in OD fite-giass tubing tet ati
*213 55 1, A'ter~ciely stemmed cn~d grouled hole
feom 121785 10 05 surfoce (tota! of 27 lcyess of :
g-ou'. 30 layers ot slam~irg), Stemminrg mcleria!
imztuces lovers of bem'onlte, 12-16 mesh saad ond |
™ " v, H o
iea ftou t 12°38
! 1720
! 1239
! R
! )
! t285 - '
b 263 i
booo2in - -
i
I




Uz-1
DRILLER'S LOG

nd Scisso~, 1927¢)

EXEN

"o

HOLE INFORMATION

A\ Lot cireulgtion from 56 19
8 11, (No Returrs)

O Coiper tog irdica‘ed erocad
tone from 242 0 249 11

B Y

with ~qgeimyum nole enlorge-

rment of 26 in ot 248 11,

@ (roden jore fep~ 492 ¢
517 1 Sitr ~aairmur "o'e
erlgrge~ant of 24 in g
498 N,

@ Crodea sore from B46 1o BEY
" with masimum hole an-~
largement to 23.75 in,

-—— .

9408020168 — (Q




CEMENTING AND CASING INFORMATION

. —
Annulus not cemented-casing welded to plcte ct
surfcce.

oot 2 823 e

it 5 566 .n

Te T2 328 .~

Set ot 3 1t

'
]
I}
)
!
]
)
L}
i
)
)
|
|
i
+

USW
GENERALIZED

(From 7enir ©




;W U7-68 ' ::-sz::-caau;
ZED DRILLER'S LOG

Nip ogatt Lesuas, RN,

Y YT -] e e
' HOLE INFORMATION
ot PRI A =
S -
i
¢
]
— b — re
: ;
E ]
i
! )
i
| e '.‘,: ” .
{ ¢ .. = - o 3 -
t R =
! ;
‘ : ety
: teate A RN |
£ WA
i
, )
! :
l ]
H
‘ z
| :
, 1
! H
’ t
i s
. i
! !
: 1
i
; ]
! .
| .
R g !
. L]
——— a—— 3 932 - :
—— A i

b e e e c—am e

9408020168 — 7).




L Y 2

i

~

CEMENTING AND CASING INFORMATION

. b - -

Annulus cemented with 189 13 of Redi-Mix cement

from 40 1t fo surface.

Q2 2 26 75 on

IS 2 26 52 .~

Te = £ 375 .»
Set at 40 f{t

-t 1t - i et o

Arnnylus not cemented,

L 7 TT-Tp gy PP S I U

From 324 ft 1o 10' 1t

18]

tIcs

o
"
el

- "J
N
W

c
:o

—dee

~ o

]
. a7
Set ot 324 14

[+4

from 101 1 to surfoce
s ooa

S n

{
t3e

i~

c
5 n

4 -
]
o
[# XV-N 3]

Hole cameanted from 322 1o 328 11 with 200 113 of
neat cement plus 'S0 ibs D-19 friction recucer to
stedilize the hole, then drilled out.

Hole ogoain cemenied, from 324 fo 331 11 with 210
113 of neo! cement plus 2200 Ibs Glisonite and 150

Ibs D-19, than drilled oul.

e e ek mmsin cmi = -y

i

U
GENERALI

(From Fen

DI
)

o JEETPERS .
R —

tate

)

Cx
,

tY 1 J— —




W UZ-6

ED DRIl LER'S LOG

x and Stiszon, 19871)

‘oc DN APRLITY [V
.
| Pl
J,1 A
+
: s
]
i
1
i
;
]
!
;
;
i
i
.
:
3
H
i
S JUR. :

[RY
44
[Nl

ie,,r

T
TR,

LG
sans
Sk, d
TG

§ e m et Sramat o i n a— - ey

HOLE INFORMATION

PRGNS —

Coliper i0g irdicated ernded |
1ons from bottom of 20 in |
casing (324 11) 1o 372 1t i
with marimum hole enlorga~ |
ment fo 38.25 in ot 344 ft |

|

frodet hole o 1103 ! with
marimum hole analrgemants |
of 29.25 in 3t 318, 36.75 inl
at 608 -, 275 in at B62?
! ond 36.5 in ot 1014 1.

froded 20ne from 1230 ¢o
1390 1 with masimum hole
anlorgemant of 29 in ot
1303 11,

trooed tones fram 1416 to
1706 1 ong 1816 to tR20M1,

Fluid de~sity log indizated no
fivid (log ron to tB62 f1),

Formation change inciccted
ct 1868 ft,

i

R
iy

IICRIT D00

'\f\\. '

'y

9408020168 — 2|

- - a—




GENE
(Fe

—— o r— o :):' 112
CEMENTING AND CASING INFORMATION | %)
= o
@ Anmylys cemantec with 189 113 of Redi-Mix cement Ly wemeem—
from 40 ft to surloce. ;
|
e v AL L .- ! =
21 29 o .n i
< - ~ € -
‘. - - i
Set ot 39.5 0 i PR —
@ Arnulus cemented with B6& 1° of Redi-Min cemrr.!;
. from 320 11 1o surfoce, |
|
A Yl !
MR o S I ;
et 5 455 .» !
Set ot 319 1t I
Annylus spol cemented with 100 13 of neat
cement plus 2% Calt, from '370 ft to cn !
unknown cepth, i
i Tio: 10 785 .- i
PRI D S PR SRR :
e = £ 350 n ;
Se! ot 1365 1t :
T o T i
! '
i !
‘ I
! L 1A S
1 *310 T
' r
! s -
! .')!":‘.T'.J : ' 82T = = e
: Ll ; :
‘ ,
| () Lo
i b
l "4 - O - AN, SN\ ' I
Y QN 772 SO0 N
! N |
{ @ %\ ’ |
' o N\ [}
i N

P
{oe
X
.

.

.
(1]

7

Z
rd

- )

e s e e

! _~-
- —_— —_— L iolo ol T




32822810

UE-25c -2
SENERALIZED DRILLER'S LOG

(Fearm Ters gng %.t2mn, 19259)

e e e U4 Pt | HOLE INFORMATION |
e 4, 9 . r) l'" w_"
YT ——— i, s [t - —— Rage
N PR : 13, - @ Coliper log ingicatad eroced :
; : 2% e 2one from bottom of cosing !
! 1 : { ot 59.5 1t 10 94 1 witn !
e i R ! Mmerimum hole erlgrgement |
i 3 " ol greoter thor 3B.38 in o ‘
; g tos2 . !
. N .:- H '
NS - l !
| e ] |
2 : i
' |
l ! ey T
l ‘ . LG AP
: } P R c o
i ' ; A
: . e . , .
! | L.
. i
33 =1 @ Saverg eroced rores indicat-1 .
’ i ed *0 1436 1* ait» mpoemgm Ny e, o n ‘.
i hoie enlgegerents of 25 in Lty L
o! 360 {1, 23.75 in at 502 ! $t.oet
pr3e - | f1. 2725 in of 942 /1 a~d |
[ 22.25 in o 1100 M. :
@ Dell ercountared 4 Mt void o,
i 940 10, ,‘
10 - ;\',"' Fluid tevel checwed g 182101}
= - . .4
3 ; i
te¥, - !
i i
il H '
' i
-— ——— Y [
' w73 - @ Slight nale erosion %o 17.5 in
: at 1675 f1, .
| |
!
) ‘@ Croded sores indiccled dDet-
; ween 2050 ono 2141 {1,
s 2383 and 2391 11, ond
l batween 2713 cna 2728 1t
f ' - with mguirmum nole erlarga -
: ments of 16 in ot 2082 end
' . ‘ 2084 11, 14.5 in ot 2389
! : ond 15.25 in ot 2724 11,
. : EEYN i
| ' b 2 B ! Centrilify pump wos se! in |
i : Q 12 9 hole with intake ot 2364 1t
i ! vens . i GnQ monitor line at 2365 11, |
. - ’ 3. Retriavadle beidge plug wes
' ; ! se! ot 2485 11,
i ’ |
; E 345 !
: vy C :
) el 1
, f i
{
; i ! {
B SRS UOR D L. J

9408020168 - ZZ




USW§
GENERALIZEDEE

(From Fenix ol

NSt

CEMENTING AND CASING INFORMATION £ - otigr
Arnulus nol cemenmted. T ¥ o
2 rhy e | |
I 230 un e e
( : 225 - - |
Set ot 20 4 !
ome st e imeva s e me cm e erim memcmmee e a4 !
i
i
i ]
! E
H ‘
z ;
! ?
i |
i }
: i
i f
i t
i
|
]
| |
i 2
i i
' !
i ]
{ !
' 1
| |
| :
: )
| 227 Cnee
i
i
|
i
]
!
1
i
i
e et a———— e e e e e e



uz-7
DRILLER'S LOG

d 5Scissuy, 1987¢)

e PRORR HOLE INFORMATION
- ’ ;
3

ALK AN

9408020168— 72




P T

CEMENTING AND CASING INFORMATION

I'A’

-

-
.

! nulus cemented with

— i ...

200 1! of nreg! cement

plus 2% CoCly from 30 ft to surfoce.

Hole cementec from 74 (1 fo 27 11 witr
neot cement plus 2% Coll, becouse of sloughing.

Hale grillad out.

plus 2% CoCl= framr 36

Arnulus cementeld with
plus 2% CcCl, ferom 13

S,
HE)

e e e et ey

30 5 .»
: 2 2% .un

e 7 0 375 .n
Set at 30 11

— -t
2t

L e ee i me

2 1t to surioce,

ne o= 16 0 -

sz i 24 e

LR S ¢ E S
Set ot 362

140 13 of neqt cement
659 1o 126C 11,

G v 1L 250 .-

ioos 1T Ul e

e T S 383 -
Set ot 1365 ft

——— e m a s

—————— o o

030 13

Py

(B} Annulus cemented with 972 1} of Regi-uin :nmenl}

'
]
'
[

!

—_— .

|

!

7,
Z5

—l

e

U VSNU PSS SUSRI

U

GENERALI

{from Ffe!

-l
]

(L - - el oony
129 N
N
g
>
_-E
3
3
3
3
D
e a
J6E e s e

LR N,
S
thas =TT ===
Rlopae



E-25c

e ann

oy me T oa,

Suitson,

1
ZED DRILLER'S

LOG

1985y)

-

AL
A

OOl &
,,’ﬂ
AL
oA ],

i
(4

y
g%

:

!
f
i
i
i
'
'
i
i
!
!
!
)
'
!
LT ——t

AR -
'. . i

o
¢,
re
.

.

.

3 H

i
-y M -
)
'
i
i
f
1
!
. e
i
- ] 'y -

- e ==

* 7 Fluig level ot 1510 11,

. @ hoe
; ?

— e e o c—

HOLE INFORMATION -

e e eh b meremen rored mm et e o s ema—eed
o e ttiatan cae e seee @ = e mm . ser 46 et t— el

sioughing from 624 1o I

4 1t

@ Coliper tog indicgled mari~ |
roum hole erisrgement of !

34 in gt 1B6 11, '

1

@ *ole erigrgement '3 2B.5 in
ot 430 11,

!

h

!

!

. !
Q Hole er a gemant 1o 22 in
indicoted at 2752 It l
1

!

1

[}

t

l

94080201 68—Zc{



CEMENTING AND CASING INFORMA TION

P U S
e e d————————

——tt st e e e Se ctmem iy

'_-;y Annutus cemanted with 216 113 of

15.5 1t to s.rloce.

o

41 1t to surfoce.

: 14 .~
= 1% 21C .n
0 4295 n
13.5 1t

. Annulus cemarted wilh 68 13 of Radi-Mix from

’JD EI Y S T
AU = '.C CS on
e # 035 -~
Set of 40 1t
i
|
FIET !

et e s bt .

Redi-Mix from

UE-25]

GENERALIZED

(From fenix on

FRT 1. S

$LD e e s e




WT #3
DRILLER'S LOG

Scissnn, '986n)

L3
i
oS
L
IR
!
]
i T
L4 .ee— LOOse il
[ e d

HOLE INFORMATION

. et e e e ——————— —— =

" @ Conper log indicoted hole en-
. lcrgement between 40 ond
140 1t with o morimum hole
' erigrge~ant of 21.5 in of
82 11,

\/ Fluid tevel in hole measured
at 983,

B 2.875 In 0D tublng with 12 i
screen londed of 1125 ff,

- ey

-4

2223030 A8

9408020168 - 2.5




Q, Annulus cemented with 432 113 of Pedi-Mix cerment

i

A,

e e i s . o tee b erarmen -——

CEMENTING AND CASING INFORMATION

R L -

frorm 39 to 2.5 It

a0 2 5% 8 .-

e T P9 2SS e

Te = T 375 .n

Set ot 39 1t
annulus cemented with 864 113 of Redi~Mix cement
feom 313 10 surfoce.
1]

“o 0t 16 L20 .- }

10 = i3 510 -n

e T S eu5 e

Set qt

- s = . e etar m—— oo

Anaulus so6! zemerted with 100 1! of neg:
cement glus J% Colly, from 1368

depth,
SO 07 VL 75T e
N o L
Tt - 2 e .
. SR ST
Set ot 1323 1t

33

B I e T T T pp——

to ar urknown

AN

=)
S/

>,

I

- Y

37,
7

“

7

f/'

L0
R

—- e ————

————tn 4o - e —

UE-
GENERALIZE

(Fram fenix

T
el
¥}
h Logr
O e
49 s

%

i
%

-——

3
7%,

0
'/,

e

1328 e e ?

1 55_‘1‘ feie mmemacsme  avom e

AN e e -




-25¢c 3
D DRILLER'S LOG

sng Szissor, 198%53)

Y
Somne e o o
.
- - B4 4
- .

L]
. .
: :
. - . .
'
'
\
+
.
f
'
]
4
i
i
H
+
1
!

o0ty

4.4

Ay

IZER]

HOLE INFORMATION |

Talgas '9g indisgles ol e
seg 0 207 1Y witn moaimumy
*oe arlsesementy ol $8 75 e
2t 23 4 2BIS e e 123 00

Lo B BT - U be? SR L)

9

Hole eratec 1o 1200 ! with
~aeimym hole enlargeme ts
ot 2575 in g 499 1t crd

PH Y o a0 89K ang 320 M1

)

.

.

i

h

formntior wn'lar ingicates of '
317 0 :
Frad zansi'y ing imgccteg '
f1u:q lave! 3t 158:G e !
{

!

rnle meaded pelwsen 1620 |
g 1639 1t with masdimym |
hoia anlacgament geatnr !
than 3105 in ot 1636 11, t
1

'

i

i

. i

we'er infiow 1ncrecse ot ,
2375 |
1

Dull e'e—ert nZZie wZs sef
i~ hple widh cpater 3t 24635
1 g 2,375 in manitor ling |
at 22705 0,

froded rore indicz'ed bat- |
ween (1833 ang 2839 f} with
morimum hole anlcrgament |
of 23.25 in o' 2837 11, !

e chemri s moather eseme a4 e

. . PR .,
. « * o »

o :

) e v o
P e .
Y .o el
r— Y, . L]
- L3 .- e e

9408020168 = 74



CEMENTING AND CASING INFORMATION

Annutus cemented with 28 113 of 75% neat cemant,
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CEMENTING AND CASING INFORMATION

Annulus cemenled with 162 113 of Redi-Mix cement
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JD = 10.058 in

¢ = 0 350 in
Set ot 70 1t

ot wome ..

UE-2
GENERALIZ

(From Fenb

DIPIH
{t)

Colior

70

|ii|
PR (T,
18—

——

. x\%



IS 82202 228

5 WT #12
) :ED DRILLER'S LOG ' ’

x and Scisson, 1986¢c)

SrawETER HOLE INFORMATION

— (=8 73 e 13¢ - | @ Caliper log indicoted eroded
! zone from 104 o 370 ff

with meximum hole

enlargement of 21.5 in.

AMNLTED
LI N N P

we 00 T ms o=
j e - NI I
N - sal vald 4 ¢ ‘et faw

H a1s - | @ Coliper log indiccted eroded
i zore from 476 to 940 ft
with mgximum hole enlarge-
ment of 17.75 in.

043 -
133 =17 Fluid densily log indiccted
fluid leve! ot 1133 ft,
N 276 - | i} 2.875 in 00D tubing with
R Loose fill 11.65 f! screen londed af
PR SRS 1276 1.

9408020168 — 7 ¢

e e e e s ee————



CEMENTING AND CASING INFORMATION

Annulus cemenied with 381 {13 of neot cement plus
3% CaCl, from 222 ft to 3 fl ond 5 13 of Cal-
Sea! cement from 3 {t fo surfoce.
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CEMENTING AND CASING INFORMATION
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3 CEMENTING AND CASING INFORMATION
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CEMENTING AND CASING INFORMATION

AnnuLg cemented with 785 {13 a1 nect cement
stus 2% Colly from 5% 1t e suricce.

' 83 s 1 785 n

i iZ - 10 L8 .n

: T, = 0 352 .n

' Set ot 55
!
{
|
i
]
;
i
]
!
;
]
i
i
'
!
H
1
{
i
|
i
$
|
[

DEOIH

(o)

5

UE-25 WT ¢
GENERALIZED DRILLER s

{(From Fenix

Coler Lieveton- 3585.4 ft

and Scisson, 198

=

— ’-—-8.72

!
i |
i

|
|
i i
| f
]
]
i i
|
! |
]
i 5
Ll
o
e :
18
A
.' -‘“— Loose

l

-




)" 3202222 B
25 WT 717
ZED DRILLER'S LOG

~ix cng Scisscn, 19862)

=3.£
SavitiR ! HOLE INFORMATION
nge Dievston-3583 & :
7 0 e, . |
% Y=+ s
- r - 1
' f - ! @ Coliper log indicoted hole
; i eroded from surfoce to 1019
'i ; f1 with movimum hole en-~
! : ; lcrgements of 23,25 in of
— ! T : 100 11, greclar than 33 in i
: LT I ot 281 / ond 23.75 in of
i i i S6C '
p .
i } 2.
: ! .
E | ; :
: ; . )
ca: - ‘
: i
‘ e -
: ' - ;
: ; j :
' !
’ ; : j
! é ! '
i ; |
' )
| .

@ Slightly eroded hole from
1280 to 1392 1 wi'h mexi-
mum hole enfargement of
2175 in e} 1311 {1,

: U fluid density fog indicoted
AL fluid tevel ot 1294 ft,

(]

=~ | M 2.875 in 00 tuding with 12
ft screen Iorded on bollom
fitt ot 1376 ft.

-——

9408020168 — 3¢/

4 mim ——



i
.
P

*

gD = 13 375 .~
iD 2 12 615 .~
¢ T 05 385 .~

Set ot 6 1t

be e e - ~d
Annylas not cementad,

£ 2 £ B30 .-
IC = 4 £20 .~
Te 2 £ 0230 'n

Sel ot 148 ft

)

|
[
-

CEMENTING AND CASING INFORMATION

Arnutus camented with 2 18 of gypsum plaster lrom

6 1+ to surfoce.

Us

GENERALIZE

(From Fenix

DEPTH
(")
5 Suclcee
6 ~~—- pommd 77 S
LYY NI 1 §

SR



V GA-1

) DRILLER'S LOG
ind Scisson, 1987e)

ROLE
DAVLTER
Tevetion-51358 4

a1

LY
.

pe I

~)
[ ¥l

L4

PRI

38 -

o v —

HOLE INFORMATION

. formetion fractured ot
317 N0,

@ formation bodly frocturec &
! caving from 327 to 407 {4,

]
f
|
!
i
i

- /\ Lo cireutation ot 528 11,

'
t

P

9408020168 — 35

3518200120 D)

LY S

e
N
i

i




UE-25 WT #5
GENERALIZED DRILLER'S LOG

(From Fenix cnd Scisson, 1986a)

. - SSUUE POV — DEPIN HOLE
| CEMENTING AND CASING INFORMATION ") D:AVETER

Cotier Titvation~3%60 2 ¢

T T T L LTI L I I T I T T T T 0

I v/ e

! Annulus semantag wits 162 13 of Reci-Vix cement ——(/Z l’//f/;-——“ 7S n
fearm 40 1t 10 suric:ie. 4w MR kot

!
]
! IR SN L

oo teotsr -t -8 795 .~ ]
PN DY R

Set ¢t 40 1t

b e e ecmr ame e e f it e i rets me e i cee e s veed

10
1636

1100

1310 e remme hne e

- p
1A e e Sl ae st =t laose {1

[ PSS U U




T #s

LLER'S LOG
3son, 19860)

™ ‘D

vty
.~

l
|

s LOO%E i

HOLE INFORMATION

. e ——— % %"

e e e

Q vc'e slouyhed from 105 ¢
o bottom~, Hole wos chbon-
conez 6/18/83.

B Bowen overshot, crossover
sud., end Bowen bumper sub
wete left in the wole af 1036
{* with top ot 108 11,

A wcter inllow indicctec o
118011,

d

9408020168/36



us
GENERALIZ

(From Fenix

r S2oTH
| CEMENTING AND CASING INFORMATION ()
& 0 ——
! Annulus cemanted with 100 {13 of neat cemen! plus 58
! 3% CeClyplus 1 113 Col-Seal cement from 58 {1 to
surfoce.
CC = 10 730 »
iD= 1C S50 ir
Te = 0.352 «n
Setl o! 58 ft
i
!
1
!
]
: ;
z
1 )
‘ !
i
i
!
i
!
I
!
2540
i 2050——
:
1
!




/ WT-2

D DRILLER'S LOG
bnd Scisson, 1986c)

-3LE
DIAVEITER
Elevetin~~£2£3 7 02

b J%—— 16 75 -

le——B.75 ir

Nl T=— Loose f{ill

13>

‘AN

1940

~3
b

~
(23

e

HOLE INFORMATION

Caliper log ind'coled eroded
role from 200 to 1300 f{t
with moximum hole enlarge-
ments of 22 In ol 782 01,
18.25 in of 1301 {t ond
16.5 1t ot 1110 11,

 fluid density log indicoted

fluid teve! ot 1873 f{t,

Mole enrlorgement below 1940
ft with moximum hole en-
lergemant of 16.5 in af
2040 ft,

2.875 in OD tuding with 12
{1 screen longed on i) of
2040 {1,

L

T

'-‘|l

P

32820010 BY

[ S RS

o Cor,. 2 Ce e

s e - -

5408020168 — %)




v ———— e e o —ass

CEMENTING AND CASING INFORMATION

1
!
:
{
1

. 3 -
Annulus cemented with 378 (17 of Redi-Wix cement
from 116 1 1o su'lcce.

202 10 750 e
LR . A A

s * s w -5. o
e 0 358 an

Se' ¢t 114 {1

mem e e e e ———— —————— e e}

USW WT-10

GENERALIZED DRILLER'S LOG

(From fenix cnd Scisson, 19860)

DIOIH

(')

Ol

DAVIIIR

Colicr fisvolion-36869

o]

Z
196 —— -

1213

.

%

f—28 73 .=

’y——:d 78 .




e e 4g
: e

SW WT-10

' - 7ED DRILLER'S LOG

aix ond Scisson, 1985c)

2.t
SIAVITIR
wgr Llsvetion-35859

%

e

l\\\\\\\\\

[44]
el
Ly
>

;//'_—;4 75
7

9

HOLE INFORMATION

0 Coliper log indiccled slightly
eroded hole with moximum
hole enlorgements of 17.25
in ot 139 {1 and 17.25 in
ot 1262 11,

J Fluid density log indicoted
fluid leve: ot 1140 ft.

KX 2.875 in OD tubing with 12
1t gcreen sub lcnced on it
ot 1321 {4,

et W e




- Smwr

CEMENTING AND CASING INFORMATION i

e ey

Annulus cemented with 189 110 of Redi-Mix
cement from 33.5 {t to surfcce,

-~
<f
"~
o b
-
's

z
3
Set ot 3

n
. *s oa
ml)l,(’
-
Twes e
taw
€¢r 0
> 1

—

CEES e e,

1535 o —




32°8250°2° A)

WT-1

and Scisson, 1986¢)

L N S

- ShvLTLR HOLE INFORMATION |
B fevcion- 13425 . - :..';:.-'”""“‘“‘*‘““““’"""'f
—3y s - |
i
8’3 - i (
‘
{
' !
!
i
?
]
1
!
!
|
1
]
S e
!
] /o’
: i
i
!
i ‘
1
| “ .
| Al
| Ao,
:
: |
|
}
5
. "\7 Fluig censity !oE indicated l
20 Nuid teve! av 1842 19,
" A Small wcter intiow indicered fl
at 1560 1t while arilliag, i
T Loove 'l “aes M 2875 in 0D tubing with 12
M , ft screen lcndec on !l ot
1665 1. i
q

9408020168 — 36{____



v m—y— - -

R L e

R rore:

e e e DEP%H

CEMENTING AND CASING INFORMATION )

USW WT-11
GENERALIZED DRILLER'S LOG

(From fenix ond Scisson, i»26c)

Colige f'evst’o- =380 2!

]
b e
§

!
i
'
i

T oI 0

L] .
Annpius romertes witn B (¢ of Redi-Vix
cemer® ! - 45 {1 to surlcce.

45

S22 1L 730 .m

10 2 10 80 .-

e = D 330 i~
Ser zt £2.5

*385——

1428

T,
.——;9/
’
e 4 -—
]
—

e e g em e am—e - —a— o o b o= -awase
e m -
seves e

Shawitis
[ I TR I
J:{/,
'— a3 72 .
; 8 7’3
H
]
!
|
H
!
B
1
|
|
1
i
!
t
}
|
]
t
i
H
‘
’
1
4
i
!
!
!
]
—
ot
X
—— Loose {ill



e

L T Ay

a e —
T

vy

AR Y

“SW WT-11

IZED DRILLER'S LOG

enix ond Scisson, 1986c)

[P G

Locose fill

32838208

HOLE INFORMATION

28 -

19y -
t2:e -

1363 -

= . see.tyeT "o
rott. ST
’. . - :

-
P
-

© Coliper log Indicoted severc!
eroded zoncs with maximum
hole enaolrgements of 21 in
ot 428 11, 18 in of 810 {t
and 14,25 (n af 1218 fi.

¥ fiuid densily log indicoled
fluid level of 1193 f(t,

M 2.875 in OD tubing with 12
ft screen sub londed on fill
of 1365 {4,

9408020168 — /O -



Ladii T4

.
i
!
{
!
{
t
i
(
1
13
{
!
H
i
i

i
.

i
'

L TN

CEMENTING AND CASING INFORMATION

v e e e B P B S L ot S et
—— s o o s et o

Annulus cemented with 162 ﬂ; of! Redi-Mix
cement from 53 It to surfcce,

oD = 1D 253 in

1D 5 10 S50

I = ©C 35C n
Set ot 52 1t

Us
GENERALIZE

(From Fenix

s T,

.6.0 - R .

N



V WT-7

) DRILLER'S LOG
ind Scisson, 1986a)

sl k
DikWE TER
levelio~.- 3328 8 ¢

cooe

{11y Looss fill

H*Y

Ay

ML

B ]

'HOLE INFORMATION

.,.,._,...
I .

i @) Cotiper log indicoted hole

' erosion fo 1292 f* with mox-

imum hofe enlargements of
29 in at 212 {t ond 20 in
ot B25 ft,

§ Hard formation encountered
from 230 to 246 f1,

|

|

i

" \/ Fluid density log indicoted
tiid lave! ot 1380 ft.

- Ml 2.875 in OD fubing with 12

it screan sub larded on fill
ot 1579 f1,

|
|

1 o i omn b < o e bt e s i it )

9408020168 ... \\

e

I 822 2° 0 44

-

O




APPENDIX C

GEOLOGIC DESCRIPTION AND CROSS SECTIONS
THERMAL/MECHANICAL STRATIGRAPHY



Appendix C

Geologic Description and Cross Sections
Thermal/Mechanical Stratigraphy

This appendiy provades a basic understanding of the physical and chenycal moditications that
occut W vartons amts ob utt tollowing deposition. These units include the Tiva Canyon
Member. the Yueca Mountain and Pah Canyon Members, the Topopah Spring Member, and the
tuttaceous beds of the Catico Hhills There are three types of deposition that occur at Yucca
Mountatn: ash talle winel s deposited ditectly from the airs ash flow, which contams tigh
tempetture mintures of gas and pyrochastic materials and flows down the stope as an avalanche:
and bedded and reseorhed wtts, which torm from the erosion and redeposition ot either the ashe
tall or the ash tow attss Aoy this section presents crossesections through the potential

e istlentn bl ik

C.1 Tiva Canyon Member

Fhe basal pottion of this member consints of ar-fall tatt marking the mitial stages ot crupuon,
Fhis peation ot the member s nonwelded and vitaally unaltered, with slightly altersed thyohie
statds and pumice purechasis deimed the cose Overlyving this nonwelded it is g densely
mcluded vitne tatt cBasheer abll TON200 Above this is o devitrified zone, the central portion of
which mctudes the hackiy . hower Tithophysal clinkerstone and the upper Lithophysal zone. At the
top ot both the Tiva Canvonand the Topopah Spring Members is the caprock umt, which
exbihirs dow values of porosity 2 10 3 percenti and high values ot bulk densitye Fhe caprock
utit o the Diva Canvon appears to be absent trom much of the actual potentid tepositors site
CRavtman and Fhint 1992,

C.2 Yucca Mountain and Pah Canyon Members

Phe nonweblded it between the Tiva Canvon and “Topopah Spring Members s nypacally
constdered the Pamtbiash nonwelded it 10 mcludes the nonwelded and partially welded base
ot the Tiva Canvon NMember, the Yucca Mouantain Member, the Pah Canyon Member, the
nonwelded and parpalhy welded upper part of the Topopah Spring Member, and the associated
Bedded tutt Putis ot this umit are generally vittie, nonwelded. sery poroos, shightly indunated,
ated in part Bedded oMontazer and Wilson, 19830 Within the potential tepository snea, the
cumulative thichness zencrally thins 1o the southeast,

Fhe Yucca Mountam Member s g nonwelded 1o partially welded ash-flow watf.  In borehole
USWG-20 0 consints of a basal, reworked, bedded wft overlain by siv subunits, These watts are
wnong the most heghly altered, some containtng between 30 and 60 percent smectite. The Pab
Canyon consits of o thing seworhed, ar-fall taft overlain by five ash-flow subunits (Bish et al.,
TONZ This sequence tons g aingle coolimg unit, with o moderately welded central zone. Bish
et al, (192 desanbe this member as tollowss the upper and Tower portions contiamn fresh glass,

and the eroundimass ghissom the upper vitne zone s penasively altered o smiectite However,
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the lower vitriv zone contains more smectite (up to 50 percent) and less glass than the upper
zone. Between the upper and lower vitrie zones is a zone of devitrification and zeolitization tha
coincides with & zone of moderate welding,  The presence of zealites is unusual this far above
the water table and s not o pervasive occurrence,

C.3 Topopah Spring Member

Fhe Topapah Spring Member is @ compound cooling unit made up of multiple ash flows, 1o
general, this member is oide up of a thick. densely welded erystallized interior, Tt contains a
thin upper vitaphyre and a thicker lower vitrophyre. “The lower or basal vitrophyie consisis
predonumantly of unaltered, densely welded, rhyoline glass with a silica content of 74 10 77
percent (Fov et ab, 19900 1t grades downward into moderately welded to nonwelded ash-tlow
and reworhed titt and grades upward into the thick, densely welded interior of the member. The
upper vittophyvie grades upwand into moderately welded to nonwelded ash-flow bedded att.
Beneath the upper vitrophyre as the thick, moderately to densely welded. devitrified, vapor-phase
altered ash tlows,  Lithophysal cavities are abundant in the arcas of intense vapor-phase
development. These cavities are 1 1o 3 emin diameter and occur in discrete zones near the
mrddle of the member. The apper Bithophysal zone contains the most cavities, contithuting an
additional 10 1o 30 percent porosity (Fox et al, 1990). Furthermore, these lithophysal cavit
somes are generadly continuous but vary appreciably in thickness and stratigraphic position
ANontazer and Wilsan, 1983 Fractures are common in the middle and the lower portions of
the centtal menor zone. The fracture filling varies from calcite or silica to none. The
lowermaost portion of the Topopah Spring Member is a partly welded to nonwelded, heavaly
zeolitized ash Tow (Bish et all, 182y,

C.4 Tuffaceous Beds of Calico Hills

The wtfaceous beds of Calico Hills are dissimilar to many other units because they are not only
mainly ash-tTow et but also consist of bedded tair-fall) and rhyolitic flows (Scott et al, 1YS3),
They are vartable and are comprised of up to 16 nonwelded. zeolitized ash tlows with thin,
bedded 1o massive, reworhed and air-fall wiffs separating cach of the ash flows (Bish et al.,
1982). Both varic and devitrified facies occur within the Calico Hills nonwelded unit. Alteration
products in the devititied facies include zeolites (most abundanty, clay. and calcite (raren,
Because of the pervasiveness of the zeolites e the devitrified facies, it is referred 1o as the
seolitic facies. The thickness of the zeolitic facies penerally increases from the southwest to the
northeast beneath Yucea Mountain, While the vitric facies bencath Yucca Mountain tend to
increase 1rom the northeast to the southwest. Both facies are very porous, with a mean porosity
of about 37 percent for the vitric and 31 percent for the zeolitic facies (Montazer and Wilson,
TUSh,

Following deposition, modifications to the tufts depend on the temperature and  pressure
conditions, rate of cooling, original composition ot the tatf. thickness of the tffaceous deposit,
and subsequent esposure o groundwater  As a result, the maoditications that can result mclude
the tollowimy:




« Varying degrees of welding, ranging from nonwelded to densely welded tatt

« Petrographic dilferences in the wff, which can be classified on the basis of thiee
physival components - glass, erystals, and lithic fragments

+ Lithophysae development

«  Fracture development

« Digenctic alterations of the T, including smectite and zeolite development.
Each of these modifications to the geology must be considered during the design, emplacentent,

and evaluation of cach borehole seal for the YMP, Detailed geologic and drillers fogs tor
numetous boreholes are presented in Appendin B,
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APPENDIX D

CORRELATION OF BOREHOLE WALL CATEGORY
WITH THE STRATIGRAPHY FOR SELECTED BOREHOLES




Appendix D

Correlation of Borehole Wall Category
with the Stratigraphy for Selected Boreholes

Introduction

Selected borehole video logs were reviewed as a direct means of assessing the wall condinon.
Boreholes were sefected based on their Tocation and the availability of borehole video logging.
Nine tocations were selected over @ broad area to capture @ range of subsurface geologie
conditions,  Following o prelimmary review of all video fogs, a classification scheme was
developed based an smoathness of the borehole wall, lithophysae presence, degree of fracturing.
and hole ealargement. The qualitative criteria for the classification scheme are:

o Catezory 1 Excellent typically symmetrical hole with g smooth surface: no hole
enlargement: none to few lithophysae: no pronounced fractures: minor “pluckouts.”

o Categor, C200 Good, typically symmietrical hole with a smooth surtace: hole
enlargement smadl or intermediate but infrequent: none to few fractures: unitornm
Iithophy s can be present,

o Category C3, Poor, typically o rough surface: hole enlargement is intermediate and
frequent. but it is possible for hole to be symmetrical: lithophysae can be prevalent.
large. and nonunitormly distributed: fractures are frequent.

o Category C4. Extremely poor, typically a nonsymmetrical hole having an extiemely
regular surface: hole enlargement is large: large lithophysae can be present:
tractures are frequent and pronounced.

FolHowing this tnitial swep. cach of the borehole video logs were reviewed in detaif, and sections
of the borehole were placed in the C1C20 C3 or C4 categories of the report, Additionally,
these citegories were correlated with a simplified stratigraphic log. More detailed information
on the results of video-logging is presented in Chapter 3.0 and in the correlations in Figures D-1
through D-100 Additionally, Tubles D-1 through D-10 contain a summary of the percentage o

Trtermedinte hole enfreement s equinalent tooap tooone-hall of the hole dameter Laree Dole enlargement s
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for cach suatigraphic unit for which video was available.  Based upon these categories, the
generalized hole conditions were found to be as follows:

A high pcrcémugc of Categories C3 and C4 oceur in the densely welded. desitritied
wif in the Tiva Canyon and Topopah Spring Units,

Category C1 oceurs in the Paintbrush nonwelded tuf'.
Categoties C1and C2 oceur in the upper portion of Topopah Spring Unit.

Categories C1and C2 oceur in the nonwelded vitric and zeolitic portions of the
Calico Hills Unit.
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Generalized Stratigraphic Log
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