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EXECUTIVE SUMMARY

This report prepared by a special working group (WG) aucthorized by :ne
Exploratory Shaft (ES) Interface Control Working Group (ICWG), provides |
recommendations for the :2ismic design paramecers for the design of the
shafts associaced with the Exploractory Shaft Facilicy (ESF) of the proposed
nuclear waste repository at Yucca Mountain, Nevada. Alchough direccly
intended for design of ESF shaft liners, much of this design basis is also
appropriate for seismic design of other shafts and underground structures
vhich do not affect public safety. The reccmmendations include paramecers
for both natural elrthquakes that may possibly occur at or near the
repository site and for underground nuclear exploszions (UNEs) which are
regularly detcnated at the Nevada Test Sice (NTS). An evaluation was
conducted very recently to determine the functions which the shafts musc
perform during the pre-closure period of the repository facilities. Based
on this evalustion together with the results of sctudies conducted to
support the conceptual design for the sice characterizacicn; it was
concluded that the shafts need only be designed adequately to provide for
worker safety. A failure of the ES will not affect the public radiclogical
safety. -

Specifically, the recommended control motion values which are to be
applied at the surface are: '

Earchquake:
Maximun Horizontal compenent of acceleraction - 0.3 g
Maximun Vertical component of acceleratien - 0.3 g
Maximum Horizontal componenc of velocity - 30 em/sec.
Maxizum Vertical component of velocity - 20 cm/sec.

114
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Maximum Vertical component of acceleration - 0.2 g

Maximym Radial component of acceleration -0.1¢g
Maximum Transverse component of acceleration - 0.1 g
Maximum Vertical component of velocity - 9 cm/sec.
Maximum Radial component of velocity - 12 cm/sec.
Maximum Transverse component of velocity - 12 cm/<ec.

An evaluation of faulting potencial at the ES site and its vicinicy
indicates that the annual probability of faulting in excess of a few
 centimeters (5 cm) {s less than 10°% per year. On the basis of this, the
report recommends that faulting effects need not be considered in the
design of the ES. Further, the report alsoc provides specific guidance for
deternmining or provides (i) the ccntrol moctions at depth, (ii) the material
properties for the different rock layers relsvant to seisnic design,

(1ii{) the strain tensor for each of the wave forms and the maximua strain
components along the shaft liner, and (iv) the method for combining the
different strain components along the shaft liner. Finally, te provids
furcher assurance that the design has adequate conservatism or margin to
accommodate any uncertainties such as site effects, the WG recommends thac
the performance of the exploratory shaft be confirmed using best estimace
conditions when subjected toc ground moctions that are a factor of 1.67 ctimes
the proposed design basis motions. This evaluation for the larger motions
should provide assurance that che major damage of the ES is not expected at
these levels. ' '

The report also lists the assumptions and ocher conditions used to
develop the recommendations. In devniopin; the hailg for che
recommendations, the WG utiliz:4 currently available site-specific seismic
and geologic daca. In'tecognition of cthe uncertainties in these data, the
seismic design parameters recommended include & reasonable degres of
conservatism and are consistent with the seiszic design requirementcs used
for similar types of facilities.
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1.0 INTRODUCTION

This report was prepared by a special Working Group (WG) authorized bv
the Explo%acory Shafc (ES) Interface Control Working Group (ICWG). It
provides recommendations for the seismic design parameters to be used for
the design of the shafts associated with the Exploratory Shaft Facility
(ESF) of the proposed nuclear waste repository at Yuceca Mouncain, Nevada.
In developing the basis for these recommendacions, the W(’ utilized
currently available site specific sefsmic and geclogic daca. 1In
recognition of the uncertainties in these data, the seismic desgign
parameters recommended include a reasonable degree of conssrvatism.

Thers are two shafts in the ES facilities configuracicn. These shafts
have a twvo-stage sarvice life. Firsc, they will support site characteriza-
tion by providing access, vencilation, utility support, and emergency
egress from the underground test areas; secondly, pending results of site
characterization, the shafts will bs converted to support repository
operations as intake ventilation shafts, a function they will perform uncil
repository closure. As discussed in the baselined Generic Requirements for
a Mined Geologic Disposal Sy;:qm (OGR/B-2), four parmanent iteazs have been
idencified that shall be designed, procured, and constructed to be
incorporated into the repository. The permanent items include underground
openings, operational seals, ground support, and shaft liners. The seismic
design recommendations included in this report relate to the above
peranent items as appropriate. Other items and structures in the ESF will
be degigned using other requirements like those of the Uniform Building
Code (UBC) (Reference 24).

During the cperatiocns phase, the ESF shafts will supply approximately
60 percent of the total air flow needed to support wasce emplacement. The
remaining air needed is supplied through the vaste ramp. Exhausting fans
on the emplacement exhaust shaft maintain pressures in the eaplacement area
lover than the pressures in the developmenc (mining) area.

SRS

Concrete liners will be installed in the exploratory shafts concurrent
with ctheir sinking. Their functions are:

.1-




» to provide effective structural support to the ground

+ to eliminate minor rockfall hazards

+ to provide a dimensionally consistent cross-section and scable
anchorage for installation and alignmenc of shaft equipment

+ to provide a low-friction surface for efficient ventilation
throughout the life of che repository.

Neither of the exploratory shafts will ac any cime, bDe used tec handle
radiocactive waste. Additicnally, the liners are not intended to serve as
barriers to radionuclide migration or to entry of water into the repository
eicher during operations or after closure.

The shafts are located in unsaturated geologic formations and are not
expected to penetrate any aquifers at the site. Further, any perched water
zones encountered during shaft sinking are expected to drain fairly
quickly. Thus, the shaft liners will not be required to prevent or contrel
ground water inflows into the shaft. The construction joints between each
concrete pour are net planned to be water tight.

If one or both of the exploratery shafts vere to be completely blocked
due to a fallure of a shaft liner (which is highly unlikely), the emplace-
ment area would still be under negacive pressure with respect to the
development area, and the ventilation leakage path would be maintained in a
direction towards the ezplacement area. If a vaste canister were to be
ruptured simultaneously with the failure of the ES shaft, any potentially
contaninated air wvould still be exhausced via the emplacement exhaust shaf:
through HEPA filters (Reference 25). At this tims, no credible accident
scenarios have been idencified whereby failure of the shaft liner could
result in a release of radiacion. Therefors, public safety does not appear
to be an issue in shaft liner design.

In addition, a preliminary analysis has been completed teo determine

which structures, systems, and components are important to public
radiological szfory;. This analysis Lis described in Reference 26. Resulcs
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of this analysis indicate that there &re no shaf: structures. systems, and

components identified as important to safecy.

Thesé¢ discussions {ndicate that the ES (especially the liner), is notc
an "essencial” or even a "low hazard"” facility (i.e., a facility which does
not handle or process plutonium) as defined in Reference 1. Based on these
reasons, it is justified to design the exploratory shaft liner as a
structure which is only‘required to provide worker safecty. i.e., the
permanent items such as the liner associated with the exploratory shafcs
need not be dasigned as items important to provide public radioclogical
safety, but need to be designed only for a level of seismic input that is
sufficient to ensure worker safety and reasonably uninterrupted funcéions.
a level that is consistent with thoss used for other similar types of
facilities. However, the seismic design basis recommendations in this
report for the ES are consistent with those required for a low hazard or
essencial facility, and hence, judged tec be more conservative than what may
be required. Other non-permanent items and structures in the ES facilicies
will be designed using other requiremencs like those of the Uniform
Building Code (UBC) (Reference 24).

The recommendations for the seismic design basis parameters given in
Section 2 and 3 of this report are based on the discussions in the
preceding paragraphs. The recommendstions will include ground motien
parameters for both natural earthquakes that may possibly cceur at or nespr
the site and for undsrground nuclear explosions (UNEs) which might occur ac
the Nevada Test Site (NTS).

Section 2.0 of this report provides the recommendations for
characterizing the wvave motiocns aleng with conditions and assumptions used
for the development of centrol motions for natural earthquakes. Seccion
3.0 provides the same for UNEs. Section 4.0 describes the rule to be used
for combining the maximum strains (responses) due to the different wave
components. Section 5.0 dascribes the strain tensors including bending
strains for each of the pr.: sting waves due to esarthquakes and UNEs which
should be considered in the design of the ES. It alsc describes the
determination of the worst strain combination case for use in the design.

-3
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Section 6.0 identifies the recommendations for the rock properties for the
stratigraphy at the ES site. Seccion 7.0 presents the WG recommendations
regarding consideracion of potential faulc offsets at the site for che ES
design. finally, the report contiains appendices supporting the WG

recommendations.

It i{s noted here that the seismic design basis conctrcl moctions being
proposed for the ES are consistent with the values of effsctive peak
acceleration in ATC-3 (Reference 30) map from which UBC (Reference 24)
Zones 2 and 3 are derived for the design of an essential facilicy. In
addition, the proposed recommendations in this report are also consistenc
with the requirements for important low hazard facilicies as called ocut in
References 1 and 2. 1In Reference 1, the use of UBC requirements for
seismic loads for such facilities is recozmended. Furcher, the seismic
design basis motions being proposed for the ES are similar tc thoss for
nuclear power plant structures, systezs and components chat may be required
for operation of the facility, but which are not important toc public
safety. They need not be designed tc seismic Category I requirements, as
per Reference 3. The Standard Reviewv Plan recommends the use of other
industrial codes lika those from American Petrcleum Institute (API) and
American Water Works Association (AWWA) both of which utilize UBC type
requiremencs for chese structures. '

2.0 GROUND MOTION DUE TO EARTHQUAKES
2.1 Iacreduction

In Section 1.0 it is concluded that the Exploratory Shafc Facility
(ESF) need not be designed as & facility important to public radiclogical
safety. Based on this, the Working Group believes that the ESF design
should consider carthqﬁako ground motions (vibratory ground metion and
faulting) that are reasonably likely to occur during the cperating lifetime
(less chan 100 yr) of the ESF. Specifically, the Working Group recommends
consiéggfgiqn of ground motion conditions that recur at average intervals
of about one thousand years, i.e., with about one chance in ten of

occurring during the maximum operating life. This would result in more
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conservative values of vibracory ground moticns than those given in
Reference 30 upon which the UBC (Reference 24) is based.

In June of 1987, design and evaluation guidelines for DOE facilities
subjected to natural phencmena hazards were prepared (Refrrence 2). fhese
guidnlinel recommend thac for mission dependent facilities (where
confinement of contents is not essenctial) that a hazard exceedence
probability of 1E-3 be used (recurrencs of 1,000 years). ‘Thesa guidelines
have been incorporated intc a draft revision of Reference 1 which wag
published in January of 1988. The ESF seismic design recommendation is
also consistent with this draft revision.

Deterministic methods are appropriace for establishing conservative
levels of ground motion for consideration in che ESF design. Probabiliscic
methods are appropriate for confirming that the resulcing motions are

unlikely to be exceeded during the operating lifetime of the ESF.

2.2 Relevant Earthgquske Scurces

As discussed in Section 7-2, faults in the immediate area of ESF
includihg the Ghost Dance fault appear to slip at incervals measured in
tens of thousands of years or longer and, therefore, are an unlikely source
of significant earthquaks ground motion during the operacting life of the
ESF. The average slip rate on local faults during the late Quarternary
period appears co be less than about 0.02 mm/yr (Carr, 1984-Reference 5).
The average recurrence time for magnitude 5 1/2 (potentially damaging)
earthquakes on a fault with a slip rate of 0.02 mm/yr exceeds 10,000 yr
‘according to a relationship develcped by Slemmons (1982) in Reference §.
Larger magnitude earthquakes (M greater than 5 1/2) would chus have
recurrence intervals of longer than 10,000 years, possibly as long as
100,000 years. Geclogic evidence suggests that slip on one of the more
significant local faults, the Windy Wash fault, results from earthquakes
that ptoduéc ten centimeters or more displacement per event at rscurrence
intervals of seve: tl: zens of thousands bf*yciihi¥ﬁh1cnoy et al., 1986,
Reference 10). Although an earthquake of magnitude § or smaller might
occur on a local fault during che operating life of the ESF, such evancs

.s.



are not known to significantly damage well-engineered structures. I[n
addition, experience with underground facilities inc :aces that earthquakes
of magnitude less than about 6.0 are not expected to cause significanc
damage :a'undergrounﬁ facilicies (Pratt, et al., 1978, Reference 8).

The north-trending Bare Mountain faulc, located about 1lé km west of
the exploratory shaft, appears to be the most likely source of potentially
severe ground shaking during the lifetime of the ESF. Tv.ls fault may have
an average Quarcernary slip rate of up to 0.15 mm/yr (Reference 12), which
indicates that chis fault is much more active than faults local to Yucca
Mountain. Applying the relationship of (Slemmons, 1982, Reference 9) to a
fault with a slip rate of 0.15 mm/yr indicates a minimum recurrence
interval of about 6,000 yr for a magnitudse 6 1/2 earchquake. Based on this
and other considerations including the fact that site ground motions
derived from this earthquake are roughly comparable with those frem
suitably conservative probabilistic hazard analyses (References 11, 13), a
magnicude 6 1/2 earthquake on the Bare Mountain fault is used herein as the
determiniscic basis for establishing ground motion conditions to be
considered in the design of the exploratory shaft facilities.

2.3 contrel Valyes for Pepk Ground Mocions

Ameng the many parameters that influence ear:hqu#ko ground motion,
earthquake magnituds and source distance appear toc be the most importanc.
Many strong-moticn recordings have been obtained within 20 km of several
earthquakes in the magnitude range 6 to 7. Evan though none of these

earthquakes are perfect anzlc;: for conditions at Yucca Mountain, the range

of observacional data {s adequate for direct extrapolaction.

Regression relacionships becween peak ground-motion parameters and
earthquake magnituds, source distance, local site conditions (e.g., rock or
soil), and other parameters have been dsveloped by a number of workers (see
the references found in Campbell, 1985, Refersnce 28). Twn recent and
representative sets of regrestion relationz for poek hesi-: nttl
acceleration and peak horizoncal velocity are those in Joyncr and Fumcl
(198S) and Campbell (1987), (References 4,6). Results obtained using chese
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relacionships are presented in Table 2.1. The results assume reverse and
thrust mechanisms for conservatism and chat the surface trace of the Bare
Mountain fault is 16 kam from the ESF location and that the fault is planar
and dips eastward at an angle of 70° from cthe horizontal, the midrange of
current estimates (Reference 12). More discussions on this conservacive
assuzption may be found in page 9. For the Campbell (1987) relacionships
given in Reference 4, the closest distance to the zone of seismic energy
release, R, was conservatively taken to be the closest d{.itance to the
fault plane, 15.0 km. For the Joyner and Fumal (1985) relationships given
in Reference 6, the distance, d, to the surface projection of the rupture
zone was estimated at 10.9 km by assuming a maximum rupture depch of 15 knm:
a shallower rupture depth would increase the distance and reduce the
estimaced mocicns.

Based on the reasults in Table 2.1 and cther consicsrations such as
probabilistic hazards, the Working Group recommends that 0.3 g and 30 cm/s
be used as controcl values for peak horizontal acceleration (larger of two
randomly oriented horizontal components) and velocity, respectively. The
use of the larger of two randomly oriented horizontal components is more
conservative than the use of the average cf the two cozponents by about 13
nercent (Reference 4). Standard practice for defining the design vib:atoiy
ground motion for nuclear power plants is to use both of the horizontal

components.

" Standard enginsering practice is tc set vertical ground-motion values
at twvo-cthirds those of the horizontal values. This approach would probably
be adequate for peak scceleracions from a magnitude 6 1/2 earthquake at a
distance of about 15 km. However, a number of recently obtained close-in
recordings of strong motion from large earthquakes have evidenced vertical
peak accelerations equal to or even exceeding the peak horizontal
accelerations (Shakal, et al., 1986, Huang, et al., 1987-Reference 19, 20).
In light of the marginal probability of large vertical accelerations from
an earthquake on the Bare Mountain fault and the marginal probabiliry of an
earthquake on one of the closer faults (which'could be ¢xpected o zanerate
vertical accelerations on the order of the horizontal accelerations), the
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Working Group deems it prudent to assume equal peak values for horizoncal
and vertical acceleration, namely 0.3 g.

Empisical observations indicate that ground velocities do not exhibi:
such near-field increases in the relative amplitude of the vertical
components due in part to the relatively lower frequency content associated
with ground velocity as compared with ground accelerations. Consequencly,
the standard practice of setting the vertical component ar 2/3 the value of
- the horizontal compenent is used to establish a control value of 20 cm/s:
for the vertical component of ground velocity.

Whereas earchquake ground shaking results from a myriad of seismic
vaves, the peak motions are expected to be dominated by waves that tolléw
the most direct and efficient route from the ca::hquake source. As
discussed in Appendix A-l, the largest amplitude vaves are expscted to
emerge at a steep angle, within 30° of vertical, at the ES location.

These body wvaves include longitudinal P waves and two types of transverse
S wvaves: horizontally polarized SH waves and orthogonally pﬁlarizcd sV
wvaves with a vertical component of moticn. Because the ratic of P-wave to
S-wave velocities in the earth’s crust is nearly constant (ranging from
about 1.6 to 1.7), the threc types of body waves (P, SH and SV) are
expected to emerge at about the same angle. Futhermore, because of the
characteristics of earthquakes wvaves, the vertical component of peak motion
can be assoclated with P waves or SV waves, and the horizontal componencs
can be associated wvith SH and SV waves. It should be noted howaver, that
the amplitude of steeply emorging SV waves is constrained by the peak
horizoncal motions and {s therefore limited in its contribution to the
vertical motion.

2.4 Cchecks on Design Rasis Mocions

Two reconnaissance probabilistic seismic hazard analyses for Yucca
Mountain support the adequacy of 0.3 g as a control value for peak
horizontal acceleration. FProbabiliscic seismic hazard analysis incegrates
the contribucion of all known faults and seismic source zones to the
probability of exceeding a particular ground motion level and, thus, is a
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useful means of confirming the adequacy of deterministically derived
estimates. A reconnaissance assessment of probabilistic earthquake
acceleracions at Yucca Mountain by Perkins, et al. (1987) in Reference 12
indicaces that a peak horizontal acceleration of 0.3 g has a return period
of about 1,500 to 3,000 yrs. A sensitivicy study by URS/Blume (1987) in
Reference 11 suggests a return pericd on the order of 1,000 yr for 0.3 g.
Both analyses are subject to very large uncertaincies but tend te confirm
that 0.3 g is a conservative estimate of the peak horizent.l ground
acceleration that is reascnably likely to occur during-thcvoporating
lifecime of the ESF.

2.5 [Facctors That May Influence Cround Motion

In addition to earthquake magnitude and discance, the factors that
most influence ground motion include: source type (normal, reverse or
strike-slip), rupture dynamics (directivity and variability of stress
release on the fault surface), transaission-pacth effects (wave scattering,
attenuation, multi-pacthing and dispersion), and site geclogy (topography
and vertical and lateral variations in soil/rock densicies seismic
velocicies and Q values). Considerations of each class of fnflusnces ars

discussed next.

The Bare Mountain fault is & Basin and Range, range-front fault (Carr,
1984, Reference 5), with a normal or oblique-normal sense of slip. McGarr
(1984) (Reference 7) has suggested that normal faulting occurs at lower
stresses than strike-slip or thrust faulting and cthat normal-fault events
are less ensrgecic at high frequencies than earthquakes with scrike-slip or
thrust mechanisns. Since the large majority of data that constrain the
empirical relationships used in Table 2.1 are froa strike-slip and thrusc
earcthquakes, the use of these relationships would result i{n the direction
of added conservatism in the predicted design-basis motions. The Campbell
(1987) (Reference &) pesk ground motion regressions used in Table 2-1 take
intc account fault type (strike-slip or reverss and thrust). In order to
provide margin for possible re-evaluatiocn of the tectonic environment by
on-going geologic and geophysical studies, the WG has used Canmpbell’s '
rcgre:siéns for reverse and thrust earthquake mechanisms. Joyner and
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Fumal’'s regressions do not provide for a distinction in ground motion due

to source mechanisam.

Effedts of rupture dynamics are most influential at distances closer
than those being considered here. Clecse-in strong-motion records sometimes
evidence (J. PF. Singh, Reference 31) anomalous or at least idencifiable
motions that can be sttributed to irregularities in che rupture process or
to focusing (or defocusing) that results from the approaciing (or receding)
rupture front. J. P. Singh (Reference 31) has written about this and his
general conclusions seem to be that the near-field behavior produces great
variabilicy in individual parameters, no one of which i{s sufficienc to
account for the variability in near-field damage, nor is {t possible to
estimate near-field spectra by using these paramecers to set the levels of
spectral shapes based on local site conditions. Individual near-field
spectra have to be estimated in a site-specific, rupture specific way.
Major effects in the near field are due to "enhanceaent of the long
duracion pulse called the ’'fling,’ which is related to the elastic rebound
on the fault, and . . . compression of the duration of the strong shaking
in the direction of rupture propagatien.” The long duracion pulse is
probably most important for damage to longer pericd structures. As for the
effect of direction of rupture propagation, Singh does not discuss whether
the near-field ground moticn parameters have greater means or medians than
prediccted by current attenuation funccions if the rupture propagation
direction {3 not known, even though higher ground motions fer an
approaching rupture and lower ground motions for a receding rupture should
be expected. As for the expected effects ac the ES site, since large
normal-faulting earthquakss typically initiace at depth and propagate
upward (Smith and Richins, 1984, Refersnce 21) awvay from the site in this
case, any bias dus to rupture dynamics is expected to reduce ground motions
at the sire.

Data are not yet available to evaluate the possibility of local biases
in the regional seismic-wave transmission characteristics. There are scme
indications that vaves may transmit more efficiently in the southern Great
Basin :hanain California, where most of the relevant strong motion data
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have been recorded (Rogers, 1987, Reference 22). However, the effects of
regional differences in attenuation scale wich distance and are probably

not significant at source-receiver distances around 15 km. Alse, the soil
conditions cthat are generally associacted with increased earthquake motions

are not present at the rock sice.

Perhaps the biggest single source of dispersion in the observations of
earthquake motions results from the effects of the local geclogy. Based on
Campbell’'s (1981) estimates in Reference 23 for dispersion from all |
sources, a site that amplifies motions more than 84 percent of all sites of
the same classificacion (i.e.., a mean-plus-one-scandard-deviation site)
could result in peak motions about one and cne half times as large as the
hypothetical average site. Conversely, a site that amplifies motions less
than 84 percent of the sites (i.e.. a mean-minus-cne-sctandard-deviation
site) could attenuate moticns by a factor of about two-thirds.

Addictional consideracticns are identified below to accommodate possible
uncertainties in the determinacticn of ESF design moctions.

2.6 [Fugther Recommendations

Uncil determinacions of local site factors are available, added
conservatisa is warranted toc compensate for this source of uncerctainty.
Spdcifically. the Working Group recommends that nc credit be taken for
attenuation of ground motion with depch below the ground surface nor for
the reducction in seismic strains due to the stress-free boundary condition
at the ground surface. Available surface and downhole recordings of
motions in the area of Yucca Mountain from underground nuclear explosions
have been coapiled in Appendix A-4 and indicate a reduction in ground
moticns wicth dapth.

Finally, te provide further assurance that the design has adequacte
conservatisa or margin to accommodate any uncertainties such as sice
effects, the Working Group recommends that the performance of the
exploratery shaft facilicy be evaluated using best estimate conditions when

-11-




Rev. ¢

subjected to ground motions that are a factor of 1.67 latgél: than che
design-basis motions, f.e., for a peak horizontal acceleration of 0.5 g and
a peak ho:izon:;l_volocicy of 50 cm/sec. This evaluation for the larger
motions should provide assurance that major damage of the ES is noc

expected at these ‘g’ levels.
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Table 2-1

Predicted Peak Ground Motion Values at che ES Site for an
Earthquake on the Bare Mountain Fault and Recommended Peak
Ground Motion Values for Consideration in ES Design

Peak Horizontal Acceleracion(l) Peak Horizontal Velocity(l)
ESF Design ESF Design
¥ J&F-85(3)  c.87(2) Basis J&F-85(3)  ¢.g7(2) Basis
6.0 0.21g 0.19g 11.9 ecnm/s 10.8 cm/s
6.5  0.27 0.26 0.30g 20.9 16.8 10.0 ca/s
6.7 0.31 0.30 27.8 20.7 .

(1) Predicted median (most probable) peak ground mocion values (larger of

two randomly orienced components) at the £S site from an earthquake on
the Bare Mountain Faulc.

(2) Campbell (1987), "unconstrained” model; acceleration values have been
increased by 13 percent and velocity values by 17 percsnt to convert
from mean of two components to larger of two components. The closest
distance to zone of ssismogenic rupture, R, {s taken as the cleosest
distance to the fault plane, 15.0 knm, assuming a 70° eastward dip.
For conservatism, higher values corresponding to the assumption of a
reverse or thrust mechanism are calculacted.

(3) Joyner and Fumal (1985): distance to surface projection of fault
rupture, d = 10.9 kn, assuning a 70° eastward dip and 15 km maximum
rupture depth. Joyner and Fumal do not attempt to obtain distince
regressions for different source mechanisams.
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3.0 CONTROL MOTIONS FROM UNDERGROUND NUCLEAR EXPLOSIONS

The control motions from the design basis underground nuclear
explosion {(UNE) are specified in this section. In addicion, background on
the design basis UNE and the various assumptions made in the specificacion
of ground motions are also included. Backup material and additional
references are provided in Appendices A-2 and A-4. |

The nuclear waste repository to be located in the Yucca Mountain is
adjacent to the Nevada Test Site (NTS). The repository must not limit the
ability of the United States government to test nuclear weapons. The
definition of the design basis UNE must reflect this position. Therefore,
the event chosen has to produce the maximum ground motions at Yucca
Mountain for the maximun credible yield for any given ares (regardless of
current or future treaties). Figure 3-1 shows the current and proposad
testing areas at NIS and their relationship to the Yucca Mountain Area.
Vortman (Reference 14) usad the results of a 1977 USGS real estate
availability study of several areas of NIS and che upper yield limits
established for these areas by the Ground Motion aﬁd Seismic Evaluation
Subcommittee to define the design basis UNE for the repository sice. The
yield limits were based on offsite damage cricteria with special emphasis on
damage in Las Vegas. Given the areas selected and the yleld limits
establishid. the design basis UNE was chosen as a 700 kt event at a
distance of 22.8 km. This event is the largest yleld at the closest
practical point (froa a UNE fielding point of view) in the Buckboard Mesa
Area of NTS. This event results in the worst-case situation for ground
moticns at Yucca Mountain.

The prediction of peak ground motions for this UNE {s done with
empirical equations developed for the NTS. The major assumptions made in
the development of these equations are: (i) source ;colégy i{s considered
to be the same, and (ii) differences in cthe travel paths are ignored.

These equations are based on measured ground motion from many UNEs
conducted in th- “.ahute Mesa Area of NIS. The recording stations used were
from several areas of NTS including a few at Yucca Mountain. Equaticns
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fitcing this data wvere developed using standard linear regression analysis.
An evaluation of the ground motion data recorded at Yucca Mountain
indicated that cbserved ground motions at Yucca Mountain were larger than
predicted-using the prediction equations; however, the underestimation of
the ground motions vas within the expected accuracy of the prediction-
equations ({.e., within the expected accuracy of the mean of all
cbservations at the site). Future vork to be compleced as part of sice
characcerizaction will invescigate if ground motions in th. Yucca Mountain
region are larger than other regions in the Nevada Test Site. This work
vill include an accurate confirmation of accelerograph recording site
conditions and an assessment of the representativeness of UNE attenuacion
equations. In order to provide a conservative estimate of UNE design basis
@ocions, the design basis UNE ground motion parameters specified are given
for a nonexceedance probability level of 95 percent (this corresponds to _
1.65 times the standard deviacion for a normal or lognormal discridution -
vhich increasss the most probable valuss by a factor ranging froa 2 te 4).
The mean values of the predicted ground motions and the recommended design
basis values are summarized in Table 3-1. Further discussions of the
prediction equations and the varicus references are given in Appendix A-2.

Assuxptions made and conditions used in the dsvelopment of the design
basis UNE are listed below.

+ Potential site effects at Yucca Mountain are not included in the
specification of the UNE design basis motions because they are not
quantified at this time.

e -No attenuation of ground motion with depth will be used in the
specification of design motions. This assumption i{s conservative.
UNE ground moticns are known to attenuate with depth at Yucca
Mountain (see Appondix A-4). This assumpcion along with the use
of design basis motions based on the 95 percent nonexcesdance
probability, makes the recozmended valuss conservative and should
compensate for th: potential site effacts.
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. The angle of incidence for ground motions from the UNE to the ES
is taken as ranging between 0° (vertical propogation) and 90°
(horizontal propagation).

4

. For nearly horizoncal propagation (60° to 90°) peak radial
response is primarily from P waves, peak vertical response is
primarily from the S, waves, and peak transverse response is
primarily from the Sp waves.

The incidence angle of the ground motions from UNEs are a function of
material wave speed through which the waves are travelling. At firsec, it
may appear that each ground motion component (i.e., P, Sy, Sp, and surface
waves) could have its cwn incidence angle. In practice, howvever, the
incidence angles (&) for all the components are essentially the same.

This stems from the vay in which the incidence angle {s calculated. This
calculation uses the change in the arrival times (At) of a component of a
ground motion frea two nearby stations, the distance (4x) betwsen the two
staticns and the material vave speed (v); i.e., @ = sin-l (atv/ax)
(Reference 15). For the same two stations (i.e., Ax 1ig constant), the
wave speed and At will change for each ground motion componenc. These
changes will be in opposite directions (as wave speed cdecreases, Aot will
increase). These differences will have a tandency to offset one another,
such that the incidence angle calculated will be about the same for all

cemponents.

This incidence angle can vary fream zeroc to 90 degrees. A preliminary
survey of the UNE ground motion data recorded at Yucca Mountain from Pashute
Mesa events indicates that the range of the incidance angle is generally
becween 10 to 50 degrees. However, because the incidence angle is also a
‘function of distance from the source and because the Yucca Mountain
recordings are at distances vhich are a facter of two more discant froa che
source than the design-basis UNE, there is a reasonably largs amount of
uncertainty in the definition of this angle for ES design. To provide
adequsts conservatism, incidence sugles recommended for use in this repctt.
are between zerc and 90 degrees. '
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The equations used for the prediction of UNE motions were determined
from che absclute pcak values recorded on the waveform. No effort was made
to determine a fit for each component (P, Sy, Sh, and surface waves). In
general, peak acceleractions observed in UNE recordings are associated with
the P-wave. Peak vertical and transverse velccity may be the result of
P-vaves or shear waves. All displacements are due to the surface vave
components. The design parameter of interest tc the ES is the peak
particle velecity. It is assumed that the velocity corresponding te the

P-waves is the same as che radial component of velocity and the velocities

corresponding to the Sy, and Sy waves are the same as the vertical and
transverse components cf velocities, respectively.
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Table 3-1

Rev.

Recommended Motions for the Design Basis UNE

——fGomponent
Vert. Accel. (g)
Rad. Accel. (g)
Trans. Accel. (g)
Vert. Vel. (cm/s)
Rad. Vel. (cm/s)
Trans Vel. (cm/s)
Vert. Disp. (cm)
Rad. Disp. (cm)

Trans. Disp. (cm)

Med{an Predicted

Value

0.05

0.03

0.03

4

Design Basis UNE Values
(95 percent nonexceedance
level or 1.65¢)

0.2
0.1
0.1
9
12
12
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4.0 COMBINATION OF INDIVIDUAL COMPONENT WAVE EFFECTS

Newmark and Hall (Reference 16) have suggested that peak effects from
the three:orthogonal components of earthquake input motion be considered o
be randomly phased relative to each other and thus be combined probabilis-
tically. They then go on to suggest that a conservactive and simpler
approach to this probabilistic combination can be obtained by abscolute
vector addicion of 100 percenc of the largest peaak effect, from any of the
three orthogonal conpénencs plus 40 percent of the peak effcc:s from each
of the other two components. This approach has coms to be known as the
100.40-40 Combination Rule.

This same 100-40-40 Combination Rule can be used for the combinatiocn
of peak effects from the individual P, Sy, and Sy component waves, so long
as these peak component effects can be conssrvatively or realisctically
treated as randomly phased relative to each other. Such an assumpcion is
reasonable and slightly conservactive for both earthquake and UNE centrol
motions. This point is illustrated by the following examples.

The earthquake control moticn peak particle velocities for the three
orthogonal components are 30 cm/sec, 30 cm/sec, and 20 cm/sec. Using the
100-40-40 Combination Rule, the absolute addition of these three orthogonal
components is given by:

v, -\J [VI]Z + (0.4)° [[vz]z + (v3)2] (4-1)

where V. is the combined vector sum, Vi is the largest orthogonal component
effect, and V2 and V3 are the other two orthogonal component effects.

Using Equation (4-1) togecher with the three orthegonal component peak
particle velocities leads tec a vector sum peak particle velocity of

33.3 cm/sec which is 11 percent greater than the largest individual
component peak particle velocity. Similarly, pesk particle accelerations
for the three orthogonal components of the sarthquake control motion are
each 0.3 g. Using Equatiocn (4-1), the vector sum pesak particle
acceleration is 0.345 g or 15 percent greater than the largesc individual

-20-
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component peak value. A review of actual earthquake records indicates thac
the peak vector velocities and accelerations tend to be only 4 percent to
12 percent greatef,than the largest orthogonal compenent velocities and
acceleracions (Reference 29), so that the recommended probabiliscic
combination of the control motions tends to be on the con:ervative side for
earthquakes.

Actually, this conservatism is increased somevhat by'the vay peak
horizontal and vertical control motions are convertad into peak P andAsv
wave particle motions for inclined waves. For wvaves that are inclined 30°
from the vertical, the P, Sy, and Sy penk'patticlo velocities for the
earcthquake control motions become 23.1 cm/sec, 34.6 cm/sec, and 30 ca/ssc,
respectively, which leads to a vector sum peak particle velecity for
Equation 4-1 of 37.8 cu/sec or 26 percent greater than the peak control
motion particle velocity of 30 cm/sec. Similarly, for cthe 30° inclined
vave case, the vector sum peak particle acceleration becomes 0.392 g vhich
is 31 percent greater than the peak control motion particle acceleration of
0.30 g. Thus, che combined effect of converting control motions to P, Sy
and Sy components and then combining these peak component effacts by the
100-40-40 rule introduces significant conservatism for 30° i{nclined wvaves.

Congservatisa also exists vhen the effects of the three defined
orthogonal coaponents of the UNE control mocions are combined by the
100-40-40 Combination Rule. For exasple, the thres orthogonal peak
particle velocities defined {n Tadle A2-1 of Appendix A-2 are 9 cm/sec,

12 cm/sec, and 12 ca/sec; vhen combined by Equation &4-1, these values lead
to a coabined vector sum peak particle velocity of 13.4 cm/ssc, vhich
significantly exceeds the peak vector velocity of 10 ca/sec listed in Table
A2-1. Similarly, using the three crthogonal peak particle accelerations of
0.2 g, 0.1 g and 0.1 g results in a vector sum peak particle acceleraticn
of 0.21 g using Equation (4-1) versus the vector sum of 0.2 g shown in
Table A2-1.
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5.0 DEVELOPMENT OF STRAIN TENSORS

S.1 Strain Tensors for Earthquakes

It is concluded in Appendix A-l that body waves due to earthquakes
impinge on the shaft with sceep angles of {ncidence, namely, steeper (less
chan) than 30°. Furcher, as discussed in Section 2.3, it can be assumed
that the three wave types--P, SV, and SH emerge along the .same ray path,
that is, with the same angle of incidence and along the same azimuth.

The coordinate system consists of the z axis oriented downward along
the axis of the shaft and the x-y plane corresponding co the ground
surface. Without loss of generalization, the wave front of esch incident
wave is normal toc the x-z plane, as illustrated in Figure 5-1, so that
particle motion i{s either in the x-z plane (for P- and SV-waves) or normal
to the x-z plane (for SH-waves). The following notation is used in the
subsequent expressions for strain:

€ = Angle of {ncidence feor P-, SV-, and SH-waves
Cp = Propagation velocity of the P-vave
Cg = Propagation velocity of the SV- and SH-waves
vp = Peak particle velocity of cthe P-vave
vgy = Peak particle velocity of the SV-wave
veh = Peak particle velocity of the SH-wave
- ap = Peak acceleracion of the P-wave
agy = Peak acceleracion of the SV-wave
agh = Peak acceleracion of the SH-wave
vy = Peak particle velocity at the ground in the vertical direccion
vhh = Peak particle velocity at the ground in the horizonctal directicn
ay = Peak acceleration at the ground in the vertical direction
ap = Peak acceleracion at the ground in the horizontal direction

Rev.
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The symmetric strain tensor, ¢, consists of three axial strain

couponents and three shear strain components defined as follows:
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Ug, Uy, Uz, = particle displacemenc in x-, y-, z-direction,
respectively :

The "engineering shear strain," dencted by 7y, is defined as twec times
the censor shear strain, i.e., yxy = 2¢xy.
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The extreme fiber bending strain, ¢y, induced in che liner by the

passage of waves is defined by:
£H = RA "
vhere R = Radius of che liner
x = Curvature of the shaft axis

Along the ray paths, a P-wave generates axial strain given by

)
(]
.unk'<

while a shear wave generates pure shear strain given by

Y
(]

n'<

w |

Transforming these strains to the xyz-cocordinate sysctem yields the
expressions for free-field strains shown on Table 5-1.

Curvature along an axis is given by the acceleration normal to the
axis divided by the square of the apparent vave speed along that axis.
Thli relactionship is used to derive the expressions for bending scrain,
also shown on Table 5-1.

For the case of earthquakes, the parcicle motions in the P-, SV- and
SH-waves will be controlled by the ground motion control parameters in cthe
z-, x-, and y-direccions, respectively. Comparing the cemponents shown in
Figure 5-2a with those in Figure 5-2b, the particle velocities are given as
follovs: '

2.
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Vp = Vy/cos €

Vgy = Vp/cos €

F3

Vsh = Vh

The same relations hold for acceleration, where a is subscicuted for
v. The substitution of these relacions i{ntc the expressions on Table 5-1
ylelds the expressions on Table 5-2.

5.2 Strain Tensors for UNEs

It is not known at this time how much of the incident vave energy
impinging on the shaft from a UNE will be associated with shallow incidence
angles versus energy associated steeper angles. Howaver, it is net
necessary to know the distribution of the incident wave energy with
incidence angle, because the strains dus to earthquakes will be an upper
bound on the strains dus to UNEs, as demonstraced in Section S-3 below.

The maximum strains generated by earthquake waves emerging with 6
betveen 0° and 30° are compared to the maximum strains due to UNE waves
ezerging wicth 6 between 0° and 90°. The strains due to steeply emerging
wvaves ({.e., between @ « 0° and 30°), be they generated by earthquakes or
UNEs, are computed froa the expressions on Table 5-2. New expressions are
derived for shallow emerging wvaves (i.e., betwesen @ = 60° and 90°).

For UNE wvaves emerging at shallow angles (say, € = 60° to 90°) P-,
'SV-, and SH-waves will be controlled by the ground motion coentrol
paramecers in the x-, z-, and y-directions, respectively. Comparing
Figures 6-la and 6-2¢c, the particle velocities are given as follows (fer
shallow emerging waves):

vp = Vh/sin ¢
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Vev = Vy/sin §
Veh = Yh,

The same relations hold for acceleracion, where a is substicuted for .
Substicution of these relations into the expressions on Table 5-1 yields
the expressions on Table 5-3.

5.3 controlling Scrain Combinacions Due to Earchquakes and UNEs

For the design basis parameters recommended in Sections 2.0 and 3.0
for earthquakes and UNEs, it can be shown (see Appendix A-3) that of all
the various incidence angles (0° to 30° for earthquakes and C to 90° for
UNEs) cthat need to be evaluated with three possible combinacions of P, S,
and Sy, vaves for design, only one case controls all aspects of the shaftc
design: '

« Earthquake concrel motion
+ 30° incidence angle

» 100 percent Sy peak effects plus 40 percent P and Sy peak effects
‘(using the probabilisctic combination rule specified in Section
4.0).

Both hoop stress or strain and total axial strain are controlled by
earthquaks wvaves emerging at an angle of 30° from the vertical. For the
specified design basis moctions, UNEs will never controel the design. Hence,
it is recoamended that the designer use only the sbove combinacion for
“des.gn evaluation of the ES.

-26-
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Table 5-1

Free Fleld and Bending Strains for Body UWaves With Angle of Incldence 6

Free Field Strains

Bending Strains

Vave
Type : ‘
“xux ’y ‘22 "xy ’yz Tz ‘b
v 2 v 2 v Ra 2
4 ?:2 sin” O 0 EB cos” © 0 (4] 52 sin 26 TB sin 6 cos” 8 (in x-z plane)
P 4 P c,
Vav Vev ' sV R fav 3
sv c sin 6 cos O 0 o sin 6 cos O 0 0 ¢ cos 2606 2 cos” O (in x-z plane)
[ [ 4 ) [ c’
v v R a
SH o 0 0 E——'h sin © c'———h cos 6 0 3 sh ¢:¢u2 6 (iIn y-z plane)
s ) c
s
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Table 5-2

Frea Fleld and Bending Strains in Terms of Ground Motion Control Parameters for Earihquakes

Free Fleld Strains
Uave Bending Strains
Type .
“xx §y ‘2z ’ny 'yz Txz ‘b
v, “n2 Py v, v, R a,
P T cos © L c_ co" e : 0 0 E—.Z sin 6 3 sin @ cos 6 (in x-z plane)
r [ 4 r c
P
v v \/ R
h h h 28 n 2
sV c sin © 0 c sin O 0 0 o ::: ® 2 cos” O (in x-z plane)
s [ ] s c
s
v v [
SH . 0 ] 0 h sin & B cos & 0 o con2 ® (in y-z plane)
c ) c 2
s s c
s
Note: These en; ssions ara valid only for steeply emerging body waves, f.e., 6 = 30° or less.
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Free Field and Bending Strains in Terms of Ground Motion Control Parameters

Table $-3

for Body Uaves With Shatlow Angles of Incidence

Free Field Strains
Uave Bending Strains
Type ‘
“xx ‘22 , 'xy 'yz Vaz ‘b
v v 2 v, ']
h h cos” O h
[ 4 EP- sin ® a; %%;—5- 1] 0 c 2 cos O 2." cos 62 cos O (in x-z plane)
[ 4 C
[ 4
v v v R a b}
_v v veos 26 v cos” O
sV c. cos © c. cos © o 0 c. ain @ c2 sin® (in n-z plane)
] s
v, v, R
SH o 0 (-2!! sin @ E!! cos O 0 2% c:cu2 ® (in y-z plane)
[ ] [ ] c
s
Note: These expressions are valid only for & ~ 60° or 6 ~ 90°,
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Figure 5-1. Orientation of Incident Waves with Respect to the Cocrdinatce

Syscen
Yy
)
*l
v .
y
{a) DIRECTION OF CONTROL (b} DIRECTION OF PARTICLE MOTIONS (e} OIIlCﬂQ" OF PARTICLE MOTIONS
PARAMITERS (REPAESEINTED I STREPLY SMERGING WAVED N SMALLOW EMERGING WAVES
8Y PEAK GROURD MOTION (NEPRESENTED BY 'llm (.[’l['(ﬂflﬂ 8Y PARTICLE
vELOCITIRS) VELOCITY) veLocITY}

Figure 5-2. Relationship Between Feak cfound Moetion Control Parameters and
Particle Mocions Dus to Each Wave Type
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6.0 DYNAMIC ROCK PROPERTIES

This section describes the procedure used to determine dynamic rock
ptopcrtiis for use in analyses of underground cpenings at the ESF when
subjected to transient free field strains caused by eithar earchquakes or

underground nuclear explesions. The properties important to such analyses
are as follows:

Velocity of compressicn waves, Cp
Veloc’zy of shear waves, Cq
Dynanic deformacion modulus, Eg
Dynamic Poisson’s racie, vg

These properties should be determined for esch rock unit in vhich
underground openings are located. Analyses of the openings for transientc
free field strains, based on the relative ground support to rock mass
stiffness, must utilize the corresponding dynamic macerial properties.
Scatic loadings may be analyzed independencly, using static material
properties, and the result superimposed cvar the results of the dynamic
analyses.

Figure 6-1 illustraces the scracigraphy of che borehcle nearsst the
ESF site (USV G-4), and includes plots of the measured in situ P-vave
velocities, as presented in Reference 17; and of the measured laberatory
P-vave velocities, as presented in Reference 18. The plot of in situ
values also shows & smooth curve vhich represents the average of the
measured values over each {dencified rock unic. The rezaining plots on
this figure rnprcianc the reconmended P-vave and S-vave velocities as
decernined by the evaluation described herein.

The most recent Reference Informacion Bass (RIB) for the NNWSI project
(Reference 27) recomnends the folloving rock mass bulk densicies, rock mass
Poisson’s racios, and {ntact Poisson’s ratics.

-
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Rock Bulk Densicy; - Rock Mass - - Intcaet Roek

Unic (g/emd) Poisson’'s Ratio Poisson’'s Ratio
Tew R 0.10 0.2
Pt 1.58 0.19 0.16

- TSwld 1.84¢ 0.16 0.16
TSvia 2.25 0.22 0.25
TSw2 o 2.32 0.22 ' 0.2
T5u3 2.32 0.22¢ | 0.2
CHnlv » 1.82 0.15 o 0.16
CHnlz 192 0.16 ‘ 0.16

a. L&:hopﬁ§i11 rich, devicrified.
b. Lichophysal rich, vaper phase.
c. Valus .shown {s assuncd RIB tndicatcs that valus {3 not available.

The S-wave vcléciﬁy (C.) and the dyn;nic deformacion modulus (Eq) can
be decermined from the bulk dcnsi:y (D). dynamic Poisson’s ratic (vq), and
P-wave velocicy (Cp) by che £olloutng elascic ralactonshtps

= Cpl(1 - 2v)/(2 - m))° 5 ‘
Ed - DCp2(L + va)(1 - 2va)/(1 - Vd)

Based on the curzent, rollcivoly llnic;d daca on the rock properties,
ic is roco-nndad that the rock nass Poluon's utio. as ;tvan in the RIB,
be used as the dynanic Poisson’'s racio, and chac the bulk densicty at in-
situ saturation, as gtvon fn che RIB, be used.

The recommended P-vave velocities were decermined ;gﬂfogiows:

TCw: The in lit; zeasurements differ sigﬁiftcanciy froa the
labotatory:valucs._ Ic is not possible to resolve chis
conflice w*eh che data presenqu available. Therefecre, the
only recommendation provided for this unit {s chac cthe
P-wvave vecht:y of the underlying PIn unit represencs a

<32-
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ronsonabl? lower bound to cthe P-wave velocity of the TCw
unit (l.eL. PTn values are conservative for ICw unic).

~ The ave:ake of the in sicu measuremencs over this unic is

apptoxtmaﬁcly 85 percent of the single ltaoratory

weasurement. This is considered to be a very reasonable

correlacion and the recommended P-wvave velocity is specified
as the average of the in situ measurement’ and equal co

. 1680 ao/s. \

TSwib, TSvit and TSw2:

Th‘ average of the {n situ measurements over sach of these
unltl varies betveen 75 and 90 percent of the correspending

‘;1abogntory deasurements. As vith the PT unic, the relacive

TSw3:

i ulgnitudc of che average in situ measurements as compared to

the laborltcry measuremencs is reasonable. Both secs of
mtatutgncncs 1nd£cace a slight increass in P-vave velocicy
vith dopch Ihorcforn. the recommended P-wave velocity is
specified ;s a linllt variation between the avarage in sicu
non:uremnnt fot éht tSwlb unit (2860 m/s) ac the top of the
TSvl unit to the ;vetagu in sicu nousuzcncnc for the TSw2
unit (3400 a/s) cc :hl bo::en of the TSw2 unic. This linear
variacion {s turthnr oxcondnd :h:ough the unnamed transition
layer bntwnon che t$w2 and 1593 unics.

£

K‘,v‘

There are no Iaborttcty P-Gib. V;Ioctey peasurements in the
TSv3 llt.till to use as canfirna:ton of the in sicu
measurements. In addition, the :htckansa of che unit is
less than the {ncerval tested in sttu. so th‘ in site
nctpurtunq: gay be bissed. Since the noa:urod in sicu value
of P-ugvo;vgleciey is the fascest :ccochd in che rock units
of ln:nroi:. it seems reasonable to assume that the actual
unic vcloQicy is greater than the recorded valua.

Therefore, the average in situ P-wave velocity measurement
(5100 m/s) for the TSw) unit {s recommendsd as a

conservative valus.
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Ih‘ in situ measurezent for this unic differs significanc:y
‘from the single laboratory value. The in situ measuremen=s
of P-wave velocity for this chin unit sppear to be biased by -

the underlying Chnlz unit. In lieu of becter data, a value
equal te the laboratory measurement (3650 m/s) is
recomnended.

The average in sicu measurement for this unit is greacer
than the laboratory measurements. It scnhs teasonable that
this nonwalded macerial {s very sensitive to disturbances
and/ét confining pressure. Therefore, the average of in

-situ P-vave velocity (3010 m/s) is recomaended.

Appl}inﬁ‘chl aforenentioned equaticns for S-wave valocity and dynanmic

deformacion modulus ¢o che recommended P-vave velocities, and summarizing
the dynanic ptopotties at’ the base of each unit ylelds ths resulcs gtvon in

Table 6-1.

uncertaincies.

As {ndicaced cttliit;ﬂ;h;cd’ig;onnondnd propitticn are basad on the
currently available, but linited, site data, vhich have significanc

Hence, the Ucféicbmninds that additional data be obtained

from the site at cho earliest oppor:unl:y to supplement and confirm the »
available data nnd recomnended propntttal..
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Recommended Rockjﬂrepcrties

!

Table 6-1

for the Differenc Rock Layers

Rock
Unict

TCw
FIn
Tswib
TSwlsd
TSw2
TSw3
CHalv
CHnlz

L]

Dynamic
_ Poigson's
Ratio

0.10
0.19
0.16
0.22
0.22
0.22
0.15
0.16

F.wvave
Valecicy
(a/s)

1680
2940
3078
3400
5100
Jaso
-3010

S-wave
Veloeicy

(n/s)

1040
1870
1840
2040
3060
2670
1910

Dynamic
Deformation
Modulus
GPa

el AL Yl

AN, o
« e e w e

WOV Or

-35-

Rev. 6




- N .
sobruin iy BWNIS T ARBED Wﬂ i)
ssvatum] i [ sy (L X 1} LAsomarony » wavy 8 wave
QAT el [ P-wavl L] St sanc
N : Y OCNY VE OOy vilocHy
wleolwlse . 21 Py . t - - L] [
-~ . - - N - [y,
sre | 2 RS Not . i LA Y LELEL L -
roge | o0 - e o b -
Rt . y . e ‘} "o woe b “eann
o] e - . by ‘12 nd
vooe | mee ‘ ' N e ] *
- . 3 . Y .
- | . 0 2 . 000 b
s bt o e win ot
] ot s ere
asoe | wwre . .
seon | wne g ?“ . * » e .\‘ ¢
., . * ™ b [
™ . wet
e .
) ! e | o , 9 Ohatgrestm umte
v : ‘h-.-u-.-.-n
e
L N i s oeavg v 00
. e L wethad
e * . vt gtuen ot
A P " Pene® Smacy eemsd dmated
[ [y
.." - H h as ney cens Srmde
A : Shedyus pam 0l
\ . - o et tams nanse a8
- o " ™S o autand, . i
lW j (L - Pously cuied sodivet 08
- _— . '. - - — E . - 1}- g _
Wt " 9
. [
H N b 160 Suon hasws
, . Py - - l.'ll
s, . L R < .o~
\ ‘, toas !
o= "g . .‘ " » Nstutee wh Beba o od put plondit $e 10 fuut Btereed
’ \ . ‘ L I
.' - ttte . f N ] J s} Shem hecuses
‘. B ot .
w1 . - T B . fo)
) LA { S .t
) i . .
\ L R ¢ i N St UF B0s s MiBREs ot 18 Juus euassed
. 1 N " Ay SAm b SIS Suingl drn-Pitgnl WO N BP0
- ool 0l ) o
\.’ a. -w . S ! : 0} Lo adua
3 N . '~‘ e L 0 intard § 00 o mw desed § 4375 o)
Lol el P ._' \ o o or outre fordir -
e J oy [N . . »
e | s0re L L N 0ee | owm e
e f e bt 1 ¢ * w e © - -
F ] oane b " o
b ; - R
3 . s -
ool e ‘ - IR +tber F e h
[0 T IR “ . .
"0 WrE e Boe s 2 uv0 SuiDe GNP BEGUWEW o Wiy I Weer erhn By
Shotugs s paonrs Wwim haibos s o . Fleime 6-3

S B B B WS UHN 5S4 S UHE & & Sramy

20 Muiowal Wbwabrg P Givk WD Qg A 1iB0k e (b W B8 3D/

99 Sty sre MEUEr Rt $9 B o> amm el A0t uf B (5.0 WD ¢ 34 Sl Py mards
Dl e Gedhiiss e e M. Har s B Pomn wobnday b Bu U ou
SORPOIE @ Gemve ) b Bn: 10 & bl e

tuserpsetation ol Seinmie Vel s08en
1 Prom LM-G4 Bata

o

F e

9




7.0 FAULTING CONSIDERATIONS
7.1 Qbjectives -

Several faults have been identified i{n the area of Yucca Mountain wich
evidence of movement during the Quaternary period. Hence, the pessibilicy
of faulting at the ES location and vicinity musc bs considered. None of
the known faults with evidence of Quaternary movement {n=arsect the expler-
atory shaft facilities. The potencial hazard of a fault chat may have thus
far gone undetected can be assassed and bounded vithin reasonable limfes.
This assessmenc requires consideration of what is currently known ibpu: the
characccr;xcles of faulting in cthe surrounding area, including uncertain-
ties. Considerations of the potential impact of faulting on the ESF
provides a basis for assessing the relevance of possible undetected faules.

As discussed (n Scctton 1.0, the dxploracoty shafts will not at any
time be used to transport any high level waste macerials. During the
repository cperations, :ha ESF shafts will be converted to sarve as
vencilation supply sh;f:s. Exhaus:tng fans on the emplacement exhaust
shafe vill at all times mainctain negative pressure {n the emplacement area
relative to the dsvelepnent l:ii,fwhichzis ventilated with forced
ventilation. Hence, there is mo potential fer exploratory shafts to become
an exhaust shafc rather than an intake shaft. Based on thess discussions.
any fault displacement through the ESF &odq_ﬂbc appear to {mpact public
safety. It does not also ssem to be a setious threat to cperations or
vorker safety unless the fault offsecs are significant. Faule
displacements in excess of about § cn could- pcsstbly po:o & threat to
workers’ safety during ESF operacions.

The faulting hazard does noc merit special dnst;n.'ptovtztd chere is
reasonable assurance :hatjfadlc displacenent in excess of S ca is not
likely to occur during':ho preclosure pericd. Limicing che possibilicy to
less cthan one chance in 10 during the preclosure period {s judged to be

~adequate to provide such Jninssutanéog .ﬁow.vc:. because of uncercaincies
in our ﬁfcsonc understanding of hov the ESF would perform if subjected %o

0370
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slgnificant faule displacémenc and because of uncertaincies in our presenc
underscanding of che local tectonic conditions, the measure for adegquace
issurance {s made more stringent by an iddt:ton&l factor of 10.
Accordingly, faulting hlzi:ds need not be considered in che design of :zhe
ESF (which has a 100 year maintainable design life) if the annual
probabilicy feor éxciadtng 5 em of displacezent is no greater than _
10°4%/year. The charqcectistics of a fault that might pose a hazard can
then be .expressed as one that has moved during the Quaternary or late
Quaternary &t an average rate greater than S cm par 10,000 years or

0.005 zm per ysar.

7.2 Eauleing Porencial

Evidence offduatttnnry displacenent has not been i{dentified on any
fault cthat {nctersects the ESF or the undsrground area of waste storages.
Except for the Ghost Dance fault, recognized offsets of faulcs vithin.:he
repository block do'ncc»iicoog S m (Reference 12, PP. 1-127). The Chost
Dance faule, wvhich 1u:§rihtts;th¢ repository block but not the ESF,
displaces Tertiary ctuff uﬁitg'by 18 8 and has a nappcdilength of € ka
(Reference 12). -While avidanco'fét'h0vnnon: on this faulc during the
Quaternary pericd has not been’ id:ntlflcd the possibilicy cannot be ruled
out from available data. Hovovot. ic appcnt: unlikely that repeaced
movenents during the late Quaternary could have gone undetected.

The Ghost Dance fault is an ocbvious Eoblogic feiture, yet ics
potential for movesment appears to be lnhtgniflcan: as compared with the
faulting characteristics tdnncttlcd above {n Scctton 7.1 to be of primacy
concern to the ESF. While the more sisnlftcan: £tu1:s :hac bound Yucea
Mountain to the sast and wast do not intersect the ESF, :holr rates of
movement are closer to the threshold of concern for the ESF, - The
Paintbrush Canydn faule (pboars to have the highast average rate of
displacement during the late Quaternary, about 0.006 em per year (Refarence
12, Tadble 1-8). The Avctago rate of late Quatctnéty displacenent for the
Uindy Wash fault is ;seinaccd to be about 0.0015 EX per year. Similar
~ faules {n the proximity of the ESF would have been essily datected as they
displace Tertiary tuff uni:s by 200 = or more (Reference 12, Table 1-8).
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7.3 Qesign Basis Faulcing

No faults wich evidence of Quaternary movement have been found in the
{mmediacd area of the ESF or i{n the larger area of the repository bleck.
More distanc faulcs that bound Yucca Mouncain along the rast and vest
flanks have moved repeatedly during the Quaternary period. Significant
movement on thess faulecs appears unlikely during & typical 100-year cime
pericd, and sympathetic displacement in excess of a few ;entimecers through
the shaft iz an unlikely response to 4 local earthquake. The annual
probability that faulting in excess of a few centimeters will occur in che
ESF shafes is judged to bo wall belov 10°4 par year. Therefore, fauleing
need not be considersd in the design of the ESF. ~

-19.
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Scrong ground shaking is primarily the resulc of seiimic body waves
thac propagate through the earth aleng ray paths. The ray paths curve or
refract in response to gﬁadual or abrupt changes in material velecity. as
Llluscrated in Figure Al-1, cthe inherent velocity of matérials in the earch
generally increases wvith depch. This causes the tay paths fﬁt enmerging
seiszmic vaves to steepen as they approach the earth’s surface. The
curvature of ray paths is explained by Snell’s law vhich requires a
constant phase velocity in directions chat are parallel to the interface of
tvo diffcf;nt zatarials as vaves pass froa one saterial to the other.
Snell's Lav is used to examine the range of {ncidence angles to be expected
at the ESF froa local earthquakes.

EARTH PROPERTIES

The velocicy struccure in the Great Basin increases rather dramatically
with depth (rlgurn Al-1). The tvntago P and S vave velocities for the
Tertiary tuff unics at Yucca nountatu are about 3 ka/s and 1.8 ka/s,
respectively (see Section 6.0). At & depth of about 3 ka belov mean sea
level, ths respective values have tncrcnsld to about 6.15 kn/s and 3.6 km/s
(Rognrs et al., 1983-References Al- 1)

This increase of a factor of two or more in the velocity of rock with
depth is fndicative of stkniflc;nc tncrclsos'tﬁ the stiffness and strengeh
properties of rock with dapth. The capacity of rock‘to'luppor: large
tectonic stresses also 1nct¢ases vith depth, ac lnasc to 4 depch of several
kilcmetars. Conscqunntly. earchquake rupture of most anortcncn to ground
motion hazards ort;in&:ns at a depch of a fev kilometers or more. Alse,
the relatively large stiffness and strength properties of rock at these
depths are required to efficiencly transmit the largest amplituds vaves
avay from ths immediate source ares.
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A local earthquake of unspecified location is postulaced for estimacing
the range’ of {ncidence anglcs that would be expected for the largesc

amplituda body waves. As illuscracted in Figure Al-2, che analysis uses che
foellowing notacien:

Vg = Velocity of rock at :hc source dspth res-onsible for the
largest anpltcude vaves. : J

VESF = Velocity of rock at the ESF (approximately = 172 Vq).

bs « Take off angle at the source, measured from vertical, for
A body waves enrouts to the ESF.

©gsF - Ihctd;ncd‘anglc at the ESF, measured from vertical.

The largest variations tﬁ velocity occur wich hnp:h For simplicicy,
the earth {s assuned co be comprisnd of horizontal layers of homogeneous
material, i.e., vurtically s:ra:tficd Ropcct:tous application of Snell's
Lav to ray paths passing froa: on-flayut to the next indicates that the
herizoncal phase vnloct:y;vould be constant along che entire ray path
(atch:nf. 1958, Reference Al-2). Equa:tn; the horizontal phase velecity

for vaves cransmicted at the source vith :ho:o easrging at the ESF location
gives: '

Vs Vesr
Sin8g  Sine

ESF

The incidence angle at the ESF i{s then obtained from:

Vesp
v

Sine.

ESF = $ine

s
S _
$1/2
assuning Vg « 2 Vggp for beth P and § wavas at the source depth
responsible for the predeminant earthquake waves vas noticed pravicusly.
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Figure Al-l: ApproxinatoVVQloctcy Structure for the Southern Great Basin,

after Rogers ec al. (1981).

} Carthquaks Source

 Figure Al-2: Depiction of the Ray Path for the Llrgcsé Amplitude Waves to
Ezerge ac che ESF From a Potential Esrcthquaks Source.
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Thus, the iargcst amplituds body waves are expected to emerge at the ESF
steeper than about 30° from verctical. Intervening hecerogeneicies and

alternate vave paths are not expected to significantly alter this
conclusion. '
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This appendix summarizes the background information concerning che
prediccion equations given in Table A2-1 and used for the prediction of UNE
ground motions. This background information includes di::ussions on how
the design basis UNE vas selected, che data used in the developaent of che
equacions (including the rationale used in chs analysis of the data and che
recommended prediction equaticns) and & brief dis;ussidn-en wvave
propagaction from a UNE. Additional detail on the development c£ the
prediction equations may be found in Refersnces A2-1 through A2-3.

Table A2-1: Prediction Equations for Stations on Rock(l)

: Mean 1.65 ¢

Somponent Eguacion Yalus ~Jalue
Vert. Accel. (g) 0487 WO.S1 g-1.792 005 g2
Rad. Accal. (g) f'd.iss.w0-382 R-1.425 0.03 0.1
Trans. Accel. (g) 0.266 ¥0.326 g-1.371  ¢.03 0.1
Vector Accel. (g) - o.sxwiOQfﬁzAa-1-717 0.06 0.2
Vert. Vel. (ca/s) 6.390 v0.679 g-1.684 A 9
Rad. Vel. (ca/s) 6.861 v0.54b g-1.352 12
Trans. Vel. (cm/s) $.873 w0.458 a-laZOB‘ 3 2
Vector Vel. (ca/s) 12.06 0.628 g-1.593 g 10
Vert. Disp. (ca) 1.319 w0.737 1'1-‘99k; 1 2
Rad. Disp. (ca) 1.026 ¥0-719 g-1.486 1 3
Trans. Disp. (em) 0.598 w0.603 g-1.165 1 A
Vector Disp. (em) = 2,683 w0.675 p-1.640 1 2

Note 1: The vectrr vilues at che 1.65 ¢ level for acceleration, velocity
and displaceziuic i 2e less than the maxizua individual component because

(1) cthe standard doviaticn for the vector quantities are much smaller than
that of the individual components, and (ii) of the round-off effeccs. '

A2-1
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Locations of ptcsin: and propocsed tescing areas wnzclshown in Figure
3.1. Testing areas in present use are those at Pahute Mesa, Rainier Mesas

‘and Yucca Flacs, Eosstblq future sites have been defined (Reference A2-4)

as they are required {n the event that exiscing sites are consumed: The
two possible future sites of concern are the Buckboard ares and Mid Valley.
The upper limits on yield for each of cho(cesttng areas have been
!
defined (Reference A2-5) based on offsite damage vith special emphasis on
potencial damage in Las Vegas. These limics are:

Pahuts Mesa 1300 ket
Yucca Flats 300 ke
Frenchsan’s Flat 300 ke
Buckboard Area , 750 ke

Mid V&llly ’ ..

(Nota, the ytlld limic Eor th Vlllty was not spnciftctlly addressed
because the geology will ruactic: ytnlds to wvell below the other sices.)

Using the information gtvnh>956vn._prodicctens vere made for UNEs in
the closest testing area (to ch.’Yuc;t Mountain) with the highest yield
limits (Pahute Mesa and Buckboard Afi; + Refere~ce A2-6). The smallesc.
possible distance between thase pa:ttcﬁl&:'tosting areas and Yucca Mountain
vers scaled from a aap at this disctance ‘hQVVll used in the prediction
equations. The design basis UNE vas uolocﬁdd,ah':hn UNE vhich produced the
largest ground sotions at Yucca Mountain. This was & 700 kt event in the
Buckbosrd ares at 22.8 km avay (note 700 ket vas used inscead of 750 ke
because of the snall differences in che predicted vilunq,nnd the already
conssrvative approach of assuaing the closest point £ct”cho largest yisld).

-Although the yleld limic £n: Pahute Mesa is greater, it is sufficiencly Enr

avay that the ground zotion at the teposicory site would be less chan thac

_from the nearest location {n the Buckboard area.

e
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Revelopoent of che UNE Prediccion Equacions
The major objcc:tvcs‘for the analyses included in References A2-1
through A2-3 were: (1) to develcp a regional prediction model for the
Nevada Test Site alone; énd (2) to identify and quancify -he diftereﬁcei in

ground motion behavior at Yucca Mountain vhen compared to NTS. To this
end, data froz a number of UNEs were analyzed.

The data set used to develop the prediction equations {includss ground
motions recorded froa & total of 34 UNEs. These events vere conducted
between 1966 and 1984. The yleld variacion in the data sec is from eb kt
to 1400 ke (9 UNEs had yields > 500 ke; 7 UNEs had yields betwvaen 150 and
500 kt; 18 UNEs had ylelds becvaen 80 and 150 kt). Ground motion has been
tecordsd at about SO differenc locations. Of thess SO locations, ten have
been located in the thcq Mouncain area. Ground motion froa a total of
eight of chese events vars recordsd at Yucca Mountain stations. This daca
sst vas chosen based on the need for a reasonable variation in yield and
distance (froms che sources) ed obtain general prediction equations.  The
fact that there are a lluttod‘nunb.t of ‘events recorded at Yucca Mountain
included in the daca sac is dus §o'§ho facc that these stations vere firstc
installed in only mid 1980. kll;ivin:q vere conducted in the Pahute Mesa
testing area of NIS (see Fig. 3:15. Station geclogies may be placed in two
broad categories - rock and slluvium. '

.-The prediction aquaticns that vere developed in References A2-1 and
A2-2 are espirical. th.inajor as:unpticn:\iadd‘tn the developaent of thess
equations are: (1) source geology is considared to be the sanme;

(2) differences in travel path geology are f{gnored; and (3) stacion geology
differences are accounted for by providing snpi:aii oquattéﬁa for rock and
alluvium. 1In addition, éhc data are assuned to be losnorngliy discribuced
and linearly correlated in a log-log space (Li.e., fit with a powver curve).
These assunptions and approach are not original. Past studies (Reference
A2-7) have shown this cojh. a reascnsble approach {n dascribing the

- behevries of ﬁﬁt’gégdhﬁtggélods{&ﬁﬁ§:cquh:tens are developed from mulciple
linear rogrelitons {n vhich yield and distance are considered to be the

A2-3

Rev.




Rev.

{ndspendent variasbles and':hc ground mocicn pi:&mtce: (acceleration,
velocity or displccomonc)il: the dependent variable. The daca were
subdivided into chree mnjo: groups (Reference A2-1). Group I incluc.i 411
data in the da:; set. Daea from known anomalous stacicns (e.g., NRDS area,
Rainfer Mesa, Climax S:ocg. ecc.)(Reference A2-8) ware excluded to foram
Group II. The Group IIl data set was Group II minus cthe data from che
Yucca Mountain stations available at the time of the analyses. In addition
te these thres major groups, three subdivisions of chese ;roups'wctc made
based on the station geology. Thess subdivisions vere: (i) all stations K

regardless of geclogy: (i1) only stations on rock; and (ii1) only scacions
on alluvium. '

The recozmendations from References A2-1 and A2-2 vere to use the Group

111 iqua:ions tog the apprbpttttc station geology as the predictien

equactions at NIS. Thiin recounmendacions wvere based on the fact that
\ inclusion of the anoialoﬁs scacions would bias the predictions in an
unfavorable fashion for a procedure chat is meant to pridlcc gensral NTS
' ground motions. Inclusionéofﬂthn Yucca Mountains statiens would bias the
predictions to lover ytilds ;n& greacter distances (most UNEs are betwveen 40
and SO kn avay frem Yucca Mouncain).

The recozmended prediction oqd;ttons froa Referances A2-1 and A2:2 vare
evaluated {n Refarence A2-3. This scudy uscd all data recorded at Yucca
Mountain stacions becveen oid 1980 and the crd of FY 1986. These svents
vers “predicted” with the recomaended Qquacicns and thess predictad values
vere coapared to the l.laurnd v:luos at Yucca noun:atn Ratios of
measured/predicted ground ao:ions vere calculltcd for each event at each
Yucca Mountain scation and average ratics for each station wvere d.ccrnined
In the analysis of thess average station ractios, it was observed that the
predicted values vere generally less than those aeasured. The average
racies calculated for each station vare alvays less than ihn]la value of
the prediction equaction. The individual ratios calculated for each event
at a particular station seldom exceedsd the 20 values calculated frea the
equaticns (lo corresponds to the €8t confidsnce {nterval fer the nean of
all che observations at the site or the 84% nonexcesdance probabilicy level

A2-4




" while 2¢ corresponds to the 95% confidence incefval or the 98¢%
nonexceedance probabilicy ievel). The conclusion of this analysis was chac
the predictien equations f#en References A2-1 and A2-2 provided reasénably
sccurate tesults given the statistics of the fits. To attempt to correct
for possible site effeces Qith this data set, would imply a level of
accuracy that does not exist in the data.

As discussed in Section 3.0 of the main body of this Teport, the
predicted ground motions provided for the design of the exploratory shafc
wvere specified at the 95¢ nonexceedance probability level. This

corresponds to 1.65¢0. Thase valuss are aslso listed in Table A2-1 with the
equations. ' '

Fave Prooagation from UNEs

The UNE produces a r@dially expanding compressional shock front at the
point of the explosion. As the distance {ncrsasses from the source, this
conpressional front is céuvq:tid to a complex wvave train of various seismic
signals. These signals are the result of tectonic releass, rarefactions
from layering in the earth, f:cdksqxfdci effects at the ground surface and
zaterial anisotropies. Ac diac&ncék qf'tntorcsc to the exploratery shafe,
the primary wvave types pressant in the ground motions are the body vaves and
surface vaves. Body vaves are coupo:ddiéf‘cpuprcsslon (P) waves,
horizontally polarized shear waves (Sp) andithc vertically polarized shear
vaves (Sy). Surface vaves are composed of Rayleigh and Love vaves. The
vave types that carry the fajority of the energy are the P, Sp and Sy
vaves. Bacause of the depth of the UNE and the radial nature of the
explosion, the following assumptions are made aboutlwhich vave types are
responsible for the component acceleration and velocities observed at
distances of interest cﬁ ths oxplera:oty'shnfc{

- Peak radial nott%ns are the result of the P wave.

- Peak transverss potiocns are the result of the Sp vave.

A2-5
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+ Peak vertical motions are the result of the S, Q;ve.

The peak displacements cbserved at these discances from a UNE are

associated with the surface waves.
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mwmos OF CONTROLLING STRAIN COMBINATION FOR DESTGN

m&mmm
1. Earchquake Control Motion

Horizontal: V « 30 cm/sec a=03g
Vertical : Vy, = 2/3 V ay = g

2. UNE Control Motion

Horizcncil; V' =12 ca/sec = 0,40V 2’ @ 0.1 g« 0.33 4
Vertical Vo= 9 ct/sec = 0.30V 8 «0.2g=0.67a

Note 1: All results will be normalized in terms of V and a.
3. Earthquake incident angles between 0° (verctical) and 30°* (maximum) and
free field strains are given by Table A3-2 vhich was derived from Table

Al-1l using:

Vp = Vy/cos®  Vsy = V/cos® Vg = V
ap = ay/cosd agy = a/cosd agy = a

4. .UNE incident angles can rangs from 0° gvittical) to 90° (horizontal).

for 0° 50 5 45°: Use sane assumptions. as for Condition 3 and Table
A2 ‘
Eor 45% € © g 90°: Use Table Al.3 derived fibuvtﬁb10143-1 using:
Vp=V/sin®  Vgy = Vo/sin @ Vg =V’

These assumptions are very conservative for 30‘ $08s GO'VAa they lead to
the folloving wave particle velocities and accelerations.

A3-1l



Table A)-}

Free Fleld snd Bending Stratns Due to Escthquakes

13444

Free Fleld Strains '
“ﬁ”,,,, — : : Sending Strains
Type < ] < v N
um , ¥ | 2 xy y2 Yz ‘b
v - . R v Ra
r t-:e -!nz ® ) o 52 cu, [ ] S SRR 0 62 ain 2 08 -—i-z sin @ cu2 ® (in x-z plane)
[ [ 4 S 1. * [ 4 c ’
v [ 4
sv -c-'-z sia ® cog'. o "‘E:!"f“ ®cos ® o o 2 con 20 3 2 cou’ 0 (in x-z plane)
(] C.
v, v Ra
h sh
| 0 o E:- sta ® E: cos O 22—-'-" “.2 ® (in y-z plane)
(]

9 *Aay
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Tadble A3-2

Pree Fleld and Bending Straine in ‘hu; of Ground Metlon Control Pacsseters for Earthquskes

Fres Fleld Scratins
Wave Bending Stralne
_1_.Type L ] .
'n .ll 1!)- , ‘n ‘b
[ .
e sin’ @ Yo . 1 - v, Ra, - ,
P & con ® E;cu [ ] 1 .- ﬂk E-Z sin @ 2 ain 8 cos O (In x-z plane)
| 4 : [ 4 c'
) v ' v, [}
h h - . heos 2 0 .h 2
sv [one c—;»;o_l{n o (] 0 & :.: > 3 08" & (In x-2 plane)
[ ] - ; [] c.
v v R .
s 0 o c-—-“ ain @ c—"— con O o -i—.h cosl @ (in y-z plane)
[ ] : (] c
(]

Note: These -:pfo;o!én- are valld only for steeply smerging bedy waves, f.a., @ = 30° or less.

*A9Y
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.cm/sec "g"
e Vp Vsy V' (1 V(1 ap agy &' (1) a1
o° 9.0 12.0 12.0 9.0 0.2 0.1 0.1 0.2
37 11.3 15.0 1.4.7 12.6 0.25 0.125 ¢.19 0.23
45°* 12,7 17.0 15.6 15.6 0.282 0.141 0.24 0.26
$3*  15.0 11.3 147 12.6 0.125 0.25° 0.1% 0.23
s0* 12,0 9.0 1:2.0 9.0 0.1 0.2 0.1 0.2
(1) - Ptobabtll:tie comhin;tion tule of 100% to 40% ussd to generate these
values. _
The cable above shovs :hac chc compucod valuss of V and a are very

conservative as compared to tha dcslgn basis UNE values. Despite this

exce

ssive conservatisa, UNE wt{l poc_govltn.

Effects of P, Sy, and Sy wtli bc vac:o: sumned using 1004-408-40%
combination rule bascd on tandou phn:ing.i For instance bending strain
¢y dus to Sy vave is 90° to ¢y frem P‘}nd Sy vavas.

Thus, % -\Jﬁ‘b + 0.6:¢b )2 + 0.4 ¢b152;f‘£c.

SH

Designer is concernsd with tocal axial lcrliu nnd nithet naxioum hoep
strain or maximun hoop stress. . o ;

a) ‘Elastic conpuced ptxinum hoop stress oh at unltn.d op.ntng will
serve as 4 ncnsuro of hoop cffnccs.

b) Total axial strain, €g, is given by:

A3-4
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g = €22 +* ‘b

c) Earthquake and UNE incident angles and component combinations
which maximize o and ¢4 must be decermined.

7. Provercies Used:
Poisson’s Ratic: v = 0.19 (Results insensitive for ¢:.13 < v g 0.24)
Wave Speed .
Ratios: Cp/Cg = 1.62 (Results insensicive for 1.53 < Cp/Cs <
, 1.71) |
Shear Wave ' :
Speed: Cs 2 800 m/sec
Shaft Radfus: R g Sm
References
A3-1. Timoshenke, S. and Geodier, J. N., “Theory of Elas:iét:y.“ McCraw-
Hi{ll Publicacien, 1951.
Table A3-3
Vave _ L
Type Cxx Cz2 ™y B ch
v’ V' cos’® - ’iif R i;f 2
P T sind T sine 0 {12— cos Q (x-z plane)
v v R ;;:'33. -
v v a’-cos’®
sv T cosb T cosd 0 L (x-z plene)
s N | C. ging® :
SH 0 0, %L siné §-§' cesze (y-2 plane)
: : s - €
s

A3-S
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Eree Fleld: (ox/G) = Zexx + (3/G)(exx + €z2) |
(oy/G) = (A/G)(exx + tz2) -+ Lame’'s Equation
(*xy/G) = Txy (Reference A3-1)

: 2
g+ 0 (-SRI -
Erincipal Scresses o) 4 = = ":J X J] +rxy2

. | _‘ 2 2
A (01.3/6) LU (Vc)(‘xx + cu) t ey * 1xy

Maximum Hoop Scress: (g,/G) = 3 (9./G) - (94/G) -- Kirsch’s Equation
' : (Reference A3-l)

- y ' 2 2
ai(ahlzc) L (X/G)(cxx + ‘zz) + 2 Cex * ’xy Equ. 1

‘here (A/G) v _2(0.19)
. 1oy 1-200.19)

= 0,61 for v = 0.19

Noge 2: For both eat:hquake dhd UNE, incident angle, and cemponent
combination which’ maximizes (on/26) will maximize hoop effects
on shafec R

Note 3: Normalize all results in :eémqutécu -

(1]

C
Al
g

axial Scrain: c¢q = egz ¢ ¢b

' Ra
Normalize &% by ‘BN [ ]

o - - () 29
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For R s S.m and Cq 2 800 m/s

g (5.)(0.35)(980 cn/sec’y)
(‘BN/‘k) - s - 0.061
- VCs 30 ca/sec (800 cm/sec)

s (t‘/tn) < (‘zz/‘N) + 0.06} (‘b/‘BN) Equ. 2

Note 4: Axial effects on shaft will be maximized when (eq4/cy) maximized

EOR_EARTHQUAKE CONTROL MOTION

f=0° Exx/¢N  €zz/¢N  Axy/eN ‘b/tan(*) h/26eN  cq/ey
P 0 0.41 0 0
sv 0 0 0 1.0
sv o o - o 0 1.0
L0OVP+AON (Sybs) O 0.4l 0 0.57 0.25 0.4
10085+408 (B+Sg) 6 01 o0 1.08 0.:3 0.23
L00tS+a0N(P4Sy) O 016 o 108 010  0.23
6= 30° * .
P ©.12 0.3 0 . 0.1
sV 0.50 0.50 0 “ 0.7
sH 0 0 . 0.50 075 -
100% P + 40N (Sy+S) 0.32 056  0.20  0.55 . 061 0.59
100% Sy + 40M(B+Sy) 0.55  0.66  0.20  0.87 2,45+ 0 694+
100% Sy + 4O8(BsSy) 0.25 | 0.3  0.50  0.83 173 0.39

*Vectorielly cr.abined per Condition S.
**Controls '

A7




- 1 = 100% B+ 40y ASy + Sx)

2 = 1008 Sy + 408 (P + s)
3= 1008 s + 408 (P + 5,)

§=0° txx/¢N €2z/CN  Axy/cy cb/ey
P 0 019 0 0
sV 0 0 0 0.33
sHo 0 0 0 0.33
0 0.19 0 .
. 0.08 . 0.36
3 e« o.08 .- 0.36

/2Gey

0.12

8237 e/eN /ey Mxy/eN  eb/epn  on/26ey

P 0.09 015 0 g.12

sv 0.24 0.26 " o 0.21
SH 0 ° 0 0.21
0.9 0.25 040 . .. .-
- 0.28 0.30 0:10.  0.27 1.23
0.13 0.16 0.26 e .
= L3® exx/eN Czz/eN  Axy/ey /j‘tb( ¢BN “h/2Gey
P  0.08 0.08. o 0.13
sV 0.28 0.28 0 0.17
sH 0 0 0.28 0.17
1 0.19 019 o - o0.86
2 0.31 0.31 0.11 0.23 1.38%
0.94

3 0.16T T T 0,14 0.28 --

Al-8
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ta/ ey

0.19
0.10
¢.10

cg/eN

0.32.

cg/eN

0.32*




€=33 Cxx/ €N tzz/¢N  Axy/eN 3-V43 1 ch/2GeN
P 0.20° 0.1} 0 0.0%
sv . 0.18 0.18 0 0.18
SH 0 0 ‘ 0.32 0.12
0.27 0.18 0.13 .. 1.14
0.26 0.22 0.13 .- . oo
0.15 0.12 0.32 .o 1.02

€.=90° txx/ €N tzz/¢N  Axy/eN €b/CBN oh/2Gey

P -~ 0.25 0 0 0

sV 0 .0 0 0

SH 0 0 0.40 o
0.2 = 0 0.16 0 1.00
> e o ) ) - o ° * e
0.10 0 0.40 0 0.99

*Controls

--By cbservation, this cannot centrol: S0 not computed.

gonclusiona
1. Earthquaks Control Motion, with 6 = JOf

and a coabination of ' Ccﬁﬁrois,/{ﬁl
1008 Sy + 40% (R + Sy) Cod

For this case, op/2Gey = 2.45 and

cg/eN £ 0.69.

Ad-9

cg/eN

cg/ey
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2. Llargest UNE effect is at € = 45°, for L00% Sy + 408 (P + Sy)

For this case, c},/2Geyn - 1.35 = (0.55 * value for earthquake control
. o  motien) |
ca/eN = 0.32 = (0.46 * value for earthquake concrol
motion) |

3. Need to double UNE Control Motion for UNE to govern.

A3-10
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The dbjective of this appendix is to describe the observed aﬁ:enuacion
behavior of ground moticns at Yucca Mountain with depth. Thé fdeal
_approach to achieve this bbjéccive wvould be to record ground motions frem
the design basis UNE {n the hole of {nterest, ac several depths, and
develop attenuation curves for the pertinent parameters ?Fiéurc Ab-l).
However, dacta in this form do not exist at the repository site. The daca
set which is available for chis task consiscs of ground motions from a
‘total of 17 UNEs (conducted from mid 1980 th:éugh mid 1987) recorded at a
total of six different surface/downhole scations located in the vicinicy of
Yucca Mountain but none of which are at the ESF location. Each one of
these stations have instrumencs ac the surface and at gng downhole
location. The stations are in similar geologies (not identical geoiogies)
and they are ssparated by discances of as much as & kn (Figure A4-2). The
ﬁiscanccl fron the UNEs included in the data base to the gtound/natien
stacions range from 40 to 50 km and the UNE ylelds rangs from 80 to 150 ke
(as compared to the design bisis'UNE of 700 kt at a distance of 22.8 km).

Two ¢ifferent studies vare conduc:od The firsc vas to study the
attenuation of absolute peak grcund uocicns vith depth. The second wa; to
study the depth attenuation behavior of the pscudo relative velocity
response spectra (PSRV) at characteristic e:rthquakn frequencies of 1, 2
and 5 Hz. These two studies will be dt:cu;sgd below.

: -

The approach used to develop the depth n:tonua:ion behaviat is to
calculate ratios of surface and downhole ground motion ‘and plot the log of
these ratics versus dcpchﬂ This npp:cach assunes that th._goologlc
differences, as well as :ﬁc separation distances between the {ndividual
stations, are insisntilcaﬁt In addi:ton. diffotences in yield, shot point
geology, station-to-source distance and travel pach guolegy are alsgo
~ assumed to be insi;ntflc;ﬁ:. Finally, by enly constdottng the absolute

4.1



pesk ground motions, the individual wave :ype§ that make u§ the tocal

5round motion are ignored All of chese assump:ions will have the effect

of increasing the dsta sci::er and hence the unce::aincy {n this analysis.

In the analysis of the PSRV ratios, the degree of uncertainty will be

reduced because the same vave type will be compared at both the surface and
dowvnhole locations.

7 Considerations that wenc incc the decermination of the variocus fics
" ware as follows: ' '

Distance attenuation rates for a specific wave type will be

different on the surface versus downhole and distance
‘attenuation rates of different vave types will be different.
This is due to geomectrical factors as well as material

property differences in the surface and downhole media.”
Although thess factors are not used explicitly in the
developzent of the depth attenuation curves, they ars taken
{nte considaration in the "judgment factor® applied to the
derived fits.

The surface untctiali'gi the ground motion stations are
different. Thosc\diffntanccs vill artificially influence the
surface/downhole tlﬂiﬂlebitlul. there will only bo one surface
materisl at thn ESF site,

Station W30 wvas the farthostiltation from the UNEs.
Surface/dovnhole ratics for :h£s4:=acton are gensrally less
than the other stations at Yucca Hountatn Based on
observations of the UNE data, che nnounc of attcnuacton
observed at dnp:h decreasas wvith 1nct¢aaing d!stancc from the
source (leo:cnce AG-1). A po:ltblo nxplgnatlon may be that
the peak ampltcudos 4t greater distances are driven by surface
wavas vhich do not attenuats significantly (for the
vavelengths of the UNE mo:tonx) victh dopch. Bocnuso the
primary objec:tvo here Ls to predlct a:tonnation behavier for

AG-2
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& larger yield at a closer range, the data from W30 were no:
given much wéigh: in the derived fic.

~4. Transverse and radial acceleracion data recorded at Station
W28 were not heavily weighted in the fit because the ancmalous
behavior cbserved there is tce sporadic to quantify at chis
time (Reference A4-1). |

5. Singular events that appear to be ocutsids of the norm were
essencially ignored in che fitting process.

6. The derived fit is an "eyeball® fit. Blind tektesston of
 these data produces results with poor correlation ccefficiencs
‘and imply a degree of accuracy or understanding (from these
daca) that is not presenc.

7. The fles Gctc}dctctninod from the average ratios at each
station and compared to the complate data set and modified
vhere it was judged to be necessary.

Absoluce Pegk Attenuation

The surface/downhole ratios for poik values of acceleration, velocity
and displacement for all UNEs r.cordtd»nimthc,Yucca Mountain site wvere
calculated and plotted versus d.p:h,oi‘thcficacion,V Note that some of the
events were included in Reference A4-1, ochers yofi Eanducqu afcer the
data for that study had been gachered. Tablc'&é-l shows the events,
stacions, station depths ahd calculated surfice/dévhﬁélo‘ta:to: for each
ground motion component. Table A4-2 repeats the infotmition'of Table a4-1
and includes the actual dlta values from the events not- tncludcd {n the
study in Reference At-l. Tbo plots of thesa ratios are tncludod in Figures
A%-3 through A4-11, The chuactcns daternined for the lines shown on these -
figures are given in Table A4-3. The amount of depth attenuation predicted
for'vatious_dlp:hs by EhcsL equations is sﬁﬁm&rtzdd'lh;stlh Abed, ALl -
accolcr;tiohs. velocities tnd displaéemnncs decreasad wvith increasing depch

t

with cthe exception of ver ‘cal displacement.
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In an attempt to eval&ate these attenuatien curves with an event more
similar to the design basis event, another UNE recorded at a closer range
wvas studied. The event w#s Nebbiolo and the scation was W-9 located at a
distance of 15.9 kn from surface ground zero. This combinacion groughly
approximates the design bisls UNE and the geology at Yucca Mountain (W-9 is
located on Rainier Mesa). The depth of the station is 432 m. The
surface/downhole ratics calculated for this event and scation are glso
shown on Figures A4-3 chrough A4-1l. - This shows that the. surface/downhole
ratios from this event were all greater than vhat the equations in Tadle
AL-) would predict. '

}

ESRV _Accenuacion

Simildr depth attenuation ratios were daveloped for the PSRV data at 1,
2 and 5 Hz. Table A4-5 shovs the ratics calculated for each station.
Table A4-6 shows the actual PSRV valuss for the events not {ncluded in che
study {n Reference A4-1. These ratios vare plotted wicth depth and are
shown {n Figures As-12 through A%-20. The same coensideracions as used for
the peak ground motion parameters were used in dnfiving the depth
attenuation curves. The resulces itc similar. The data scatter in the
ratios were generally less, b.caus¢ the same ground motion vave types vere
conpared in the ratics. A:,voulq»b. cgpoc;.d, the 1 Hz signal attenuactes
at a slover rate than the higher froq&incigs. The equations daternmined for
thess fits are given in Table As.7. 3Tho in6un: of attenuation predicced
fron cthese equations at various dcpthsrtsﬁ;dﬁnarizod in Table A4-8,

Conclusion

With the exception of the vertical displncouent. 111 tbsolucn peak
values of the ground motion components decreased with inctoa:tng depth
(accelerations at 400 a dcpth varied betwvesn 408 and 60! of the surface
value vhile velocities at this depth varied betwesn 60% and 70% of the
surface valus). The PSRV data also exhibited a similar decrease in
anplituds with increasing depth. All of the frequancies exanined had
values at the 400 a depth thac vere between 40t and 60t of cthe surface
values. The conclusion of this study, based on the data recorded at Yucca

’
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Mountsin, is thac UNE gréund motions will actenuate with depch at the
‘expleratory shaft. The dmoun: of actenuation is subject to a large amount
of uncertainty for the téasons staced earlier. The specificacion of the

design basis £or the ES ha: not taken depth a::enua:ion into account and
Eor this reason cho cpptqach is conservative.

Reference

A4-1. Phillips, J. S., "Analysis of Component Surfgcclnownholu Ground
Mocions at Yucca ountain for Underground Nuclear Explosions in
Pahute Mesa,” SAND87-2381, Sandia National Laborateries, October
1987 (In Review).
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Table A-6.1

Ratio of Pesk Surface and Downhole Ground Motions
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Table A-4.1

Ratic of Puk Surface and Downhole Ground Motions

(Contirnued)
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Table A-4.1

Seni0s of Bpge Iyregog 302 frenec g Sa313. c#iz%it:ee

HET ) ol

Lenres -y ]

E¥E L1
ancellar
1. Ld

s3g08i1 - el
aelut
Jereng
sqacnt
e
“i1grey
Tsuanga
10:3¢%ane
laseergon
Daruia
Ladquary
Selaone
kedre
felaner
" WargIn

dverage 1.6!’:

, wa
rd
ctes

Lls

12
' !0;5
3
1.2
1.1%
LI
L3
198

1,08

8

.ge
vdm

1% PO

[ Bt
l.es
1.9
1,39

1.3
-1
1.3t
1.4
18
1,18
.35
1.80
1.4
LN..1. 1

s 0w

.59

.97

L
3.8

.4
200'
.81
0.12

.88
.32

3ar10s 2¢ Seax Suréace and downnoie Ragial Disolaceeents.

Station 7
Jegth -4 B
Svert
<hancellor
Cadea
xappeli 6.03
falut
Sermma
£gaont
Gibne
Tigrrg
“imards
Solgstane
Jetierson
Darwin
Ladguare
Belaone
acaie
leiawir
~gran
dverage 2,38

029
5

L2
Loy

110
14
2.48
198

.

l.lﬂ
]
ﬂ.;@
1.3

|

W

W30

ive

.42
1.8
1.0d
.38

1 +€
40 ed

1.8¢
1,33
S8
i.83
1,97
A7
ol
1.8¢
1,94
-.l'

e

1,53

.83
72
iR
:0 :2

. e
4
»e

WY
L4
1 78

-
60[
- .
-t od

.5

AL-§

W
ER

W3S

IRUE
195

.50
z.zt

02:
.2
1.43
bR -1
f.4

2,57
1.87

I

1.98

ce and novnhoia Ground Motions
{(Continued)

192

ad
Sad

-
tow

_Ad09 J18VIVAY 1534.

Rev.

6




Rati{o of Peak Surface and Downhole Ground
‘ {(Continusd)

Table A-4.1
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Station
Jepth - ¢
Event
chenceller
Cabra
Xappeli
falat
. Serema
_Eqeont
Gidne
Tierra
Towanda
saldstane
Jeféerson
Daruin

widguare

Belc.at
- §a61e
elangr
“yreye
“~erige

7
bt

1.07

,a
-

L
i ]

UG I - B

8

118
- 4,13

1.8
fott
Lie
043
L4
.09
1o ed

foi

RN

1,7¢
1.08
1.2t
L1

T 57
v m?

1.70
1.83
.14

1.7

o
1. 7%
%L

- 8-

L3

NS

.Hoclona

28 2l
%8 Tad
7,3
[ 4
372
.97
[ 3
rixry
3 (¥}
58 %54
K
.8
38
.58

AJUD 31VIVAY 1S38.
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Table A-4.1

Ratioc of Pesk Su:fléc and Downhole Ground Moticns
(Concinusd)

Sdvios 9% Seaw 3yreqzy gng Jowargie Teaneverse 1:s0;acesents

Fratian ? LT TRIt/] [ 5] 7] alg 2.3 L W]
Jeath - o 5 3 352 758 8 ] ol | a4
Esenr :
Mancelicr 1,33 1,47 ) ’
cacra L ’ 1.38 ,
«aggel: RN 3L s ) :
falut LIS L8 Lt L6 ' )
Serema 1.94 7 .12 1.3l
Egaont M 7
Jthne 2.58
fierra ' 1.8 1.42
Tawanea Ly 1.de 1,38
Gelestone X el 1.8 .37 1.79
Jeiéersan . N1 LWk LU L&
a".x” - 441.'}° 1. ‘3 i.“) l.3a
wabauare i . R0 1.7§ 1.40 1.97
Selagne : 1.08 1,68 1.40 1.58
Goate N Y S W] T
delaar R U3 B -
Harsn B Y I . . . 1.27
iV.'lq' la ':'G !o':’o ’ 1 -45 7 1.35 _ l-“ 2- 2‘

“0EST AVAILABLE GOPY"
AL-10

Reve.
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Tadle A-4.2

Valuss Uged to Deteraine Ratics of Surface and Dovnhele
Cround notions

i 19 L8RS %% Tetergine 32108 OF Sedr Syreqce an& Jownnole vert:icil Sccelemation

hanion
5 LU |
tiene
Lhancellor
Cacrs
Yagoeli
Salut
Sereme
Egeant
éitne
Tierra
Tewanda
Soldsteone
Jetferson
‘Barmn
Ladquark
Belacnt
Bodie
Delasar
Nartas

\\-‘/"rigl

«7
3

1.2

*

a8

fa»
~rd

- L3
0.08884/0.03243
0. 04426/0.92822
0.05782/0.02729
0.04103/0,02473
0.08817/0.04327
0,03543/0.03212
0.03322/0.0303
0.2684/0.045%8

.93

T

82

.58
L4
1.9
1.3
lo8d

1.49
0.04418/0.02879
0.04025/6,0281
0.04187/0,03237
0.0309/9.02062
0.04§94/0.03547
0.0392/0.02234

J.0313870.028

0.1673/0.09473
1.40

us
158

3.55

313
4.
L
1.4

1.84

2.83
0.1947/0,08319
0.1334/¢.02972
0.09713/0. 02389
0.08732/0.02332
$,2071/0.03213

3.92

0.18/0.1084

vaules Used to Determine Ratios ot Feax Surbace and Do-nhiii v§rti:il Velocities

Statian
Depth - o
Event
Chanceljer
Catra
Kappeli
Salut
Serena
Eqaont
Eibne
Tierra
Towanda
foldstone
Jefferson
baruza
Labquark

Selaont - -

fadie
\_elanr
nargin
dverage

w27
\M

29
€

2

.12

t.13

/30
32

108
0.97

1.8
11.06
1.01

0.99

>

R - I

L

X

.31
M
1.4

0.98
113}

0.004279/0.003476 0.00441/0,00448  0,006934/0.00305
0.003762/0,003711 0. ooma:o.ooma 0.005011/0,003152
0.003875/0,003448 0.005705/0.00586 0.005284/0.004526
0.003103/0.002707 0.00544/0.005481 0.006409/0, 03472
0,00525/0,004793 0,006099/0.005035 0,:36792/0,004032

0,003909/0,8G374S
0.004111/0.004049

0,000579/0,005081 0.00694/0,004753

.12

0.00433i/0. 004&4!
0.008322/0.004233

1.08

.58

M-1l

:. !‘
37

L4

0.99425/6.04082
0.08289/0. 03943
0.03032/0. 02817
0.07903/0.03521
- 0.,09833/0.03729
0.04941/0.0%127

2,08

303 I

.06
1.33

G ’02!

. 0,003404/0, 003001
0. 005011/0.003448
0. 004995/0,00349
0.004729/0.008607
0.006434/0, 008435
0.,002345/0.40%81

9.004142/0.004818

1.3¢

&3

0.1924/0, 27652

W28

Rev,
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Values Used to Detesraine Ratios of Surface and

Table A-4

.2

Ground Motions (Continued)

w3uies ised %0 Determane Fat1os of Peak Sursace ene Ocwnnele verticil Displicesents

Statian
Depth - ¢
Event
Chancellor
Cadra
Kappels
Salut

Serens

Egeont
Gidne
Tierrs
Tewanda
Solastone
Jefferson
Daruin
Ladquark
" feleont
Badie
Delanar
Hardin
Average

N

€7 i ¥4

3

0,59

1.05

1,02

0.112/0.14
0.1108/9.109
v.118/0.1123

012/30
§3 352

1.02
0.9

.48
1.02

0.9¢
0.1483/0.1514
0.1249/0. 1264

T 0.20080,2012

0,09823/0.09327  6.1862/%. 1882

0.152/0.1439

0. 108970, 1068

0.1147/0. 1124
0.1583/0.1371
0.99

.03

7 0,2000/0.2112
-~ 0,1406/6. 1474
0.2122/0.2124
0,2043/0.20M

4499

423
38

1.1

.11
1.08
l. l:
.13

%43
l.oa
0.1074/0. 07893
0. 103/0, 09523
0.1381/0. 143
0.2058/0.162
0.1711/0.1583

1.08

23

0.07026/0. 1814

Vaules Used to Determne Ratics of Peak Surface and Downhole Ranral Acceleraticas

Station
Depth - 0
Event
Chancellor
Ladvra
Kappel
Salut
Serena
Eqeont
cidne
Tierra
Tewanas
Goldstone
Jeffersan
faruin
Labquark
Belaont
Badie

’

Average

2
i

L")

1.36

.0
.23

.33

0,08349/0,03315
0.0877/0,02742
0.05811/0,03381
0,0324/0,02147
0.07384/0,03723
0.06049/0,022%1
0,0584%/0,02727
0.1773i0,06085
81

a3

10

na
™

1.03

L.2¢

1.08
1.7
1.34

149
0.0312/0,02817
0.0248/0.02843
0.03091/0.01848
0.43319/0.02497
0.04049/0, 02693
0,03494/0,02197
0.03152/0.0223¢
0.00100/0. 00788

1‘0;2

é

L T

3 '15 

3.47
%31

4,63

3.4
0.09785/0.0373¢
0.08018/0.03025
0.07624/0.02442
0.07833/0.02214
0.1332/0.04382

.48

Ab-12

Lo

‘0‘5‘

i

e

0.1079/0.09089

308 °

Rev.

Dovnﬁelo

e
s

¥y
%8

1.08

0.1081/0.1028
0.1071/0.0%943
0, 1237701213

. 0,30670, 1443

0.1637/0.1742
0.0449/0.1517

0.173:0.:528
.98

s

373 358

1.04
0.66

*0,04204/0.0483

0.03004/0. 0403
0.05991/6.024%7
0.04318/0.028
0.07934/0.03701
0.02634/0.0704

0. 1a02/0,075:8
t.19
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Table A-4.2

Values Uged to Determine Ratios of Surface and Downhole
Ground Motions (Continued)

saules Usea t2 Deterarne Ratios of Peax Surtace 206 Downncle Radial Velecities

Statren
. depth - q
Event
Chancelior
Cabra
Capoeli
Salet
Serena
Egeont
Sidne
.Tieres
Tovanoa
Geldstone
Jefferson
~ Darmin
- Labquark
felaont
Jodie
Belasar
Hardin
Average

o/

27 " DT T,

.

L3 83

1.0¢

o

. g

112

0.003816/0.002826 0.005512/0.003%89 0.005294/0.0010%4

¥4

1.4
.7
1,68
1.59
1,39

1.83

w23 23
338

.22

.23

5.3
2.43
3.0%

.56
.32

0.008551/0.003708 0.004845/0.003013 9.004281/0,001479
0.605118/0.004180 0.008371/0.005378 0.005421/0,001958
0.004227/0.00347 0.005284/0.004898 0.005774/0,00249
0.003094/0,004346 0.008333/0.007047 0.005275/0.002477
0.004284/0.003308 0.006488/0.003587
0.00445/0.004194  0,0002/0.004338

0.0060470.005418  0.009206/0.00
1.04 e

4384
1.58

2.9

Vaules Used to Detersine Ratios of Peat Suréece and ﬂo-nholo~l;s)al Displacesents

Station
Depth = o
Event
Chancellor
Cadra
Kappeli
Salut
Serema
Eqeant
Eibne
Tierra
Tevanda
Goldstone
Jefferson
Jarmin
Labquark
Beleont
Badie

N7 7 ) 01/
33 @
0.43
.22
1.09
S ) .
0.093/0.08318 0.1913/0. 144

0.2901/0.108  0.1668/0,0993
0.1484/0.1411 0. 288401714
0.2020/0.09115  0.1923/0,18
0.3440/0.1319  0.285870,2032
01174701105 Q,2275/0.1304
0.1264/0.1319  0,3138/0.1708
0.1804/0.1145  0,3204/0.2074

0.43 L2 |

352

1.42
1.8

Lt
L

118

e : Nz

LSS

Y
l.n
29
1.31

wn
2.43

0.08143/0.05703

0.1002/0.0530
0.1054/0,04902

- 0.2038/0.0939

o‘. '3‘1'0.0““ PR

0.04803/0.1197
12

M-13

308

0.002789/0.004247

309

"9, 125000, 03488

4]

.0

0.004494/0.001912
0.003116/0.001873
0.005381/0.002208
0.004026/0.002992
0.008472/0.003091
0.003134/0.004373

LR

r 8 1)
.93

3.10420,04606
0.147/0.84%07
0.2014,0,1233
0.22%0/0.00887
0.00234/0. 1893

.87

Rev.
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0.009711/0.003882 -

0.2573/0.1314
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Table A-6,

2

Valuas Used to Determine Ratics of Surface and_bmmholc-
Cround Motions (Continuad)

4

Statien w7 . N -
Desth - o bH] 83
Event
Chanceilor
Catra .
Lappelt 1,48
Salut 1.44
Serens .47
Egeont
Sikne
Tierra
Towanda 1.37
foldstone 0.04923/0,0268
detterson 0.0405/0,62393
Qarmin 0.03048/0.03%4¢
Labquark 0.03814/0,02804
Jeleont 0.05644/0.03233
Jadre 0.03017/0.03004
felanar 0.04424/0.03449
Wargin 0.1184/0.07014
Average 1.48 (.33
o/

N
382

3.37
1.99
.11
.97
2.34

22

0.03437/0. 01483
0.03422/0.01347

~0.03763/0.01274

0.02883/0. 01262
4.03647/0.01018

" 0.0389%/0,01687

00291970, 01344
0.1488/0.03428
2.84

¥23
338

.22

503‘
479
§.0t
7.58

1.82
§.18
¢.1539/¢.02558
0.1384/0.01993
0.09191/0.012%¢
0.07734/0.0114
0.2365/0.02483

autes used to Oetermane Ratios of Peak Survace and Jownhole Trangverse decelerations

2
' 308

L.l
i

0.3

0.0601710.03832
0.04342/0. 04884
0.03915/0.0288¢
0.04343/0,03749
0.03045/0. 64184

© 0.02519/0.08318

0.147670.03483

Vaules Used %0 Deterains Ratics of Pesk Suréace and Bmhalﬂo Tﬁnsvmo Velecities

w27
33

Station .8
fpth = ¢
Event
Chancellor
Cadra
Kappeli
Salut
Serena
- Egeant
Bibne
Tierra
Tawanda
Galdstone
Jefferson
Barwin
Labquare
Geleont
fodie

1]

107
115
143

nayw
b ¥4

.n
108
1.2

r8|
.27

1.7

Oelanmar
Nardin
dverage

0,007052/0, 004618 0.007011/0.004%7

. - i
3'2‘ ¥
<

N T
ke 33. 5

LAt

210

L.46
.48

.54

! 1.48
0.003494/0,003047 0.004878/0.002638 0.004243/0.002599
0.005039/0. 004684 0.00435/0,003018 0.004846/0.002437
0.006773/0,004116 0.005193/0.002917 0.004504/0.002725
0.003052/0.004347 0.008124/0.004034 0.004339/0.002474
0.007284/0.007047 0,008112/0.004328 0.007039/0.004213

0.008947/0,008218 0,00745170,0050% .

- 0,000122/¢.007184 0,009393/0,005381
1.07 Ll 1.4}

L

Aeelé

0.003414/0.004347

08

9.92

.47
.12

L3

0:005192/0. 00288
0,00M3470,002292

0.000492/0,003437
0.00403/0. 002353

0.009423/0.003244
0.003119/0,0068%

1.42

Rev. 6
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0.0842/0.08352.
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Table A-4.2

Valuas Used to #cumlm Ratics of Surface and Doﬁmole
Ground Motions (Continued)

" vaules Used to Determine Ratics of Peak Surface and Domnnole Transverse Displacenents

Station
Depth - a
Event
Chanceller
Cabra
Kappeli
Salut -
Serena
Egnont
Gidae
- Yerra
Tewanda
. oldstene
\—feiterson

Baruin
Ladguark
Ieleont

Bodie
Delasar

Hartin
Average

W27
13

1.06

.06

w2s

0.1321/0.1373
0.15170.1493
0.2449/0,2518
0.1408/0.1321
0.2807/0. 249
1,1008/9. 1705
0.3319/0.303
0.2594/0,2406

“uun
82

1.33
1,09
L2
1.8
117

0.1813/0.107
0.1724/0.1284
0.1877/0.1311
0.294/0.1458 -
0.3291/0.199%
0.2926/0.203 .
0.25%9/0.2057
0.3274/0. 2004
‘l‘s

w23

L 7>}

338

1.43

1.03
.38

0.1155/0,08425
0.1433/0.09938

- 0.168/0.1201

0.1507/0.1079
0,2249/0, 1605

T 0.09403/0.1979
L

Abel$

308

w28

0.1703/0.0%32

373

194
1.3

1.42

0.1324/0.008308

0.1753/0.1247
0.180670.1024
0.2891/0.1848

0.09659/0. 2473

1.4

us

Rev.
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Sumnary of Depth Att#nna:ien Curves for Pesk UNE Ground Moticns
\

Table A4-)

« Component

Equation

Note:

Peak Vercical Akccl.

Peak Verctical Vil.

Peak Vertical Disp.

Peak Radial Accel.

Pcyk Radial Vel,

Peak Radial Disp.

‘Peak Transverss Accel.

Ptnk:Trtns§§£s¢3v.1
Peak thnsvntao Dllp

subscript ¢ s for dovuholo.

a4 = ag / (el.8E-3 2)
vg = vg / (.7.6;-‘ %)
d4 = &4 _
ad = &g / (.1 2E-3 l)

vd = vg / (e1.2E-3 2)
dd - d. / (.b.‘t" l)

&4 = ag 7/ (.2.3:-3 z)

vd = Vg / (.;.2203 z)
dg=dg / (e7.8E<4 2)

{s for surface, z {s depth in n

Tablc Ab-b

Dopth Aztonuation ot Colponnnt Ground Motions

o 1 '1 1 T 111 1
100 08 05 1 0.9 0.9 1 08 0. 0.9
200 07 09 1 0.8 0.8 09 0.6 0.8 0.9
00 0.6 08 1 07 0.7 0.9 0.5 0.7 0.8
@ 0.5 07 1 0.6 0.6 0.8 0.4 0.6 0.7
0 04 07 1 0.6 0.6 0.8 03 0.6 0.7

A&-16

Rev.

¢




Rev.
Table AGL-S

Ratios of Surface and Dowrhole PSRVS 1,2 & § K2

Tratien €23
, Verticsl' Radral Trangverse
Event LMz JM  SwWr LW IHr  TH LW M Sk
Ladquark 1.7 1.1 .7 1.2 r8 | 3.8 2.5 8.6 7.2
Chancellor 4.5 b | 2. .4 .1 3.5 1.8 S.1 . L3
Salat 1-7 3.' 3.8 ’-' 2-2 ‘o’ i s-s t.0
‘“9.“ .8 sS4 3.8 2.3 1.7 3.8 1.8 8.4 .3
Jeféerson 1.7 5.2 47 .1 2.8 2.9 3.1, 4.7 8.4
s’f.ﬂ‘ lo! S.I L4 203 1.2 3:’ lc‘ 4.8 11.2
&llltanl lo' 4.0 Lé 3.2 2.8 2.‘ ’.7 ‘.3 3.6
Egnont 1.4 3.5 S.7 2.4 4,5 4.3 2.0 5.0 5.3
Tamands 1.8 .4 .7 1.4 2,9 .4 2.8 4.0 3.2
Daruin 1.4 L1 503 3.2 4.4 ‘.S 2-1 63 ‘l’
Belaont 1.7 4.7 4.5 .9 rA 1.7 .0 3.9 13.0
Rardin 1 { 0-‘ l-. tc’ 0.7 1.0 l.l 0-' 1-5 ' J
‘V“‘q. !.6 .30' ‘.‘ 2-5 2.' 3-‘ 2-2 5-2 'n7
Statiom WI2/30
Vertical ‘ Radial Transverse
Eveat L N2 ik | IW 1 M r g Sz 1 Py LML
Labguark 1.5 3.6 1.4 1.2 2.3 0.8 24 2.3 .t
Chancellor .5 1. L7 1.9 2.7 0.6 3.0 .1 2.3
s‘l“t l-s 30‘ » 1.5 l-s 1.4 1-! I.I 2.5 1.4
Ku’.li 1.8 & 1.4 1.4 1.$ 1.0 1.6 .8 1.4
Jetferson 1.5 2.1 1.8 .37 1.3 0.8 b N | 1.8 1.3
Serena 1.4 .9 1 T A 1.4 0.7 1.1 2.3 1.4
Goldstone L3 31 L 13 1.1 0.8 34 .4 1§
mr. |-s 3“ t l-: ;1’ 0.9 ' 1-3 ln’ ;o: 1-6 ll‘
Tewanda 1.4 1.4 170 BESNES 19 AR 1 0.8 .4 2.0 2.0
Darmin L T 222 L5 Le 1.7 1.1 1.8 u? 3,3
Delamar 1.4 2.2 t.8 1.8 1.4 1.1 .2 1.4 1.4
“lmt ‘o‘ zn' ‘ l-‘ l-ﬁ ) ‘-‘ E 0.7 2.’ 2-7 lé
lodte I SN T TN WY Y Y GNP R X N 22 1)
“‘f‘i' l.: 1-0 lni lo‘ i l-l . 007 1.4 '-7 ls‘
Averaqe 1.5 .4 L3 1.5 1.6 0.9 2.4 2.3 1.4
Station 29 :‘ ‘ C 7
Vertical Radial - Transversa
vt 12 2H T 1N - 2K - SH - LK. 2M 3
Ladguart 1.4 S0 21 3.5 2.9 28 28 2 1.7
tierra 1.7 1.y 2.3 N | 3.8 1.1 Lt e 3.8
Salet .1 .0 3.1 3.3 .4 L3 LI 18
Jadterson .4 2 e X | .3 .0 r % SR A .3
- Seermma 1.4 . S B 3.3 3.8 1.2 1.2 1.7 1.5
Golestone 2.9 .9 U4 1.3 3.3 |5 SRR N | F . I ¥
Sarvin .3 3.3 §' 2 - Lo 4.0 ‘.4 41 3.0 31
l!llM! 1.1 3.1 1 303 ‘o‘ ’ 3.2 2-2 !-‘ lo’ lo’
fodie Q.7 L.t 0d 1.0 0.9 0.4 0.4 0.5 0.8

Nardin ¢ ‘21 3.0 b IR 4,0 .2 S.e 3.2 L3
dverage r S S - SRR | 3.7 2.9 .8 32 .2 1.8

AGLe17 : /




Table AG-S

Ratios of Surface and Dovnhole PSRVS 1,2 & § H2 (Concinued)

Station w2¢

.

Vertical

. Event 1 ¥ Fa
Latquark 1. 1.2
Salut t.1 {3
Jefterson 1.1 1.3
Serena LI L4
Soldstene 1.1 1.4
Temanta 1.1 1.4
Darmin 1,2 §e3
Delamar 1.2 1.3
feloont 1.1 13
"~ Jodie 1.1 e
Kargin I 1.4
Average Lt LS

Station W24

Vertical

Event 1 M2 ry.H
Eidne 3.1 4,2
Cadrs r ] 3.8
- RAverage 2.8 4.0

Station W27

" Vertical

Event 12 rg.

Kappelli 1.0 11

S N2
1.4

t.3

1.2
2.3
l.e
2"
1.3
1.0
2¢l
1.4
3.7
1.9

S Mg

2.9

4.4
3.8

In
1.2

Radial

1K P

- v gy
- =
-
-

* g ©® L)
Gt DD s e oy e e = ey e b
L 4 - & -

N—-.-:——Nc-

N e DO P Ao D

-k oup S m G gy G gen
by .
—— e ) we
-

o, Radial

RN S Y
LI X
3 23

2.6 . 4.0

Pt

~ Radial
ke M

0.’ lcl )

ik
N

N-N:—.—N-N

S -
e »
-

S He
13.8
.3

X

1.4

Ab-18

-
oD A mA

Transverse
1 W 2K bLH

1.2 1.2 9 |
1.3 1.9 (.9
1.2 1.4 1.3
1.2 | 14 SR P |
1.2 1.8 1.8
1.1 1.8 L1
1.3 1.2 1.2
1.3 1.4 1.4
1.1 1.4 1.5
x.s 'l’ liz
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Table AL-§

Values Usead u‘ Detesraine Ratiocs of Surface and Downhele

Statian IZS.

Event
Labquars
Chanceller
Salut
Kappeli
Jefferson
Serena
Goldstone
€qeont
Towanda
Darwin

1w

Jertital
1K

3.1

2.4

3.8

5.4
5.2

S.1

[}
2.8
2.4

L. 010.97 0.79/0.3

Beloont 1.2/0.7 1.5/0,32
Hardin § 0.72/1.3 0.4/0.33

Averige

1,41

Statien MI12/30

Event
Labguart
Chancellor
Salut
Kappeli
Jeftferson

. Serema

foldstone
Cadra
Tawanda
- Daruin

3.1

' chul

1Kk

- LR A o A o A en A

21
3.6
2.1
3.1
2.4
'2.‘
2.9
3.1

3
I8

2.48
Vertical
2

-3
!J
o |
4.2
t
3.9

Bodise 2/1.3
fverage 1.8
ftatim 8
vt 1z
Labguark 1.0
Tierra 1.7
Salut .y
Jefferson r ¥
Serema 1.4
Goldstene 2.9
Daruin

1.8/¢.710 110.3

§ He
207
2.9

: 3!‘
3..
()
4.4
b
s.’
207

$ M
1.4
1.7

1.8
1.4
1.§

R I
R E NS

.3
1.3

.8

LR H
!
.8
3.1
r N

I8

.4

beloont 1.4/0.75 1.7/6.5 1/0.3

1 W2
1-2
2.4
3.8
20:
ry|
.3
3.2
2"
leb

0.93/0.1 2/0.42 -
1,9/0.42 1.2/0,42 1.7/0.88 1.2/0.44 0.7/0.35 1.5/0.38 3/0.23
176,30 0.72/1.1 0.43/0.4 0.4/0.8 0.47/0.5 0.52/0.35 1/0.43
410

.51

.0/1.8 0.8/0.23 0.3/0.2 . llll

1.4

1R
3.3
4“4
3.3
3.4
3.3
303

0.67/8.1 276.3
26,3

Herdia ¢ 1.8/0.84 1.670.8 l.ﬁl@.’l 210.7

Average

2.06

3‘.55

L34

3.07

M-19

Rudial
T H2

PSRVS for 1,2, & 5 H2

-
3.8
Sls
4.9
3'5
.9
1.7
2.0
4.3
44

1 M2
T aed
ll'
2.4
1.8
Y
1.4
1.7
2

z.

t

Transverse

2 H
8.4
3.4

L H
1.2
8.1
8.4
8.3
a4
lllz
"
9.9
5.7

1.278, 27 0.9/0.2 1/0.48 0. ’5!0 2 10.18

.84

-
=9

Radi
2

.——-.-..-”NE
- .
Ged == O S8 B B wy N

3.43

Sk
‘..
4.4
1.3

t
0.8
7
0.8
1.3
0.0

.13

(R
2.0
3

2.1

l.‘
z.‘
1.7
3.4
3.3
2.

.

Transverse

in
2.3
r 8|
.3
2.8
1.8
2.3
2.‘
T4
2

L )

ik

3.3

1.8

"'

1.3
.4

1.9

l.é

2

G.SIIO.! 0.19/0.1 0.9/0.32 0.38/0.14 0.2/0.08
Delaser 2.1/1.5 0.670,27 0.44/8.2 1.5/0.03 0.55/0.4 0.22/0.2 0.870.3%6 0.42/0.25 €.23/0.1
Beleont 2.1/0.§ 0.09/0.3 0.3/0.19 1.2/0.8 0.358/0.4 0.2/0.20 1/0.34  0.45/0.24 0,2¢/0.1
0.52/0.2 0.27/0.1 1.170.98 0.5/0.33 0.14/0.2 1/0.4
Wardia 204 0.970.3 0.0/0.8 1.01.1 0.59970.4 0.4000.4 L0/1

'y

Radial
ry -
2.9
3.6
1.9

2.3

3.3
3.3

0.1

S bt
2.5
2.3

2

1.2
1.8

.4

20. :
lot -

3.1

X
3.2
"l

0.87/0.3 0.17/0.)

0.43/0.37 ¢.33/0.3

.28

Transverse

ry
.2
1.4
2.4
2.9
1.7
2.t

1.04

i,
1.7
al.

?
.3
1.5
.2

1.2/0.3 0.34/0.1 1.9/0.46 0.0/0,28 ¢6.34/0.1
1.3/0.47 0.43/0.3 1.8/0.8 10.83

0.34/0.1
Bodie  0.3/1.2 0.98/0.9 0.28/0.4 0.870.8 ¢.7/0. 76 0.19/0.3 0.7/0.88 0.43/0.8 0.16/0.3

1. 7,00‘2 0.’2!0.‘ 2.5!0.7 1. 1’0:5 00‘1'0-2

.87 .

.7

.47

L0
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| Table A4-6
|  Valuas Used to lbourum'uciu of Surface and Downhole

PSRVS for 1,2, & 5 HZ (Continued)
r

. Station 429

Vertical Radial Trangverse

. Event Il 2M SN 1 Iz Sh 1 K b H S
Labquark 1.1 1.2 1.4 t.1 1.0 L4 1.2 1.2 1.8
Satut 1.1 1.3 L 12 L.é 1. LI - l
Jetferson 14 1.3 1.2 2.4 2.4 35 | 12 1.1 L3
Serema L1 1.4 r% 4 L2 .3 i.4 1.2 1.4 1.3
Goldstane 1.1 1.4 1.6 181 1.§ 3 1.2 1S L
Towanda ) 1.1 1.4 201 L.t 1.7 lo7 1.4 1.8 ) 119}
farwin L7704 0.58/0.4 0.24/0.1 0,98/0.9 0.49/0.5 0.3/0.18 £.3/1  0.55/0.45 0.35/0.3

Delaser L./1.2 0.9/0.7 0.3/0.17 1/0.83 170, 0.38/0.1 1/0.75  0.770.§ 6.4/0.21
Beleont 1.7/1.4 1.3/1  0.4/0.19 1/0.9  0.75/0.4 0.5/0.30 1/0.91 170.62 .0.470.27
 Bodie LML 14072 0.26/0.1 0,75/0.6 0.82/0.4 0.4/0.97 1.9/1.5 0.8%/0.8 0.48/0.3
- Har@an  L.870.4 1.170.78 0.73/0.2 1.471.2 0.82/0.S 0.8/0.45 2.2/1.9 1.2/0.S 0.0/0.58
- A'"‘q. 112 L. 1.07 1.7 LN 1.8h 1.2 1.97 1.3

Station 2§

o Verticad Radial ~ Transverse
Event M 2 . Sh ik W in 1 e e W
Gidbne  0.970.29 1.3/0.31 1,470,408 0.0/0.2 1.1/0.19 1.8/0.13 0.53/0.5 $/0.4  1.800.5
Cadra  0.48/0.2 0.73/0,2 0.33/0.1 0,4/0.32 0.9/0.22 0.3/0.13 0.4/0.28 0.8/0.13 0.52:0.0
Average 20 SR A TR 1 B N B XA A X R 433 bt

Station 427

Vertical S nadial Transverse
Event &z ik S "1k 2k Ik t e r Y Tk

Kagpalli O.62/0.8 0.970.85 020702 0.6/0.49 0.0/0.71 0.35/0.2 0.48/0.4 110.8  0.39/0.2

M-20
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Table A4-7

Summary of PSRV bep:h Attenuation Curves for 1, 2 and § HZ

Component

500 0.6 0.4

Equacien
Vertical @ 1 Hz downhele = gurface ./ (el.2E-3 2)
Vercical @ 2 Mz dowvnhole = gurface / (el.8E-3 z)
Vertical @ 5 Hz downhole = lu:faéc / (e2.3E-3 2)
Radial @ 1 Hz downhole = surface / (el.2E-3 z)
'_ Radial @ 2 and S Hz downhole = surface / (el.8E-3 z)
Transverss @ 1 Hz dovnhole = gurface / (el.lE-3 2)
Transverss @ 2 & 5 Hz dowvnhole = surface / (el.8E-3 2)
‘ Table AG-8
Depth Attenuation of PSRVS at 1,2 and § HZ
6 1 1 1, 1 1 1 1 1 1
100 0.9 08 08 09 08 0.8 0.9 0.8 0.8
200 0.8 07 0.6 08 07 07 0.8 07 0.7
0 0.7 0.6 0.5 0.7 ‘0.6 0.6 0.7 0.6 0.6
400 0.6 0.5 0.6 0.6 0.5 0.5 06 0.5 0.5
‘ 0.3 0.6 0.6 T0.6 0.6 0.4

0.6 -

A6-21
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1.2.6.0 GENERAL EXPLORATORY SHAFT FACILITY

Subparts are: 1.2.6.1 Site
1.2.6.2 Utilities
1.2.6.3 Surface Facilities
1.2.6.4 First Shaft -
1.2.6.5 Second Shaft
1.2.6.6 Underground Excavations
1.2.6.7 Underground Utility Systems
1.2.6.8 Underground Tests

Definition of Subsystem Elements

The Exploratory Shaft Facility (ESF) is defined by those systems, subsystems, and compo-
nents used for in situ site characterization and performance confirmation testing of a candidate
site for a repository. The ESF is defined as the surface and underground facilities %including shafts
and connecting drifts) and sucﬁorting‘ systems required to support site characterization testing
at depth. (See Appendix A, Sketches 1, 2, 3, 4, and 5.)

Applicable Regulétiﬁl_j_éz.” Codes, and Specifications

It is the responsibility of the Architect-Engineer (A/E) to identify which specific regulations,
codes, and standards apply from the regulations, orders, codes, and specifications listed in this
document. Citations can be found in ‘each section of this document as applicable. Specific
citations for the applicable regulations, codes, and specifications can be found in the ESF Basis for -
Design Documents. Appendix E contains a listing of some additional commonly used regulations.
codes, and standards. é:cept for the 12/25/87 Draft Department of Energy Order DOE €430.1A,
the latest edition or revison of a regulation, code or standard in effect as of October 1, 1987, is
to be used. In the event of conflicting requirernents, the most stringent shall be applied. The
Director of the Waste Management Project Office (WMPO), or his designee, shall be requested
in writing to approve or obtain any required waivers. . -

Functional Requirenflents

1. .Sdppo'rt in situ site characterization for the Mined Geologic Di;pésal System and
provide testing facilities for in situ site characterization as required by DOE/OGR
~milestones and the §ite CharacterizationPlan. o

2. Provide an ESF whose permanent items can be incorporated into the repository
and which can be ysed to support phase | repository construction. Those items,
listed below, are the ESF permanent systems, structures, and components that shall
be designed, procured, and constructed to be incorporated into the repository. The

0-1
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permanent items mdst be deéigned to have a maintainable life and quality as specified
for the repository. : : '

--a. Underground 6pening(s) — space created by mining or drilling, including those
> “zones within trie rock altered by that process. . : o

b. Shaft Liner(s) — all components placed between the inside limits of the shaft
and the accesg}ible extent of the underground opening.

¢. Ground Sup otrt — any means used to reinforce Ar'ock‘and/or control the move-
ment of rock except for removable or replaceable hardware.

3. Provide a suitable location for in situ site characterization.

4. Provide equipment and facilities for ensdring a safe, healthful, and productive working
environment.

- 5. Provide the facilities to alert on-site personnel of possibly dangerous situations.

6. Provide design and construction methods that will demonstrate licensability and con-
structability for the tandidate repository. :

Performance Criteriza'

1. The ESF shall be designed to support site characterization by providing facilities to
meet the needs of in situ site characterization testing.

2. Underground openings shall be developed to meet the needs of in situ site characteri-
zation, including basic needs for the initially planned tests. Additionally an allowance
for uncertainties for the test area needs at the main test level has been set at 100

- percent; i.e., all major systems for ventilation, utilities, emergency egress. rock han-
dling, personnel support, and others shall be analyzed to determine the need for and
the impact associated with this uncertainty allowance. If it can be demonstrated that
critical parts of the allowance would require excessive costs, schedule, test disruption,
or other program impacts to design, procurement, and/or construction later (after
the basic test plan needs are completed), consideration shall be given to designing,
procuring, and/or constructing these critical items as part of the nitial facility. The
uncertainty allowance for each of the major ESF systems shall be determined by an

* analysis of the fallbu{ring systems: . - '

Description ~ Uncertainty Allowance

Underground test area at 100 pércent | | '
the main test level '

Systems i _ '

- Site : + DETERMIHED BY ANALYSES

- Utilities . | N THETELE | DESIGN

- Surface facilities . PHASE ™ -

- First shaft

- Second shaft .

- Underground iexcavations
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. Undergfound utility systems
- Underground tests

Spécific allowances for each major system shall be identified and incofporaté& prior
to the start of Title Il design (detailed design).

3. in situ and in-shaft ﬂesting shall satisfy the requirements of the DOE/ OGR milestones
and the Site Characterization Plan (SCP). :

4. Those ESF structures, systems. and components that are incorporated into the repos-
itory shall be designed and constructed to meet the requirements of 10 CFR Part 60.
Compliance with the requirements of 10 CFR Part 60 will be demonstrated in the
license application. ‘ K

5. ESF permanent structures, systems, and components that will be incorporated into
the repository shall/be designed and constructed with the same criteria, standards,
and Quality Assurance levels as required for the repository, to the extent known at
the time of ESF design. :

6. Drill cores from USW G-4 and other existing geologic data shall be used to design
the ESF shafts and underground openings. :

7. Quality and quantity of uncontaminated ventilation air supplied to the subsurface
facilities of the ESF system shall provide a safe, healthy, and productive working
~ environment to qpegating personnel. :

8. Alarm systems shall indicate when the various monitored conditions exceed predefer-
~ mined specified limits. Redundant systems shall be installed as required by applicable
regulations. ' .

9. Monitoring of conditions such as noise, noxious or flammable gas, and radon shall be
conducted in accordance with applicable federal, state, and local regulations.

10. ESF openings, bore!';oles. and their seals sHaII be designed so that they do not become
pathways that compromise the repository’s ability to meet the performance objectives
of 10 CFR Part 60. Compliance with this criterion will be demonstrated in the license
application. \ 7 .

11. -Shafts and other underground excavations ;hall be designed and constructed with rea-
sonably available technology similar to or corresponding with the techniques planned
for the candidate re(’rository. - ’ :

12. All geotechnical information and assumptions used in the design of underground

+ features (including seismic criteria) shall be consistent with information contained in
the baselined repository Reference Information Base (RIB) or traceable to NNWSI
Project published information. See Appendix D for the indexes and cross references
to other applicable ‘and referenceable Project documentation.

13. The ESF shall be designed to include on-site facilities and services that ensure a safe
and timely response to emergency conditions and that facilit<::. “he use of available
off-site services (méh as fire, police, medical, and ambulanct s.ivice) that may aid
in recovery from emergencies. '

|
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Interface Control 'ﬁequirements-'

1. The basic interface]‘ control requirements are established by the NNWSI Project ESF
Interface Control Pioceddre (ICPZ. Standard Operating Procedure (SOP) 03-05. This
“procedure is applicable to all work to be performed by participating organizations and
contractors during the engineering phases for the ESF. This is an interim procedure
and, as such, shall apply until the NNWSI Project Systems Engineering Management
Plan (SEMP) and the NNWSI Project Configuration Management Plan (CM%) with
appropriate implementing procedures have been finalized. approved, and implemented
within the NNWSI Project. Specific working groups may be formed, as required, to

coordinate Project-specific interfaces.

Coﬁstraints

1. The ESF system shall comply with all applicable federal environmental regulations
and with state and local environmental regulations consistent with the DOE's re-:
sponsibilities under the Nuclear Waste Policy Act of 1982 (NWPA). Such compliance
could include the following: - -

a. The designs for systems which contain point-source discharges of treated waste
waters into surface-water systems shall comply with the provisions of the Clean
Water Act (as amended) as implemented through the National Pollutant Dis-
charge Elimination System (NPDES) permit process. -

b. The design for the management and disposal of solid and any hazardous wastes
(excluding any radioactive wastes) shall be conducted in accordance with the re-
quirements of the Rescurce Conservation and Recovery Act
(RCRA) (as amended) which could include RCRA permitting for the hazardous
wastes. : .

c. The design for systems which handle, use, and/or dispose of any toxic sub-

“stances shall comply with the réquirements of the Toxic Substances Control

Act (TSCA), as amended. Federal regulations implementing TSCA are coded

- in Title 40, Chapter |, Subchapter R. - ,

d. The design of systems shall ensure that the noise levels of those systems shall

b;_'controlled in accordance with the requirements of the Noise Control Act of
1972. ! : o

e. The design forz an'yr system or activity involving hndergfbund injections shall
comply with the provision of the Safe Drinking Water Act (as amended) which

could require an Underground Injection Centrol (UIC) permit.

2. The ESF shall be designed so that the effects of credible disruptive events as definedin
the RIB (e.g., flooding, fires, and explosions) shall be limited from spreading; through
the facility. 1 : .

3. The engineered barrier system must be designed such that other systems. structures,
and components of tre ESF and the candidate repository do not eventually become

§
o
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ground-water flow paths and do not promote the release of radionuclides to the
accessible environrﬁent. ‘

The structures, systems, and components important to safety shall be designed so
that natural phenomena and environmental conditions anticipated at the ESF and
candidate repository will not interfere with necessary safety functions.

The structures, sysiems, and components important to safety shall be designed and
located to withstand the effects of credible fires and explosions as well as all other
postulated design basis accidents as defined in-the RIB.

. The ESF permanent systems, structures, and components important to safety shall

be designed to ensure continued safe repository operation or safe repository shutdown
and personnel evacuation, if necessary, under conditions resulting from the effects of
natural phenomena and design-basis accidents. , :

To the extent practicable, the ESF shall be designed to incorporate the use of non-
combustible and heat-resistant materials.

. :Th'erpre"dicted thermal and thermomechanical response of the host rock and surround-

ing strata, and the ground-water system shall be considered in the ESF design.

To the extent practicable and consistent with procurement regulations, consideration
of surplus governmént equipment shall be given to fulfill the requirements for the

support services and equipment.

The ESF shall be désign:éd. constructed, and operated to meet decommissioning and
closure requirements of applicable federal, state, and local codes. .
The design shall allow for ,=f|;‘:gitive and stationary source dust control at potential
dust generation areas such as roads and earth moving sites to minimize airborne
particulates, as required by applicable federal. state, and local codes.

Assumptions

1.

The site shall be located such that, bised on expected ground-water conditions, it

will be unlikely that engineering measures beyond reasonably available technology will
be required for ESF iconstruction. operation, or closure.

. The responsibilities'éf the NNWSI Projeét ESF par:tici‘pgnts iAre defined in the ESF

Project Management Plan. |
The d'esign shall a'sJume that the shaft subcontractor will be totally self-sufficient

with respect to the jphysial mine plant, except for government-furnished utilities,
equipment, and facilities. )

1
|
|
|
i
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N\ - 1.2.6.1 SITE

Subpar—t.s.afe: 1.26.1.1 Main Pad

1 1.2.6.1.2 Auxiliary Pads

11.2.6.1.3  Access Roads

- 1.2.6.1.4 - Site Drainage
Definition of Subsystem Elements

The ESF site is defined as the systems, subsystems and components located on
Government-owned land necessary for the development of the surface and underground facili-
ties and supporting systems required to support site characterization testing at depth. The site
is comprised of the main pad, auxiliary pads, access roads, and drainage system contained within
the boundaries of the ESF. - - : '

The ESF will be located in Coyote Wash on the eastern side of Yucca Mountain at an
elevation of about 4.130 feet and placed on a cut-and-fill rock shelf located on the side of the
hill that bounds the wash on the northeast.

~ Applicable Regulations, Codes, and Specifications
The design shall be in accdrdaqce‘ﬁt‘ith: .
1. Draft DOE 6430.1A dated 12/25:87, Division 1 General Requirements except for
the seismic requirements in 0111.2.7, Earthquake Loads, Division 2, Site and Civil
Engineering, Division 3, Concrete and Division §, Metals.
2. Nevada Revised Statues - Chapter 445, para. 705, item 8.
3. State of Nevada Department of Highways Section 201 through 212.
In addition, see Section 1.2.6.0, Applicable Rekul_ations. Codes. and Specifications.
| o
Functional Requirements
1. Site systems, si:bs)Jstems. and components are composed of general civil improve-
‘ments. This includes but is not fimited to clearing, grading, excavations, filling,
parking areas, flood protection, drainage systems, temporary roads, laydown areas,
- and top soil storage areas adequate to support construction and operation of the
U shafts, underground workings, and testing program.

2. Roads, building pads, utility corridors, and rock-storage areas shall be cleared. graded.
and stabilized. |

|
| 1-1
|
|
|
|




] : . ‘ - ReV. 6

3. The surface layout (site plan) must accommodate future expansion as determined by

the uncertainty allowance (see Section 1.2.6.0, Performance Criteria item 2).

Performance Criteria

1.

The site systems.ﬁsubsystems. and components shall provide a safe, healthful, and
productive working environment. '

Site systems, subs{yvstems. and features related to drainage ponds and rock storage
areas shall be designed and constructed for a maintainable 25-year life.

. Site preparation for shaft collars shall be designed and constructed for a maintainable

100-year life.

. Dust control shall be providéd at potential dust-generatioh areas such as roads and

earth moving sites.in order to minimize airborne particulates, as required by federal,
‘'state, and local codes.

The shafts and shaft collar areas shall be located and/or graded to protect them from
the probable maximum flood as defined in the RiB.

Interface Control Requirements

5y

The ESF designers shall c'_oordimtek with repository designers on ESF site location and layout
and on permanent ESF structures, systems. and components, and shall make available all design
information pertaining to the pérmanent ESF components during formal program design reviews.

In iddition. see Section 1;2.6.0. Interface Control Requirements.

Constraints

1.

3.
4.

The design and construction of the site (civil improvements) for the permanent ESF
structures, systems, and components shall not significantly increase the preferential
pathways for groundwater or radioactive waste migration to the accessible environ-
ment. oo : S

“The site systems, sﬁbiystems. and components shall ‘incorpbnte environmental im-
pact considerations with respect to ground disturbance, dust control, etc. (See Sec-
tion 1.2.6.0, Constraints item %1.) :

All storm-water runoff shall be controlled in an environmentally acceptable manner.

The design life for all ESF systems, compon'ents. and structures shall be as follows:

' E
!
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a. Permanen# ESF structures. systems, and components shall be designed and
constructed for a 100-year maintainable life. )

b. Drainage éonds and rock storage (muck pile) liners shail be designed and con-.
structed for a maintainable 25-year life.

-

\, } . : '
c. The design life for all other ESF systems, components, and structures shall be
maintainable for § years unless otherwise specified.

5. The first shaft, ES-1, shall be located at the intersection of the following coordinates:
ES63.630 and N766,255, as defined by the Nevada Coordinate System. :

6. The second shaftE. ES-2, shall be located at the intersection of the following coordi-
nates: £563,918 and N766,337, as defined by the Nevada Coordinate System.

7. Access to the ESF site pad from the east shall be controlled by a chain-link fence and
gates. ' : : )

8. Existing roads. utilities, and structures shall be incorporated into the ESF if this
“incorporation can be shown to be cost effective.

9. The area within the site boundaries shall be cleared of unusable roads, utilities, and
structures that interfere with the ESF.

10. The Jesigns for site preparation shall ensure that construction activities disturb only .
the minimum amount of land necessary to accomplish the project. -

11. Toosoil shall be stored in an environmentally acceptable manner.

12. The ESF shall be d‘esiEned'tq operate on a 3-shift-per-day, 7-days-per- week schedule
throughout both the SF construction and operation phases. - o

13. Lighting in operations a}eig ’shiﬂ support security requirements.

14. The design shall include 'con>side‘;atior§s" for site restoration.

Assumptions

1. Surface characteristics such as topography. ﬁseteogoidgiql conditions. and flood po-
tential are important factors in the process of designing surface facilities. It is incum-
bent upon the designers to include these factors during the design process.

2. All necessary civil work to support the site systems, subsystems, and components will
be completed in order to meet the schedule of approved in situ site characterization
activities. R : :

3. The natural terrain will provide a barrier to vehicle access from elsewhere on the site.

| |
i
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1.2.6.1.1 MAIN PAD

Definition of Subsysiem Elements

The main pad consists of the structures, systems, and components defi ned by the area pre-
pared to accommodate shaft collars, headframes, hoist systems, substations, offices, laboratories,
warehouse, contractor's temporary facilities, as well as other normal facilities such as parkmg

space,

Functional Requirements

/

The main pad shall provide an area of adequate size and shape to support all anticipated
structures, systems, and components that will be located near the shafts. This includes the
following |tems

OENeMRWN -

Roads (muck haulage and access)

ES-1 (plus standoff distances

ES-2 (plus standoff distances

Permanent hoist house(s) (plus standoff distances)
Headframes and back legs

Muck handling faculltles

First aid

Shop (plus equnpment storage)

Deleted

Substation 369 kV)

. Compressor(s)

. Ventilation fans (plus standoff dlstances)
. Standby generator(s) (plus fuel tanks)

. Utllmes(g

. Change house(s)

. Subcontractor facilities (offices, change house, shop)

. Trailers and parking

. Integrated data acquis:tlon system/commumcatnons building

power, water, sewage, commumcatnons)

Performance Criteria

1.

2.

The main pad shall e deslgned to handle potentval runoﬂ' in the existing natural
dramage channels from a probable maximum flood.

Site preparation for qhe shaft collars shall be designed and constmcted for a main-
tainable 100-year Ilfe

1.1-1
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Constraints o
\

1. The main pad sha‘l facilitate the safe and efficient flow of material and personnel
within the ESF sité‘. S

2. Buildings shall be s spaced as to allow sufficient room for construction and mainte-
nance of the facilities. '

Assumptions

1. The graded area for the ESF site does not need to be contiguous or even on a single
level if such an arrangement is cost effective (considering construction, operation,
and maintenance) ér provides for efficient operations.

- 1.1-2
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| |
1.2.6.1.2  AUXILIARY PADS

L

Definition of ,Subsys#em Elements

The auxiliary pads consist of the areas prepared to support the ESF construction and
operation. These pads include the G-4 laydown pad, explosives magazine pad, muck storage pad,
. topsoil storage pad, batch plant pad, water tank pad, lower storage pads, and other areas defined
as the design progresses. :

Functional Requirements

The auxiliary pads shall provide areas of adequate size and shape to support all anticipated
functions. This includes the following: i

Parking i

Utilities (power, water, sewage, communications)
Materials storage '

Storage and equipment (subcontractor and REECo)
Fuel and lubricants storage/tank

Explosive storage plus access roads

Batch plant o

Borrow pit ’ N
Water tank and access -

10. Muck storage e

11. Stock pile of topsoil -

12. Sewage disposal

13. Mine wastewater disposal”

14. Booster pump station

15. Warehouse (plus storage area)

wOeNNRWN

Performance Criteria

1. All auxiliary pads shall be designed to handle potential runoff of a 100 year storm

_ unless otherwise specified. The following pads shall be designed to the runogf potential

shown. r
Batch Plant #”ad 10 year storm
Lower Storage Pads 10 year storm
G-4 Pad : 25 year storm
Booster Pump Bldg. Pad 50 year storm

2. Drainage ponds and‘muck storage pile liners shall be designed and constructed for
a maintainable 25-year life. All other civil improvements for auxiliary pads shall be
designed and constructed for a maintainable 5-year life.

1.2-1
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Constraints
1. The auxiliary pads sha[“ facilitate the safe and efficient flow of material and personnel
within and around their respective areas. : :

2. The muck storage pad design shall ensure that the capacity includes allowances for
excavation overbreak and swell of broken rock.

3. The location and size of the explosives storage area shall be determined by the current |
California and Mine Health and Safety Administration (MSHA) regulations and the
MSHA table of distances.

4. The auxiliary pad desl n and construction shall ensure considerations for expansion
(uncertainty allowanc’es.

Assumptions

1. The graded areas for the auxiliary pad(s) do not need to be contiguous or even
on a single level if such an arrangement is cost effective (considering construction,
operation, and maintenance) or provides for efficient operations.

! . 122
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1.2.6.2 UTILITIES

Power systems

Water Systems

Sewage Systems
Communication System
Mine Wastewater System
Compressed Air System

Subpacts are:

od foud Gl fb Pb Pub

R 1 o o o o
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Definition of 'Subsy'stem Elements

The utilities systems, subsystems. structures, qnd components include provisions for power,
water, sewage, commumcatuons mine wastewater, and compressed air. ,

Applicablé gﬁegulati’ons. Codes, and Specifications

The power systems s‘iia"u bé designed in accordance with the following:

Electrical Power

1. Draft DOE 6&30 1A dated 12/25/87 Division 16 Electrica! . l

2. ANSINFPA-70 .- .

3. ANSIC.2 (
Lighting 7

1. Draft DOE 6430.1A dated 12/25/87, Division 16, Electrical |
Stand-by Power _ ' | |

- 1. Draft DOE 6430.1A dated 12/25/87 Division 16 Electrical |

Uninterruptible Power | R o v

1. ant DOE 6430.1A dated 12/25/87 Dmston 16 Electncal _ '

2. IEEE-485 - ” :

3. . IEEE-650 '

The water systems shall he designed in accordance with the followmg

1.  Draft DOE 6430 1A dated 12,2587 Division 2 Site and Civil Engmeenng and '
~ Division 15, Mechanical ,

2. Nevada Revuséd Statutes, Chapter 445, paragraphs .121 through .139

3. NEPA 20. 22 24

|
|

$
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The sewage systems shall be designed in accordance with the following: |

1. Draft DOE 6430.1A dated 12 25 87 Division 2, Site and Civil Engineering
2. Nevada Revised Statutes, Chapter 445, paragraph .121 through .139

The cotiimunications syitem design shall be in accordance with the folloWing:
1. Draft DOE 6430.1A dated 12'25. 87 Division 16 Electrical
The mine wastewater system shall be designed in accordance with the following:

1. 30 CFR, Chapter 1

2. Nevada mining law and California mine and tunnel safety orders
3.  Nevada Revised Statutes, Chapter 445 :

4. DOE order 5480.1A '

The compressed air systém shall be designed in accordance with the following:

1.7 Draft DOE 6430.1A dated 12/25/87 Division 2 Site and Civil Engineering
:2. 30 CFR, Chapter 1 - '
3. Nevada mining law

4. California mine and tunnel safety orders

In addition.visge Seétioq,i.Z.ﬁ.O. Applicable Regulations, Codes. and Specifications.

Functional Requiféin‘ghts

1. The utility systems, subsystems, and facilities shall provide electrical power, water,
sewer, mine wastewater disposal, telephone, communications, compressed air, and
area lighting to the ESF adequate to support construction and operation of the shafts,
_underground workings, and the ESF testing program during site characterization.

Performance Criteria

1. The utility services; such as power, water, ;"nd communications. shall have the capa-
bifity of meeting ESF needs and be constructed and made available to meet all of the
~ requirements for cd)nstruction and operation of the ESF. -

2. Utilities such as eleétric power, compressed air, and water systems shall be provided to
underground construction, operations, and in situ site characterization areas. When
installed, these systems shall not restrict foot, vehicular, or shaft conveyance traffic;
obstruct ventilation; or cause health and safety concerns. '

2:2
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Interface Control Requirements

1. The A/E must recognize that interfaces with Central Telephone Company of Nevada
for communications and the Nevada Test Site (NTS) for utility supply will be required.
Also see Section 1.2.6.0, Interface Control Requirements.

Constraints

1. The offsite utilities shall be considered as extending from the closest tie-in point off
the ESF site to its designated point on the ESF site.

Assumptions

1. Solid refuse will be hauled to an existing landfill on the NTS.

i“
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“ 1.2.6.2.1 POWER SYSTEMS

Definition of Subsystem Elements

The power systems are defined as those systems. subsystems, components. and structures
that supply electrical power to the ESF site. These systems include, but are not limited to, the
ESF site substation, extension of the existing 69-kV overhead power line, a secondary power line
(to the booster pump station), surface lighting, a stand-by power generation system. and an
uninterruptable power system (UPS). - . /

Functional Requirements

Electrical power systems shall provide alt of the necessary power. during both normal and
peak demands, for the construction and operation of the ESF.

Sundby poﬁer sy§t§ms i’shall provide all of the necessary power to systems and subsystéms
that have been identified as required to operate in the event of a power outage based on safety,
operational, or security requirements, for the construction and operation of the ESF.

— The UPS shall provide all of the necessary power to systems and subsystems that cannot
: tolerate a loss of power incident. : '

Performance Criteria

1. The UPS, consistii)g of standb} batteries and inverter, shall ensure continuity of
power to the Integrated Data System (IDS), safety instruments and controls. and
communications that cannot tolerate a power interruption.

2. _Power distribution for the ESF, including the primary and secondary substations,
transmission lines, and feeder cables, shall be adequately designed. with sufficient
redundancy to meet load requirements at points of usage throughout the operations
areas. Suitable switching and protective devices shall be provided in the electrical
system to prevent damage to the equipment in case of power failure or faults. Suffi-
cient metering shall be provided to establish the demand and consumption of power.

Adequate primary surge protection and a well-engineered separ’ate’!_"n_fety,'.%munding [
~ system shall be provided in order to maximize personnel and equipment safety.

3. A 69-kV overhead power line shall be designed to be routed from the existing 69-kV

line (at the NTS boundary) te a main substation at th *3F site to accommodate all -
_ of the anticipated electrical loads during the construction and operation of the ESF.
U In addition, the maig substation at the ESF site shall be designed to accommodate
aEl; ;f the anticipated electrical loads during the construction and operations of the

. ! .

$
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4 The pov‘ve} distribution system shall ﬁrovide adequate services from the main. ESF
substation to theisurface and subsurface facilities.

* 5. The surface facilities power distribution system shall include the appropriate services
-to surface-mounted equipment. Surface-mounted equipment (permanent and tem-
porary) includes, but is not limited to: '

a. Hoists and controls
- b. Air compressor(s)
. Ventilation fans
. Communication equipment, as required
. Main water supply pump(s)
Shaft-work-deck winches and miscellaneous motors
. Trailers ~
. Shops
i. Lights

an

o ™0

6. The electrical system shall be designed to withstand windblown dust and other natural
~phenomena.

7 The subsurface facilities power distribution system shall be defined in Section 1.2.6.7.1 ]
8. The standby power system shall provide standby power for safety and security lighting.

9. The standby power system shall-include generators. fuel tanks. transfer switches,
necessary fuel piping, conduit and wire, cutouts, concrete work, and weatherproof -
enclosures. The generators shall have sufficient output to provide power for the
hoists (to allow for evacuation of all underground personnel within the time allowed),
ventilation, area lighting, and surface computer equipment that would be damaged by
a power failure. The allowable delay time between the loss of primary power and the
availability of standby power will be dictated by safety considerations of the mining -
operation. : Lo

10. Standby genentoris shall b{é’ins:_til!éd‘ and have the capability to suppon'the hoisting
" systems when the hoist(s) become operational. o

Constr_aints

1. The normal suppl)[« of electrical power shall be provided by a substation to be con-
structed at the ESF site. Power for this substation shall be supplied from an existing
69-kV overhead péwer line extending from Canyon Substation in Jackass Flats to the
'NTS boundary 6.2 miles away. T

2. The design of the. électrical system shall include the modifications that are required to
accommodate the tie-in of the proposed 69-kV transmission line between the Canyon
Substation and the main substation to be located at the ESF site.

3. The design shall incarparate existing NNWS! Project trinsformers snd switch gear as
much as practicable. SR T i

4. A vpower supply sh!all be available as soon as possible but no later than the start of
shaft construction, ) ' . :

2.1-2
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Assumptions |

None.
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1.2.6.3 SURFACE FACILITIES

Subparts are: .1 Ventilation System

.2 Test Support Facilities

.3 Trailer Spaces

4 Parking Areas

.5 Materials Storage Facilities
.6 Shop

.7 Warehouse

8 Trailers

.9 A&E Building (Area 25)
A

0 - Communications/Data Buuldmg

Tl el R s et R S
NNNNNNNNNN
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Definition of Subsystem Elements

The surface facilities system and subsystem includes all the facilities, systems, and services
for the surface buildings and trailers that are required for the support of ESF operations and in
situ site characterization. -

Applicable Regulétipns, Codes, and Specifications

The designs shall be in accord’é;lc:e wfth'

1. Draft DOE 6430. 1A dated December 25, 1987, except for Seismic Requnrements
0111-2.7, Earthquake Loads. | -

In addmon see Section 1. 2 6.0, Appllcable Regulatlons, Codes, and Specnﬁcatlons

Functional Requirements

1. Provide buildings and supporting equnpment for the followmg functions:

. Ventilation system
. Test support facilities
- 1) Test apparatus assembly pad

. Trailer spaces

. Parking areas
Surface mobjle equipment
Personnel parking
Vl$|tor parklng

Matenals storage facilities ' c i

Shop \ , : , v

. Warehouse | ' ' il

U'N
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3) Visitor parg_ing
e. Materials storage facilities
f. Shop ‘
g- Warehouse
h. Trailers .
Offices for Principal Investigators (Pls)
Offices for site security.
Offices for site operations staff
Offices for site administration and training
Offices for Quality Assurance .
Offices for support of shaft and facility construction
Laboratories, etc. -
Change trailers
First aid trailer
10) Test support trailer
11) NRC and State offices
i. A&E building &)Area 25)
1) DELETED
DELETED
DELETED
DELETED
DELETED
DELETED
DELETED
DELETED
DELETED
J- Communications and data building
1) Computer/control system’
2) Data acquisition (IDS)
3) Communications equipment

SO OO =3 Oh Y B L) N =
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2. Provide air quality fnonitériqgl

3. Provide water qualéty monitoriné (incld&ing the physical, chemical, and biological
characteristics of ESF wastewater, the receiving water body, and any other water
bodies that could be affected by ESF operations).

4. Provide dust control and/or collection facilities.
5. Provide for the detéction of and protection from fires and explosions.

6. Provide onsite trap{portation facilities for equiﬁmght. maieriéls. and rock.

Performance Critgrih

_ 1‘ . |
1. The surface facilities shall meet the operational requirements of the users.

| e
2. The surface facilities shall be designed and constructed for a nominal 5-year life,
unless otherwise rioted. o
[
|
| 3.2
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. The surface facilities and their locations shall (a) facilitate the flow of material and

personnel within the ESF site and (b) provide adequate ESF site security, including
controlled access anﬂ emergency response.

The-facilities shall be complete with Heating Ventilation and Air Conditioning (HVAC) §
compressed air, plumbing and sanitary facilities, lighting, communications, and fire
protection systems as appropriate for the intended use.

Surface facilities shall comblne functions when the combinations are cost effective.

The surface faclhtles shall be located away from potential dust generating areas to
the extent practicable.

Interface Control Requirements

See Sqétion 1.2.6.0. Interface Control Requirements.

Constraints

1.

The general layout 6} the surface facilities shall be designed to minimize disturbance
to the existing area.

To the extent practicable and economical, modular, relocatable, or portable structures
shall be considered for surface facshtles :

To the extent practicable and conslstent with procurement regulatlons. consideration
of surplus government equipment shall be given to fulfill the requirements for the

- surface facilities and equlpment

. Each inhabited structure shall have rest rooms, water heating, space heating, and air

conditioning, as requlred for the mtended use.

Assumptions

None.

EETT
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1.2.6.3.7 WAREHOUSE

.REV.

Defmltlon of Subsystem Elements

The warehouse shall include all the facilities. systems, and services for the safe storage and
dispensing of matena!s within the ESF.

Functional Requirements

/

Provide facilities for general warehousing in support of the ESF construction and operations.

Performance Criteria

1. The w’ihhobke shall meet the operational requirements of the users.

2. Space and equnpment shall support the functions of purchasing, storing, and dlspens
ing equipment and materials. and shall be sized to accommodate the inventory needed
for ESF opeutcons and in situ site characterization.

3. Storage of critical ccr_nponenu shall be under controlled access.

- 4. The warehouse shall proﬁvidé'kav chemical storage area.

Consfraints

1. The warehouse mli be deslgned and constructed as a prefabricated metal building.
2. The warehouse shall contain a rest room and off' ices.

3. The warehouse sﬁall be insulated and heated ln addmon. the office areas and rest
rooms shall be air fondnwned

Assumptions

. (deletid) |
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126.3.8 TEMPORARY FACILITIES y

Definition of Subsystem Elements

The temporary faculmes are defined by the facilities, systems. and services that will be |-
utilized for the offices. change rooms. first aid. and test support required to support ESF con-
struction, operations, and maintenance personnel for the site characterization program.

Functional Requirements

1. Temporary facilities may be provided for office spaces. : ' l

' 2 Temporary facilities may be provided for change rooms of sufficient size to provide ‘
~alt necessary personnel a place to change clothes.

31 A tempora_ry facility may be provided for the ﬁrst aid center. ]

4. Temporary fa:ilrties may be provided for test support functions. . -}

Performance Criteria

1. The first aid faculrty shﬂl provnde at Ieast 200 square feet for the fnrst aud facility, plus | |
50 square feet for storage.”.

Constraints

1- Office spaces shall‘be based on a minimurn'xof 100 square feet per office.

2. Overhead baskets E nd locker facilities -in the change room facility shall be sized to l
accommodate the ESF underground personnel for both operations and underground

~ testing.

Assumptions" -

1. The government owned ¢ ange:fauhty may satnsfy the requnrements for the change |
room trailers. I

o381
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- 1.2.6.3.9 I}&E BUILDING (AREA 25)
Section Deleted
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o | 1.2.6.4 FIRST SHAFT
~ ) ] S

Collar

Lining
Stations
Furnishings
Hoist System
Sump

Rev. 5

Subparts are;
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Definition of Subsystem Elements | |

The first shaft system is defined by the vertical engineered openings, within an 11-foot
radius of the shaft centerline, that connect the surface with the targeted horizons, provide safe
and controlled access to the targeted horizons for personnel, equipment. underground service
systems, and includes the materials required for development of the underground drifts and
excavations, as well as underground testing operations. :

Applicable(Régul(ait_ions. Codes, and Specifications

— See Section 1.2.6.0.‘5"Applic!ble Regulations, Codes, and Specifications.

Functional Requirements

1. Provide safe access between the ESF si:;faée and the underground portion of the ESF

to meet the needs of underground site characterization testing (at two levels). The l
flexibility to sink sliufts in Calico Hills will be maintained. ,

2._Provide for testingz in the shaft as required. .

3. Provide for water drainage and/or control in the shaft.

4. Provide means for emergency egress.

Performance Criteria
1. The shaft shall be designed and constructed such that it meets the requirernents of
personnel, lequipmefnt. materials, utilitizs; “cxcavated rock, and ventilation.

— : | 2. Permanent shaft s&ructures. systems. and components shall be designed and con-
structed for a main’iaimble 100-year design life’ ‘

4.1
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3. Structures, syste}ns. and ‘components shall be provided for effective water and ground
control. ‘ .

4. Muck handling systems shall be sized and designed for operation and in-situ site

characterization needs and shall minimize the spillage of rock during rock handling.

““This system shall provide capabilities for gathering and cleaning out rock spillage
from the shaft bettom. .

5. The location of openings for rock handling shall be selected to minimize effects on
the integrity of any other openings. '

_ 6. Appropriate gravity drainage and/or pumping systems shall be incorporated into the

shaft for draining water away from testing and other working areas to suitable collec-,

tion point(s) for further treatment and;or disposal.

7. The shaft and its drainage systems shall control standing water and air ‘water contact
surfaces where ventilation air will be flowing through in order to control the humidity
in the air and to maintain the quality of the ventilation air being supplied.

8. The size and shape of the shaft shall be adequate to supply and exhaust the required
volumes of air for underground construction, operation. and in situ site characteriza-
tion. .

9. The size and depth of the shaft shall be sufficient for in situ site characterization
needs in terms of testing, personnel, materials, equipment, utilities, and schedule.

10. The size and layout of the shaft shall be adequate for in-situ site characterization
needs and capable of supporting the excavation allowances determined under General
Exploratory Shaft Facility requirements, Section 1.2.6.0, Performance Criteria item

#2.

11. Shaft design and }construct,ion shall provide for ESF design and construction test-
ing, performance confirmation, and in situ site characterization testing to the extent
necessary. : : ' '

12. Necessary shaft facilities and equipmentfrequired for handling excavated rock, mate-
rials, equipment, and supplies shall support construction, operations, and in situ site
characterization testing. -

13.- Water handling and contral in the shaft shall be sized for credible water inflows.

14. Support facilities, utilities, and equipment shall be dgsigned and constructed to ac-
commodate conventional shaft sinking techniques (i.e., drill and blast).

15. Shaft instrumentaﬁcn will be protected from physical di‘magﬂe.

16. The shaft shall bé excavated and structurally lined usiﬁg methods and materials
based upon conventional shaft construction technology for the shaft diameter and
depth under consideration. ) . :

|

YA Functioml'requir.en%ients of the shafts may be assigned to either of the shafts.

i
\
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Interface Control Requirements

See Section 1.2.6.0, Intlcrfacc Control"chuircments. _

—

Constraints

10.

. The shaft and its &urmshmgs shall be designed to minimize air resistance to the extent

practicable.

Techniques used ior shaft excavation shall control overbreak of rock and minimize
disturbance to thc integrity of the adjoining rock mass.

The shaft will be designed to provide stability and to minimize the potential for
deleterious rock movement or fracturing that may create.a pathway for radlonuchde
migration.

. The use of blasting agents, explosives, and vratcr shall be controlled so that in situ

site cha’ractcrization is not adversely affected.

Rock support and other structural anchoring materials shall be compatible with waste
isolation and shall neither interfere with radionuclide contalnmcnt nor enhance ra-
dionuclide mrgratlon

Ventilation air vclocmcs in the shaft shall not cxcced 2.000 feet per minute.

Ventilation capacrty shaft design, and air velocities in the shaft shall be optimized
with respect to the NNWSI Project objectives.

The predicted thermal and thermomechanical response of the host rock and surround-
lr;*; strata and groundwater system shall be designed to withstand the anticipated
etiects.

. The centerline coordmatc locmon of ES-1 (science shaft) shall bc N766.255,

ES63,630 as defined by the Nevada Coordinate System.

The shaft shall be connécted with ES- 2 (second shaft) prior to full-scale in situ testing
on the Main Test Level (1020 fevel). * - ,

11. -Utility fines, shaft stcel etc., shall be desrgned such that the underground electrical

12

13.

Assumptions» R -

grounding system is clcctrrcally bonded to thc surface e!ectncal "safety” grounding

system.

The shaft shall bc deslgned and constructed such that its nominal finished inside
drameter is 12 fecu : :

Shaft permanent structures shall bc dcs: ncd and constructed to withstand the effects
of the seismic cvcnts as defined in the

.

None.

43
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1.2.6.4.5 HOIST SYSTEM

Definition of Subsystem Elements

The Hoist system is defined as those systems and components for the transportation of
personnel and equipment between the surface and subsurface to meet the needs of ESF shaft
sinking, construction, and underground site characterization testing. The hoist system includes
;hg st}:uctural steel members used to support the hoisting conveyance, the headframes, and the

oist house. ;

‘The hoist house is defined as those facilities to accommodate one hoist operator and the

necessary equipment and instrumentation for the hoist, air compressor system, control room,
electrical and motor control centers, and an area for repairs and lay down.

Functional Requirements

The-hoist system shall ptov)ide for,thé transport and‘ support of personnel, materials, and
construction equipment, and serve as the emergency egress from the underground during shaft
sinking, ESF construction (mining operations), and underground testing.

1. The ESF hoisting system capacities shall be consistent with the requirements of ESF
_construction, operation, and underground site characterization needs.

2. The hoisting conveyince shall be designed to permit the inipeqtion of shaft perfor-
mance monitoring instrumentation, as well as other shaft inspection and maintenance
activities. © ‘ S

3. The conveyance systém shall consist of a cage and sinkingbucke':t in an out-of-balance
arrangement operated by a ground-mounted hoist.

4. The cage shall be deisigned to act as a crosshead for the sinking bucket.

5. The hoist shall be de%signed with a separate and independent power distribution sys-
tem . : ‘
. (

6. The hoisting systems[ shall have a rated capacity sufficient for emergency egress.

$
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7. H.ea'dframe shall elevate the hoist sheaves sufficiently above the collar level to provide

10.

11.

12.

13.

14.

room for normal conveyance unloading and over-travel allowances.
|

A hoist foundation shall be provided to accommodate the hoist dimensions and mount-

ing details. independent of the hoist house foundation.

The hoist house control and operator's room shall be complete with a heating and
air conditiohing system :

The headframe shall provnde sufficient facilities for dumpmg buckets during shaft
construction. ;

The headframe shall be designed and constructed to serve subsurface construction
and underground test operations.

Clearances in the headframe directly above the collar shail be designed to accommo-
date the rigging of all anticipated underground equipment.

The hoisting systems shall be designed and constructed for the evacuation of all
underground personnel to safety within one hour.

Area floo’d.lighting and lightning protection shall be pro\vided atop the shaft head-
frame.

Constraints

1.

2.

The hoisting system shail be designed to have all necessary safety features.

The hoist shall be designed to accommodate the uncertainty allowance (see Section
1.2.6.0, Performance Criteria |tem -2 )

Assumptions

1.
2.

DELETED

The existing GFE 900 HP hoist shall be used for shaft smkmg and ESF construction
and operatlon actmnes
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1.2.6.5 SECOND SHAFT

Collar

Lining

Station
Furnishings
Hoist System
Sump

Subparts are:

bt g s be b e
MM N
oo O
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Definition of Subsystem Elements

-~

The second shaft system is defined by those systems, subsystems, and components that are
comprised of vertical engineered openings, within 11 feet of the shaft centerline. that connects the
surface with the targeteg repository horizon. The system provides safe and controlled access to the
targeted repository horizon for personnel, equipment, underground service systems, and materials
required for development of the underground drifts and excavations, as well as underground
testing operations. The second shaft will serve as the primary muck hoisting shaft for test area
development.

Applicable Regulations, Codes, .and Specifications

See Section 1.2.6.0, Applicable Regulations, Codes, and Specifications.

Functional Requirements

1. Provide safe access between the ESF surface and the candidate repository horizon to
meet the needs of site characterization testing, emergency egress. ventilation intake
and exhaust, major muck handling, and primary transport of heavy equipment.

2. Provide for water drainage and/or control in the shaft.

3. Provide for testing in the shaft as required.

Performance Criteria

1. The shaft shall be designed and constructed such that it meets the emergency egress,
. ventilation, mining land testing requirements. : ' :
. < ._.a.',x.,‘;g ..“ ..‘
2. Permanent shaft structures. systems, and components shall be designed and con-
structed for a maintinable 100-year design life. '

5-1
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3. The shaft shall se“rve as the primary rock hoisting and construction support shaft.

4. Muck handling sx:'ftems shall be sized and designed for ESF operations and in situ site
characterization needs and shall minimize the spillage of rock during rock handling.
This ‘system shal’ provide capabilities for gathering and cleaning out rock spillage

“from the shaft bottom. \

5. Structrres. systems, and components shall be provided for effective water and ground.
control.

6. Appropriate gravity drainage and/or pumping systems shall be incorporated into the
shaft for draining water away from testing and other working areas to suitable collec-
tion point(s) for further treatment and/or disposal. i

7. The shaft and its drainage systems shall control standing water and air/water contact
surfaces where ventilation air will be fiowing through in order to control the humidity
in the air and to maintain the quality of the ventilation air being supplied.

8. The size and shape of the shaft shall be adequate to supply and exhaust the required
volumes of air for underground construction, operation, and in situ site characteriza-
tion.

S. The shaft and its fumishings shall be designed to minimize air resistance to the extent
practicable. - :

10. The size and depih. of the shaft shall be sufficient for in-situ site characterization
needs in terms of testing, personnel, materials, equipment, utilities, and schedule.

11. The size and layout of the shaft shall be adequate for in-situ site characterization
needs and capable of supporting the excavation allowances determined under General .
Exploratory Shaft Facility requirements Section 1.2.6.0, Performance Criteria 2.

12. Shaft design and f:onstruciion shall ‘provide for ESF design and construction test-
ing, performance confirmation, and in situ site characterization testing to the extent
necessary. : o ‘

13. Shaft design and construction shall provide for ESF design and construction test-
ing, performance confirmation, and in situ site characterization testing to the extent
necessary. ? o .

14." Necessary shaft fat.%ilities and equipment redﬁired forvﬁandling excavated rock. mate-
rials, equipment, and supplies shall support construction, operations. and in situ site

characterization testing. _ : o |
15. Water handling ana control in the shaft shall be sized férvqlr_edible water inflows.

16. Support facilities, utilities. and equipment shall be desigﬁed and constructed to ac-
commodate conven"tional shaft sinking techniques (i.e., drill and blast).

17. The shaft shall be1 excavted and structurally .lined’ using methods and materials

based upon conventionii! shaft construction technology for the shaft diameter and
depth under consideration.

5.2
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Interface Control Requirements

See Section 1.2.6.0, Interface Control Requirements.

~ Constraints
1. The functional requurements of the shafts may be assngned to either of the shafts.

2. Techniques used »for shaft excavation shall contro! overbreak of rock and minimize
~ disturbance to the integrity of the adjoining rock mass.

3. The shaft will be designed to provide stability and to minimize the potential for
deleterious rock movement or fracturmg that may create a pathway for radionuclide
migration.

4. The use of blasting agents, explosives and water shall be controlied so that in situ
site characterization is not adversely affected.

5. Rock support and other structural anchoring materials shall be compatible with waste
‘isolation and shall neither interfere with radionuclide containment nor enhance ra-
dionuclide migration.

6. Ventilation air ueloeities in the shaft shall not exceed 2,000 feet per’mirmte

7. Ventilation eapacuty. shaft design, and air velocities in the shaft shall be optimized
- with respect to the NNWSI Project objectives.

8. The predicted thermal and thermomechanical response of the host rock and surround-
ing strata and groundwater system shall be considered in the ESF design as defined -
in the RIB. Phased construction techniques shall be employed to accommodate post-
construction thermal stresses.

9. The s:uft shall be designed and constructed such that its nominal finished diameter
is 12 feet

10. The centerline coordinate location of the ES-2 (second shaft), in the Nevada Coor-
dinate System, shall be N766,337; E £63,918.

11. The shaft shall be connected with ES 1 (scnence shaft) prior to full-scale in situ testing
- on the Main Test Level (1020-level).

12. The location of openings for rock hmdlmg shall be se!ected to minimize effects on
the integrity of any other openings.

13. Utility lines, shaft Lteet etc., shall be designed such that the the underground electrical
groundmg system is e!er.trlcally bonded to the surface electncal "safety” grounding
system.

14. Shaft permanent structures shall be deslgned and constructed to accommadate seis-
mic events as defmed in the RIB.
"Assumptlom ‘
|
None. |
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1.2.6.6 UNDERGROUND EXCAVATIONS

Operations Support Areas

Subparts are: © 1.2.6.6.1
' - 1.2.6.6.2 Test Areas

Definition of Subsystem Elements

The underground excavations are defined as those underground openings 5 feet beyond the
shaft liner that extend away from the shaft stations and which comprise the excavations at the
proposed test levels and the preferred repository horizon, based on the needs for underground site
characterization.

Functional Requirements

1. Provide underground openings in welded and nonwelded tuff for in situ site charac-
- terization construction, operations, and maintenance. -

2. Provide comﬁatibi,ity with the repository conceptual design so that the test level
development does not adversely impact future repository development.

3. Provide the specific excavation required for shaft stations, muck storage, refuge cham-
bers, power centers, shop and storage areas, fueling, sanitation, ventilation, utilities,
drifts, test levels, test rooms and alcoves, communications. IDS, service, special func-
tion, and other areas as determined by the in situ site characterization program.

4. Provide a system for remo\;fng excavated rock to the shaft.

Performance Criteria

1. Underground openings shall be designed and constructed to minimize impacts on
underground site ci[:aracterization. ' ~

2. Underground openi\pgs within the Topo;/u’h Spring welded and non-welded tuff shall
be designed and co&stmcted to meet testing, personnel, equipment, utility, and ven-
tilation requirements. - :

3. Underground openiijgs within the Topopah Spring unit shall be designed to provide
stability and to minimize the potential for deleterious rock movement or fracturing
that may create a qathway for radionuclide migration. ... ~

4. Rock support and q’ther structural anchoring materials used in"ro.ck support systems
shall be compatible with waste isolation operations and shall neither interfere with

radionuclide contair*ment nor enhance radionuclide migration.
|
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§. The design of unferground openings an_d> their supports shall utilize pillar and opening
geometries that limit stress concentration to acceptable levels.

6. The size, shape, :excéyation and support of underground openings shall be adequate
-20 meet transfer }eqmrements for excavated rock. personnel. equipment, ventilation,
utilities and the t‘mderground test plan.

7. A station landing\ and test drifts will be constructed as part of the ES-1 shaft at the
Upper Demonstration Breakout Room. The flexibility to drift in the Calico Hills will {
be maintained.

8. Underground openings shall be designed to minimize air resistance to the extent
practicable. ) . ‘

9. Underground excavated areas shall be designed for safe and maintainable ground‘
support and control where required.

10. The 't;st level development will be accomplished by conventional mining (drill. blast,
muck). :

11. Full fa’te. blast hole drilling will be accomplished by using a multi-boom drill jumbe.

12. The testing requirements outlined in Appendix B will serve as the basis for the test
level development. : : o

13. Dry air coring will be required for some tests.

14. Permanent (as defined in Section 1.2.6.0, Functional Requirements item =2.) ESF
structures, systems, and components shall be designed and constructed with a 100-
year maintainable life.

15. Nonpermanent undefgroAund' facilities shall be designed and constructed with a main-
tainable 5-year life. : :

16. Instrument cables shall be separated from power cables in drifts to minimize electrical
interference. Instrument and 1DS cables shall be contained in overhead runs to protect
them from damage. : . :

17. The size and layoﬁt of the openings exéavited on the test levels shall be adequate
~for in situ site characterization needs and capable of supporting additional excavation
beyond the initially planned test areas (see Section 1.2.6.0, Performance Criteria item

#2.).

18. Appropriate giivityi_ dfainage and/or pumping sysiéms shall be incorporated in un-
derground openings for draining water away from testing and other working areas to
suitable collection point(s) for further treatment and/or disposal.

19. During in situ site characterization testing, facilities shall be provided for at least 10
. visitors underground at any one time. L

20. The maintenance, refueling, and equipment storage areas shall be desigdéd and lo-
cated to minimize tlhe fire and safety risks.

21. A refuge chamber(s) shall be provided with sufficient capacity and facilities to ac-
commodate personnel underground.

8 |
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22. The equipment and facilities required for excavaiing and handling rock shall meet the
needs of construction and testing activities and shall be capable of supporting the
uncertainty allowajwce (see Section 1.2.6.0. Performance Criteria item 52.).

23. Excavation techniques shall control overbreak of rock and minimize disturbance to
the integrity of the adjoining rock mass.

24. The chemical con%ent of the blasting agents and explosives shall be controlled to
preclude adverse effects on in situ site characterization.

Constraints

1. The underground test and operations support areas shall be parallel to the dip of the
tuff stratigraphy to the extent practicable and safe. :

2. The proposed Main Test Level floor within the Topopah Spring Member at the first
shaft will be defined as the 1020 level.

3. The ventilation iysﬁem shall be designed to provide an air cooling power greater than -
or equal to 400 watts per square meter.

4 Tatfgets to be utilized in the design and construction of the underground drifts can
be found on Sketch Number §, Appendix A.

Assumptions

1. Mucking will be accomplished by using rubber-tired, diesel—powgred equipment.
2. Groundwater inﬂow} will not be an ad&é@e factor during mining operations.

3. The use of water inithe devebphent of u}nde'rground openings shall be minimized to
the extent practicable. . ,
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1.2.6.6.2 TEST AREAS

Rev. %

Definition of Subsystem Elements

The test areas are define& as those openings excavated in ES-1 (science shaft) at the
Upper Demonstration Breakout Room and the Main Test Level for conducting underground site
characterization tests at the potential repository horizon and other geologic horizons.

Functional Requirements

The test areas shall provide excavated space of adequate size and appropriate opening
geometry to conduct the necessary underground site characterization test activities.

Performance Criteria

1. The number and the size of openings shall satisfy -underground testing needs in terms
of personnel, materials, equipment, and utilities as found in the Underground Test
Requirements in Appendix B. :

2. ESF structures, systems, components, and operations must accommoda_te‘additionil
tests and monitoring if required (see Section 1.2.6.0, Performance Criteria item =2.).

3. Underground test iareas:’shxill have a minimum excavation width of 14 feet and a
minimum height of 12 feet..

Constraints

1. .Test areas shall be separated so they are not affected by the excavation disturbed
zone, geotechnical edge effects, thermal, mechanical, chemical, and hydrological in--
teractions. | o S o
1

Assumptions

None.

6.2-1



Rev.

1.2.6.7 UNDERGROUND UTILITY SYSTEMS

Subparts are:- - ! 7.1 Power Distribution System

7.2 Communications System

7.3 Lighting System

7.4 Ventilation System

1.5 Water Distribution System

6.7.6 Mine Wastewater Collection System
7.7 Compressed Air Distribution System
7.8 Fire Protection System
7.9 Muck Handling Systems
.7.10 Sanitary Facilities
.7.11  Monitoring and Warning Systems

st etalistolol sl ol ool
NN
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Definitidﬁ of Subsystem Elements

“

The underground utility systems, subsystems, and components include provisions for power,
communications, lighting, ventilation, water, mine wastewater, compressed air, fire protection,
excavation and muck handling, sanitary, and monitoring and warning systems required to meet the .
needs of the underground site characterization testing program during construction and operation.

Applicable Codes, Reg’ul«ations, and Speciﬁcations'

General

1." 30 CFR Part 57

2. Nevada Mining Law

3. California Mine and Tunnel Safety Order: _

Electrical ' |

1. Draft DOE 6430.1A dated 12/ 25/87 Division 16 Electncal
2. ANSKLNFPA.70

3. ANSIC.2

Lighting' _
1. Draft DOE 5430.1A"\ dated 12/25/37. Division 16 Electrical
Stand-by power |

1. Diaft DOE 6430. 1A‘ dated 12,25/87, Division 16 Electrical

0
i
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Uninterruptible power .
1. Draft DOE 6430.iA dated 12,2587, Division 16 Electrical ' I
2. IEEE-485
3. -4EEE-650

Water systems

1. Draft DOE 6430.1A dated 12/25;87. Division 2 Site and Civil Engineering and Divi-. l
sion 15 Mechanical

2. NRS Chapter 445, paragraphs .121 through .139

Mine wastewater system

1. Draft DOE 6430.1A dated 12/25/87 Division 2 Site and Civil Engineering |

Ventilation system and dust control

1. '.Amgritan Institute of Government Hygienists, _Industrial Ventilation, Manual of
Recommended Practice A

In addition, ‘see Seétion‘_l.Z.G.O. Applicable Codes, Regulations. and Specifications. |

Functional Requirements

1. Provide utilities ‘f.of dndetgréhdd ESF operations, in situ site characterization, and
monitoring activities. .

2. Provide facilities 'ar;d equip‘}nent for the installation and maintenance of the under-
ground utilities. ' .

3. Provide for the distribution of utilities around the operations area of the Main Test
Level in such a manner to allow for flexibility in the siting and construction of the
final testing locations. L

' Performance Criteria

1. The underground utility systems and service facilities shall have suitable utilities,
including power, lights, water and compressed air, as required for construction, op-
erations, and in situ site characterization. and shall be capable of supporting the
‘uncertainty allowances as defined in Section 1.2.6.0, Performance Criteria item #2.

2. The utility services s*-all include minimal backup units for primary power lines, primary
““pumps. shaft conveyances, primary ventilation fans, and primary communications and
testing equipment to allow testing continuity based upon NNWSI Project analysis.
\‘ .
3. Cranes, lifting equipment. and shop machinery shall be consistent with maintenance
needs. : '
I
1.2

. .




| . ) Rev. 6

Interface Control Requirements

See Section 1.2.6.0, Interface Contro! Requirements.

Constraints

1. Utility systems (i.e., electric ﬁ&ﬁer;:air‘,”wate'r;";tCJ)', when installed, shall not re-
strict foot, vehicular, or shaft conveyance traffic; obstruct ventilation; or cause safety
hazards.

2. In the selection of equipment that will require maintenance, consideration shall be
given to: ' |

a. The availability and cost of replacement materials and parts.
b. The need for equipment manufacturer's technical services.
Assumptions

None.

13
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1.2.6.8 UNDERGROUND TESTS

Subparts are: Integrated Data Acquisition System (IDS)
o Geological Tests :

Geomechanics Tests

Near-Field and Thermally Perturbed Tests

Hydrologic and Transport Phenomena Tests

Prototype Tests

. e gt
NN
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Definition of Subsystem Elements

_ The underground test systems are defined by those activities associated with test equipment
installation. test execution, test data recording, and test analysis for in situ site characterization
to be performed within the Yucca Mountain ESF.

’

Applicable Regulations, Codes, and Specifications

The design requirements and criteria for the Integrated Data System (IDS) can be found in
the Technical Requirements for the Integrated Data System of the NNWSI Project Exploratory
Shaft Facility. See SDRD Volume llf Appendix D, Reference Project Documentation.

See Section 1.2.6.0, for a“dditiona‘l Abp_iicable Regulations, Codes. and Specifications.

Functional Requirements

The underground tests shall proviae the means for the implementation of site characteriza-
tion testing plans and provide data to support performance confirmation testing. :

Performance Criteria )
1. In situ site characterization shall meet applicable requirements of 10 CFR part 60 and
10 CFR part 960. “ o

2. In situ site characfe}iiation shall meet the applicable requirements of the Site Char-
acterization Plan (SCP). :
- ‘. . '
3. Testing plans must provide for feedback and modification as a result of initial and
ongoing tests and monitored results. ‘

f ;
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Testing instrpmehtation hardware. cables. computer equipment. and data acquisition
and monitoring systems, shall be designed to withstand the expected underground
environment. : '

Reports shall coﬁtain a&equ_ate visual and diagrammatic information to make the
*'gongiuct. setup, and objectives of all the tests clear to readers outside the NNWSI
roject. .

In situ site qharacterization shall provide reliable information with specified accuracy
and uncertainty as determined by the NNWSI Project.

Measurements, tests, and analyses shall be sufficient to determine the performance
of the ESF and the effects of ESF construction on in situ site characterization.

. An uninterruptable power supplyF system shall be available to ensure continuous op-

eration of equipment and instrumentation related to critical testing as determined by
the NNWSI Project through analysis.

Written procedures shall be developed for the procurement. construction, installation,

- maintenance, and operation of testing instruments, and data collection facilities.

‘Performance confirmation testing shall be carried out to meet the requirements of 10
CFR 60, Subpart F.

Constraints

1.

3.

4.

5.

Tests shall be designed and located within the facility to ensure that thermal, mechan-
ical, chemical, and hydrological interactions will not endanger the structural stability
of the ESF or adversely affect tests conducted in adjacent areas.

Testing shall not affect overall site i'nvtegrity of the Mined Geologic Disposal System
as required by 10 CFR 60.112. g

Testing equipment requirements, inc!udiﬁg design life, shall be based on the perfor-
mance goals of the tests. o

-Tests shall be classified according to primary information needs (i.e., site charac-
terization. ESF site characterization, ESF design confirmation, repository design, or
performance confirmation) and defined with respect to duration, scale. and space re-
quirements. This c!assification and definition shall be the basis for equipment design,
underground layou : ventilation, personnel, and utility requirements.

The ESF shafts shall be connected prior to initiation of ful!jséile in situ testing.

Interface Control Requirements

See Section 1.2.6.0. lnter:far.e Contrel Réﬁuirements.

‘ .
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Assumptions

1. Planned tesiing and m‘onitoring will be conducted in the ES.] (sciencea shaft, the

Upper Demonstration Breakout Room and the Main Test Level. The exibility to l
drift in_the Calico Hills will be maintained. o

3. The underground utility system at the Main Test Level shall be sufficient to accom-
modate drifting and testing at any point surrounding the immediate operations area.
See Section 1.2.6.7, Underground Utility Systems.

83
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1.2.6.8.5 HYDROLOGIC AND TRANSPORT PHENOMENA TESTS

Definition of Subsystem Elements

The hydrologic and transport phenomena tests are defined as those tests that are requi}ed
to charactenze the hydrologic and transport phenomena of the welded and nonwelded tuff. These
properties are an integral part of the information needed to:

1. supplement and complement the surface-based hydrologic information needed to char-
acterize the Yucca Mountain site; and , :

2. provide information for analyiing fluid flow and the potential for radionuclide transport
through unsaturated tuff.

Functional Requirements

Provide the test plans, tesi data, eq»uipment. and instrumentation to access and record the
detailed hydrologic and transport phenomena characteristics of the potential repository site.

Performance Criteria |

1. Field and Iaboratory; methods shall be used to measure the rock-matrix hydrologic

properties on large-rock samples collected from selected horizons during excavation
of the Exploratory Shaft (ES-1).

2. Fluid flow and chemical transport measurements shall be conducted in the labora-
tory on variably saturated single fractures. Samples will be obtained from the main
test level and the b*eakout levels by bolting perpendicular to a fracture and then
overcoring. | : S

3. In situ fluid flow and chemical transport measurements shall be made through frac-
ture networks in variably saturated welded tuff. This test will be an infiltration test
performed by trickling tracer-tagged water onto the floor of a specially designed drift.

4. In situ bulk (tockmjss) permeability measurements shall be made within bounded
rock mass blocks of the Topopah Spring welded unit at the main test level. This test
will utilize a test ehahber and parallel boreholes.

‘1
| $
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5. In situ rockmass hidrologic properties mgasurement; shall be made at 12 depth lo-
cations in ES-1 using two radial boreholes at each depth drilled perpendicular to the

!

shaft and perpendiﬁular to each other.

6. Measurements shall be made to determine the effect excavating and lining ES-1 will
bave on the hydrologic properties of the unsaturated welded tuff. The tests will
be conducted in vertical boreholes drilled in radial arrangements in the floors of the
two breakout rooms and will consist of air-permeability, deformation, and moisture
content measurements. ' ‘

7. DELETED

8. If perched-water zones are encountered duriné construction of ES-1, then borehole
. hydrological measurements and geologic characterization shall be conducted to detect
the occurrence and estimate the properties of the perched-water zones.

9. Hydrochemistry analysis of the unsaturated zone water shall be made on pore-water
samples obtained from bulk rock samples taken from the walls of ES-1 at various
horizons and from fracture water samples taken directly from the shaft where inflow
is observed. '

10. The rate of water movement downward through the unsaturated zone to the water
table beneath Yucca Mountain shall be determined by conducting Chlorine-36 tracer
measurements of pore or fracture water from blast rubble rock obtained at various_
depths within ES-1.

11. In situ diffusion test measurements shall be made on nonsorbing tracers in the
Topopah Spring welded unit. Tracers wili be introduced into boreholes and later

- overcoring will be conducted to obtain tracer concentrations as a function of distance
from the borehole. T S

Constraints

See Section 1.2.6.8, iConstraints. |

Assumptions

None.
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ESF TEST QESCRIPTION AND REQUIREMENTS

) . ‘ : : Rev.
T TEST PLAN TITLE (ESTP) [ 2. PR UE OATE 3. DATE PAGE
INTEGRATED DATA SYSTEM 2/18/88 5/2/88 | 1 of 23

4. REY ISSUE Provide QA | 5. TEST PLAN NUMBER (A85) | 6. LOG NUMB
Level [ System For Collecting | 1.2.6.9.3 )
and Archiving ESF Test Data., |

* For IDS Phase 1 only; For Phase I, ‘see attachments 1 thru 7.
11, TeST PACKAGE COSTS - .

.TOTAL ESTIMATE TO DATE RUNCERTAINTY ON ESTIMATE TO COMPLETE

TBD

12, REFERENCES . k
Nevada Nuclear Waste Storage Investigations Project, Exploratory Shaft Facflity,
Integrated Data System Tﬁ tie I, Preliminary Design, March 2 1988, Prepared by
EG&G Energy Heasurements. Las Vegas Operations.

REV. HO. D'TE | 3 DESCRIPTION ) PI TPO 4_WMPO
1 5/3/88

TPAL IRVESTIGATOR | 8, TECANICAL PROJECT OFFICER| S WASTE VANAGENENT PROJECT 1
(PI) APPROVAL : (TPO) APPROVAL ' OFFICE (WMPO) STAFF APPROVAL:
Robert J. Crowley D$na1d T. Oakley Lester P. Skousen, Chief
. TJech. Dev. & Eng. Branch
a ADDRESS/PHONE 8a ADDRES’?T PHONE 92 ADDRESS/PHONE .
Los Alamos Nat'l Lab. Los Alamos Nat'l Laboratory | Waste Management Project 0ffice
P.0. Box 1663, MS G787 P. 0. Box 1663, MS J521 U.S. Dept. of Energy
Los Alamos, NM 87545 Los Alamos, NM 87545 Box 14100, LV., NV 89114
FTS 843-7459 FTS 843-1310 FTS 544-7929 .
10. TECHNICAL DESCRIPTIONS ‘ Will Be Deliverabl
Attached Provided Date
a. Equipment Requirements/specification M) X * 10/88
b. Equipment Data Sheets N (| 10/88
c. Equipment Ca_talog Sheets 1 O 10/88
' - - See Ittacﬁment4
d. [nstallation Requirements & Space Allocgtion [X D 1 thru 6
e. Operational Requirements & Space Allocation 1 X 10/88
f. Maintenance Requireménts & Space Allocation a X 10/88
g. System Interfaces a K 10/88
~h. Utility Interfaces O X 10/88
o 0 See Attachment
§. Utility Requirements 8
L See Attachment
j. Deliverables, Milestones, & Schedule ~ | 1 9
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ESF TEST DESCRIPTION AND REQUIREMENTS

EST PLAN TITLE (ESTP) 1 DATE ' “Page
INTEGRATED DATA SYSTEM | 5/2/88 2 of 28

Rev. 6

3. GENERAL DESCRIPTIONMOF 1es7 P}AN

® Provide a Data Acqu!sition System to collect ESF Site Characterization Data
' |
throughout the ES-1 and drift space.

Provide interfaces to the various equipments used by the Experimenters to allow

timely control and data gathering functions.

* To periodically distribute QA Level I data to the Experimenters and to

archive all data collected by the IDS in a secure 1ocation.

14, SYSTEM INTERFACES

* Data acquisition and calibration to all test sensafs.

* Test controllers furnished by SNL, LANL, LLNL and USGS.

* Communications Systems betueen the 10§ main computer facility, downho1e test

Jocations and the testing;otg;nizations at Los Alamos, Livermore, Albuquerque

_and Denver. . ' L.

*_Utility systems §u_ie ES-1 shaft and drift spaces.

|
\
|
i
|
|
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ESF TEST DESCRIPTION AND REQUIREMENTS

. : B | ‘ ' Rev. 6
YEST PLAN TITLE (ESTP) ' : - DATE Page ]
* INTEGRATED OATA SYSTEM f 5/2/88 o 3 0f 28
(Y j .
15. SUMMARY OF TEST PLAN ITEMS A&D RESPONSIBILITIES »
. |
Test Item | Primary Responsibility Designed by Procured by Fabricated by Date Req.
~IDS LAKL E EG&G EGEG - EG&G * 4/89
UPS System LANL ALE REECO VENDOR | * 4/89
Power LANL ALE REECO ~ REECO * 4/89
IDS Data ‘ T
Communication LANL £G&G EG&G EG&G * 4/89
xternal IDS . -
Communica tion " LANL ALE REECO REECO * 4/89
Telephones & -
Intercoms LANL A&E REECO CENTEL * 4/89
IDS Space O LANL ALE REECO | - REECO * 4/89
\
. |
\
o |
( | |

* DS Phase 1 only; For Phase IT, see attached schedule.



ESF TEST DRSCRIPTION AND REQUIREMENTS
|

Rev. 6

TEST FLAN TITLE (ESTP) i DATE Page
INTEGRATED DATA SYSTEM ; - |-s5/2/88 , __& _of 28

16. MAXIMUM TEST AREA REQUIRED AND SPACE ALLOCATION

See Attachments 1 thru 7. These sketches are for reference only. Exact
dimensions, placement and utility requirement will be provided as the
information is developed.




ESF TEST DESCRIPTION AND REQUIREMEETS )
Rev.

TEST PLAN TITLE (ESTP) DATE T TPage
INTEGRATED DATA SYSTEM ! S$/2/88 5 0f 28

17. TEST DIMENSIONAL OUTLINE

See Actachments l'tﬁtu 7




ESP FEST DESCRIPTIOR AND REQUIREMENTS

Rev. 6

TEST PLAN TITLE (ESTP)
INTEGRATED DATA SYSTEM

DATE
5/2/88

Page

6 Of 28

See Attachments 1 thru 7.

[ 18. PLANS, SECTIONS, AND ELEVATIONS




ESP TEST DESCRIPTION AND REQUIREMEAXS-

TEST PLAN TITLE (ESTP) ‘ ' DATE Page
INTEGRATED DATA SYSTEM 1 ' 5/2/88 : _1_of 28

19. UTILITY INTERFACES - LIST QJANTITIES, CONSUMPTIONS, INPUTS, OUTPUTS,'ETC.

A. AIR NONE

B. WATER _Fire sprinkler system at IDS Surface Bldg. and at IDS Data Alcove on
wain test level. Domestic water at Main Surface Bldg.
Fire protection requirements TED.

C. POWER See attached NNWSI IDS equipment lists.
See Attachment 8.

D. VENTILA!ION‘.Sufficient'io remove heat from all spaces containing
- computer equipment. See Attachment 8.

E. DATA LINK TBD

F. OTHER (SPECIFY) Phones, Intercom

20. DESIGK CORSTRAINTS

~ The minimum sgparation between power cabling and signal cabling (of) either twisted

‘ ahielded pair or coax type) should be 5 ft. 1£ the powver wiring i{s in conduit (not open

rlceways) and 10 ft. 1if the power wiring is ‘not 1n conduit. All crossings of power and

signal cabling should be at rig t angles uith the maximum;practieal separation.

Separation of power wiring and fiber optic cabling’ ‘18 not critical with respect to

distance.

21. DESIGN ASSUMPTIONS




ESF TEST DESCRIPTION AND REQUIREMENTS

| . Rev. ¢
TEST PLAN TITLE (ESTP) DATE Page
INTEGRATED DATA SYSTEM ‘ 5/2/88 _8 of 28
32, DELIVERABLES i Estimated
: DESCRIPTION ‘ DELIVER TO DATE
i
|
» |
TBD :
23. MILESTONES (Estimated) (Estimated)
’ TARGET COMPLETION
DESCRIPTION DATE DATE

See Attachment 9.




ESF TEST DESCRIPTION AND REQUIREMENTS

Rev. 6

TEST PLAN TITLE (ESTP)
INTEGRATED DATA SYSTEM

21. STATUS DATE
5/2/88

PLAN DATE

Page .
9 Of 28

24. TEST PLAN NUMBER

|

23, PRINCIPAL INVESTIGATOR
Robert J. Crowley

25. MILESTONE

“See Attachment 9

ACTIVITY DELIVERABLES

25. CALENDER TIME (Eetimated)




ESF TEST OPERASIONAL‘DESCRIPTION AND REQUIREMENTS SUMMARY

Rev. 6
TEST PLAN TITLE (ESTP) | DATE [ Page
INTEGRATED DATA SYSTEM | 5/2/88 ’ 10 of 28
26. REFERENCE OPERATING PROCEDURE 27 . DURATION OF TEST

NUMBER AND TITLE

J

Calendar Days

26. DESCRIPTION OF HEN)CRAFTS REQUIRED TO INRSTALL, CRECkOUT, OPERATE AND DISMANTLE TEST
P

_PHASE CRAFT NUMBER DURATION

INSTALL

CHECKOUT
OPERATE

DISMANTLE

Information TBD

29. TOTAL MANPOWER AND SCHEDULE REQUIREMENTS

PHASE o MAK-DAYS CALENDAR TIME DATES

INSTALLATION

CHECKOUT

'OPERATE

DISMANTLE

30. TOTALS

31. DESCRIPTION OF MATERAILS (CONSUHABLES OPERAIING ETC.) RBQUIRED TO CHECK 00T
_ AND PERFORM THE TEST(S).

' DESCRIPTION | ~ - ' COST(S)

}

| -

32. ESTIMATED CONSUMABLE mxm’[x. COSTS § TBD

|
|




ESF TEST OéERA:IONAL‘DESCRIPTION AND REQUIREMENTS SUMMAR®

TEST PLAN TITLE (ESTP)
INTEGRATED DATA SYSTEM

DATE
5/2/88

Rev. 6

Fage
11 of 28

ST

|

|

|

33.  OPERATTONAL WILESTONE ACTIVITY/
' DELIVERABLES J

See Attached Schedile.

25.

CALENDER TIME (Estimated)

-

'
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5/3/88

IDs

6

ATTACH MEAT 4

> : sIve
gé 08 SURFACE FACILITY POWER
UTHITY
08
P e stions ETHERNETY
Recelvers B
108
Computer Center Transmittere T

Undergrovnd .
Elecirical Subslation

= MAIN TEST LEVEL
— ORIFTS
. /
Maz possible
separation
between inst,
_ Sensor —————— _cables & .
Sensor’ - all ethers
- ] o
: ingg \
- Ingluden "'"Don, \/o‘
} MPEX LOTe PI Seneor
Plozemeters Junction Gon
Sirain Gages
Siresamelets
Lond Cete

Tomperaivwre Sensors

108 OATA ACOQUISITION STATION
Ostas Acquisiilen Processor
& Ceontrol Unit
Memory Herdware
ETHERNET Yape

ETHERNEY Receiver/
Teansmiller

Analeg=-Digiis) Converters
Myltipioners
Slgnal Conditioaing

*v—

Alrtoch

.

BPECIFICATIONS

Melal (Baliy) Tyoe

Ale Look Bniry

UPrS Pewer: .
S0VA 120/240V

Utlilly Power: 13aVA

Tomp

AH $0% NC

NOTE: Both UPS § Ulliity power must be able 10 be supplled from an emergancy generator

D

108 Data Acquisition Station

)

EVMenngy A
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1

! ATT - 2

-
MTL lqs EQUIPMENT. LOCATIONS

|
The sketch for the IDSvDJta Alcove a2rd the DS Dats Acqu:i:siticen
Stations at the main test leve! w:ll be revised and coodinated
shrough the [CWE. 1 :

_l



COMPONENT NAME: DATA &
SUPPORTED TESTS: DIFEL

SEMSOR TYPES:
LOCATION: MAIN TEST
CIZE: 9x20x8.5 feot,
CONSTRUCTION: METAL
MOUNTING: COMCRETE P
PORER REO, UPS:20 KU
ENUIROMMENTAL RED, @

Aw'mc_u Mmers— 8

t EuC)

e tww

4 %,

{BALLY)Y TVYPE,

an
A, 1207240

k]
rnuouyco ERADE

TATION )
RATION

- in

NUMEER :

AIR LOCY ENTRY

Ui, UTIL 'TY:

IDS 5/3/88

ACROSS DRIFT FROM INEILTRATION TEGT
CLEARANCE

1€ ¥UA 180TH ON EMERG)

12 MW COMPUTER MEAT 104D

COMPUTER SHUTDOQWN

FIRE REQ.: HALON SAFETY:
COMMUNICATIONS: 2 ETHERNET LOOP-THRU, TELEPHOMNE, INTERCOM
CABLING: [0S: SENSOR:

NOTES: 10@@. CHANNEL CAPACITY,k NON-REDUNDAMY

COMDONENT NAME: DATA

SUPPORTED TESTS: &uL:

SENSOR TYPES:
LOCATION: MAIN TEST
S12E: 9x20@x8.5 feet,
MOUNTING: CONCRETE P
POWER REQ. UPS:20 KV
ENVIRONMENTAL REQ.:
FIRE REQ.: HALON

ACOUIS

1T10M
§ PERMZAZILI

Ty,

STATInN n
v

ST
P :

NUMBER ¢

LEVEL, AnJarsnr’fo BuLk PERMEARILITY TEET
4 ft. CLEAPANCE -
CONSTRUCTION: METAL (BALLY) TYPE, PIP Lorx ENTRY

L Ut

AD
A,

COHPUT‘R ERADE ,

COMMUNICATIONS: 2 ETHERNET LOOP-THRYU, TELEPHONE,’

CABLINE: 1DS:

SENSOR:

NOTES: 1800 CHANNEL CAPACITY, NON-RECUNDANT

\

1207240, 3 Wi’ UTILITY. 1S KUA (ROTH ON EMERG)
12 nu COMPUTER HEAT LOAD
‘SAFETY: .-

COMPUTER SHUTDOWN
"INTERCOM

Page 19 of 28

Rev, ¢

es-23-2

(14



IDS 5/3/88

|
|
&NwSl [0S EQUIPMENT

N

' |
COMPONENT NAME: DATA ACQUISITION STATION t2
SUPPORTED TESTS: LOWER DEMONSTRATION BREAKOUT ROOM TESTS

SENSOR TYPES: ’ NUMBER :

LOCATION: MAIN TEST LEVEL, ADJACENT TO LDBR

SIZE: 9x20xB8.5 feet, 4 ft. CLEARANCE

CONSTRUCTION: METAL (BALLY) TYPE, AIR LOCK ENTRY

MOUNTING: CONCRETE PAD . '

POWER REQ. UPS:20 KVA, 120/24@, 3 WI. UTILITY: 1S KVA (BOTH ON EMERG)
ENVIRONMENTAL REQ.: COHPUTER GRADE , 12 KW COMPUTER HEAT LOAD

FIRE REQ.: HALON SAFETY: COMPUTER SHUTOOWN
COMMUNICATIONS: 2 ETHERNET LOOP-THRU, TELEPHONE, INTERCOM
CABLING: 1DS: SENSOR:

NOTES: 180@ CHANNEL CAPACITY, NON-REDUNDANT

COMPONENT NAME: DATA ACQUISITION STATION 34
:Uppnr.r:g TES‘!’S, -EQU:NT"I' npn:] nlnlN».
SENSOR TYPES: ffff . NUMBER:

LOCATION: MAIN TEST LEuEL | ADJACENT TO SEQUENTIaL DRIFT MININE TEST
SIZE: 9x2@x8.5 feet, 4 ft. CLEARANCE .

CONSTRUCTION: METAL (BALLY) TYPE, AIP anu ENTRY

MOUNTING: CONCRETE PAD :
POWER REQ. UPS:20 kva, 120/240, 3 wI.,UTIL!TY- IS KVA 1BOTH ON EMERE)
ENVIRONMENTAL REQ.: COMPUTER GRADE, 12 KW COMPUTER HEAT LORD

FIRE REQ.: MALON fSAFETY' - COMPUTER SHUTDOWN
COMMUNICATIONS: 2 ETHERNET LOOP-THRY, TELEPHONE ,” INTERCOM
CABLINS: 1DS: SENSCR:

NOTES: IOGG CHANNEL CAPACITY NON-REDUNDANT -

Page 20 of 28

Rev. 6

25-@3-9¢8



IDS 5/3/88 Page 2! of 28

Rev. 6
o
i : 2S-23-88
NNWSI 10S EQUISHENT

|

COMPONENT NAME: DATA ACOUISITION STATION 1S
SUPPORTED TESTS: WASTE PACKAGE HORIZONTAL TEST

SENSOR TYPES: NUMBER:

LOCATION: MAIN TEST LEVEL ACROSS DRIFT FROM WP HORIZONTAL TEST

SIZE: 9x20x8.5 feet, 4 ft. CLEARANCE

CONSTRUCTION: METAL (BALLY) TYPE, AIR LOCK ENTRY

MOUNTING: CONCRETE PAD A
POWER RED. UPS:2@ KVA, 120/24@, 3 WI. UTILITY: 15 XUA (BOTH ON EMERS)
ENVIRONMENTAL REQ.: COMPUTER SRADE, 12 KW COMPUTER HEAT LOAD

FIRE REQ.: HALON SAFETY: COMPUTER SHUTDOWN .
COMMUNICATIONS: 2 ETHERNET LOOP-THRY, TELEPHONE, INTERCOM
CABLING: 10S: - SENSOR:

NOTES: 1000 CHANNEL CAPACITY, NON-REDUNDANT

COMPONENT NAME: DATA prgulgltlnn STATION 6
SYEPORTED TESTS: WASTE ppnwgr: u:nrrrq. T1EST

SEMSOR TYPES: 7 NumBeeR: '
LOCATION: maIN TEST LEVEL, ACROSS: DRIFT FROM WP VERTICAL TEST

SLZE: 9x20:8.5 feet, 4 ft. CLEARANCE .- - :

CONSTRUCTION: METAL (BALLY) TYPE, AIR LOC! ENTRY

MOUNTING: CONCRETE PAD

POMER REQ. UPS:26 KVA, 120/24@, 3 wI. UTILITY: 15 XVA (BOTH ON EMERE)
ENUIRONMENTAL REQ.: COMPUTER GRADE, 12 KW .COMPUTER HEAT LDAD

FIRE REQ.: HALON : . <SAFETY: . COMPUTER SHUTDOWN
COMMUNICATIONS: 2 ETHERNET LOOP-THRU, TELEPHONE, INTERCOﬂ
CABLINE: 10S: SENSOR:

NOTES: 100@ CHANNEL CAPhCITY NON-REDUNDANT

(51



IDS  5/3/88 Page 22 of 2

NNWS1 105 EQUIPMENT

Y

’ |
COMPONENT NAME: DATA ACQUISITION STATION #7?
SUPPORTED TESTS: UPPER DEMONSTRATION BREAKOUT ROOM TESTS

SENSOR TYPES: i NUMBER:
LOCATION: UDER :

SI2E: 9x20x8.5 feet, 4 ft. CLEARANCE

CONSTRUCTION: METAL (BALLY) TYPE, AIR LOCK ENTRY

MOUNTING: CONCRETE PAD

POWER REQ. UPS:20 KVA, 120/24@, 3 WI. UTILITY: 1S KUA (BOTH ON EMERG)
ENVIRONMENTAL REQ.: COMPUTER GRADE, 12 KW COMPUTER HEAT LDAD K

FIRE REQ.: HALON -SAFETY:  COMPUTER SHUTDOWN
COMMUNICATIONS: 2 ETHERNET LOOP-THRU, TELEPHONE, INTERCOM
LABLING: IDS: SENSOR:

NOTES: 1000 ‘CHANNEL CﬁPﬁClTY NON REDUNDANT

. o

COMPONENT NAME: DATA ACOQUISITION STATION 38
SUPPORTED TESTS: CALICO HILLS TESTS

SENSOR TYPES: A NUMBER:

[ flfq‘[luN Céar 100 WILLS - ”’“~ o

SI12E: 9~22»8.S5 feet. 4 ft. c!ea'anfe PRR

CONSTRUCTION: METAL (BALLY) TYPE . AIR LOCK ENTRY

MOUNTING: CONCRETE PAD

POWER REQ. UPS:2Q KVA, 1207240, 3 i UY!LIIV:~IS KUA (BOTH ON ENERG
ENVIRONMENTAL PEQ.: COMPUTER GRADE, 12 K\ COMPUTER HEAT LOAD

FIRE REQ.: HALON ‘SAFETY: . COMPUTER SHUTDOWN .
COMMUNICATIONS: 2 ETHEPNET LOOP-THRY, TELEPHONE. INTEPCOH

CABLING: 1DS: SENSOB’
NOTES: 1000 CHANNEL CAPACITY, NON-REDUNDANT




IDS 5/3/88  rdge I3 v --

Rev. 6

|

NNUST 10§ EQUIPMENT

COMPONENT NAME: 10S ALCOVE COMPUTER SYSTEM
SUPPORTED TESTS: HEATED BLOCK, CANISTER SCALE HEATER

SENSOR TYPES: NUMBER :

LOCATION: IDS ALCOVE, MAIN TEST LEVEL

SIZE: 825 SO. FT. 2@x4@xE

CONSTRUCTION: METAL, AIR LOCK ENTRY, RAISED FLOOR

MOUNTING: CONCRETE PAD ,

POWER REQ. UPS:35 KVA, 3 PH, 208/120 UTILITY: 3@ KVA (BOTH ON EMERS)
ENVIRONMENTAL REQ.: COMPUTER GRADE, INCOMING AIR HIGHLY FILTERED

FIRE REQ.: HALON, SPRINKLER BACKUP SAFETY: COMPUTER SHUTDOWN
COMMUNICATIONS: 2 ETHERNET LOOP-THRYU, TELEPHONE, INTERCOM

CABLING: 1DS: VARIDUS ETHERNET SENSOR:

NOTES: : )

COMPONENT NAME: 1DS MAIN ronpur SYSTEM
SUPPGRTED TESTS: ALl o

SENSOR TYPES: ' 7 NumMpER:

CLOCATION: IDS maln SURFACE ““'ILITY

S126: 2602 S2. FT. .

CONSTRUCTION: METAL (BUTLER) TYPE

MOUNTING: CONCRETE PAD :

POWER REQ. UPS:S@ KUA, 2-2004 ,3eCxT P UTILITY: e KVA, 3 PH, 2087120
ENVIRONMENTAL PEQ.: RAISED FLOOR, 74 +/-3 DEG, RH SOXNC, 4@ ¥w HEAT

FIRE REQ.: HALON, SPRINKLER BACKUP ;SAFETY. COHPUTEP SHUTDOWN
COMMUNICATIONS: 3 ETHERNET, TELEPHONE, INTERCOH

CABLING: 1DS: 3 ETHEPNCTS ‘ SEN‘OR '10S SURF. COMMON DATA
NOTES: S



IDS S5/3/88

| .
NNWST 10§ EOUIFMEN]

COMPONENT N&nE:_!N-SHAFT[DATA ACQUISITION STATION &
SUPPORTED TESTS: RADIAL éOREHOLE t

SENSOR TYPES: NUMBER :
LOCATION: ES-1, 1@ FEET Aeove BOREHOLE 1

SIZE: 3x3x6 FEET | .
CONSTRUCTION: HEAVY DUTY NEMA-12 (SEE ATTACHED SKETCH)
MOUNTING: RECESSED IN SHAFT WALL, MUST BE ABLE TQ RACK QUT

POWER REQ. UPS:12@ VAC, 1.5 KVA UTILITY: NONE
ENVIRONMENTAL REQ.: FILTERED AIR, POSSISBLE TEMPERATURE CONTROL
FIRE REQ.: NONE SAFETY:  NONE
COMMUNICATIONS: DATA TO SURFACE AND/OR DATA ALCOUE, INTERCOM
CABLING: 10S: , SENSOR:

‘NOTES:

COMPONENT NAME: zn-snésrfeeIS;ecouzsxr:on STATION £2
SUPPORTED TESTS: RADIAL HOREMDLE ¢2

SENSOR TYPES: ) S NUMBER :
LOCATION: ES-1, 1@ FEET “9005 EQREHGLE 2 _
. SI2ZE: 3x3s& FEET : N

CONSTRUCTION: HERVY DUTY, NEHA—!Z (SEE ﬂTTACPcﬂ SKETCH?
MOUNTING: RECESSED IN SHAFT WALL, MUST BE ABLE TO RACK QUT
POWER REQ. UPS:12@ VAC, 1.5 KVA . = -UTILITY: NONE
ENVIRONMENTAL REQD,: FI’TEP‘D AlR, PQ‘SIELE ‘TEMPERATURE CONTROL
FIRE REQ.: NONE s “SAFETY:  NONE
COMMUNICATIONS: DATA TO éURFRCE AND OR DATA ALCOVE, INTERCOM
CABLING: [DS: 1 SENSOR:

NOTES: I 4\ - £

Rev.

0S-p3-00

Page 24 of 28
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Rev. 6
|

| ' | 05-03-20
INNWS! 1DS EQUIPMENT

COMPONENT NAME: IN-SHAFT DATA ACOUISITION STATION #3
SUPPORTED TESTS: RADIAL}BOREHOLE 13

SENSOR TYPES: NUMBER:

LOCATION: ES-1, 1@ FEET ‘ABOVE BOPEHOLE 3

SI2E: 3»3x6 FEET

CONSTRUCTION: HEAVY DUTY NEMA-12 (SEE ATTACHED SKETCH)
MOUNTING: RECESSED IN SHAFT WALL, MUST BE ABLE TO RACK oUY

POWER REQ. UPS:12@ VAC, 1.5 KvA UTILITY: NONE
ENVIRONMENTAL REQ.: FILTERED AIR, POSSIBLE TEMPERATURE CONTROL
FIRE REQ.: NONE SAFETY:  NONE
COMMUNICATIONS: DATA TO SURFACE AND OR DATA ALCOVE, INTERCOM
CABLING: 1DS: SENSOR:

NOTES : :

COMPONENT MAME: IN-GHAET DATA ACOUISITION STATION t4
SUPPORTED TEGTS: PADIAL GOREWCLE 34

SENSDR TYPES: s < NUMBER:

LOCATION: ES-1, 1@ FEET' Anour eop OLE %4

S12E: 3x3x5 FEET

CONSTRUCTION: HEAVY OUTY Ncna--z ases Arracueo SKETCH)
MOUNTINS: RECESSED IN suarr WALL, MUST BE ASLE TO RACK OUT

POWER REQ. UPS:12@ VAC, 1.5 ¥vAa . UTILITY: NONE
ENVIRONMENTAL REQ.: FILfEPED hlk, DDSSIBLE TEMPERATURE CONTROL
FIRE REQ.: NONE - - -SAFETY:  NONE
COMMUNICATIONS: DATA TO SUPFﬁCE AND OR DATA ALCOVE, INTERCOM

CABLING: IDS: SENSOR-»
NOTES: :



IDS 5/3/88

1 P
%
NNNSI DS EQUIPMENT

|
COMPONENT NAME: -IN-SHAFT DATA ACQUISITION STATION %S
SUPPORTED TESTS: RADIAL BOREHOLE %S

SENSOR TYPES: ! NUMBER:

LOCATION: ES-1, 1@ FEET ABOUE BOREHOLE 1S

SIZE: 3x3x6 FEET

CONSTRUCTION: HEAVY DUIY NEMA-12 (SEE ATTACHED SKETCH)
MOUNTING: RECESSED IN SHﬁFT WALL , MUST 8E ABLE T0 RACK 0UT

-POWER REQ. UPS:12@ VAC, 1.5 KVA UTILITY: NONE
ENVIRONMENTAL REQ.: FILTERED AIR, POSSIBLE TEMPERATURE CONTROL
FIRE REQ.: NONE : SAFETY:  NONE
COMMUNICATIONS: DATA. TO SURFACE hND OR DATA ALCOUE, INTERCO
CABLING: IOS SENSOR:

NOTES:

s
P
(

COMPONENT NAME: 'N—QHhFT DATA ACOUISITION STATION 36

SUPPORTED TESTS: RADIAL EDEEHULE 18
SENSOR TYPES: f”-‘;* NUMBER :
- LOCATION: £S-1, 1@ FEET ABOVE EQEEnULE ts

SIZE: 3x3xE FEET

- CONSTRUCTION: HEAVY DUTY NEHA-I’ (SEE ATTACHED SKETCM)
MOUNTING: RECESSED IN SHAFT WALL, HUST BE ABLE 10 RACK QUT
POWER REQ. UPS:12@ YAC, 1.5 KVA UTILITY NONE -
ENVIRONMENTAL REQD.: FILTEREQ 31 P SIELE "TEMPERATURE CONTROL
FIRE REQ.: NONE « SAFETY: . NONE
COMMUNICATIONS: DATA TO SUPF&CE AND OR DATA ALCOVE, INTERCOM
CABLING: 10S: , | SENSOR:

NOTES: \

[}

Page 26 of 28



i

|

NNWST 108 EQUIPMENT
7\7

1
COMPONENT NAME: . IN-SHAFT OATA ACQUISITION STATION 7
SUPPORTED TESTS: RADIAL BOREHOLE &7

SENSOR TYPES: | NUMEER :

LOCATION: ES-1, 1@ FEET ABOVE BOREHOLE 17

SIZE: 3x3x6 FEET

CONSTRUCTION: HEAVY DUTY NEMA-12 (SEE ATTACHED SKETCH)
MOUNTING: RECESSED IN SHAFT WALL, MUST BE ABLE TO RACK OUT

POWER REQ. UPS:120 VAC, 1.5 KVA UTILITY: NONE
ENVIRONMENTAL REQ.: FILTERED AIR, POSSIBLE TEMPERATURE CONTROL
FIRE REQ.: NONE - SAFETY:  NONE
COMMUNICATIONS: OATA TO SURFACE AND OR DATA ALCOUE, INTERCOM
-CABLING: IDS: SENSOR:

NOTES:

COMPONENT NAME: IN-SHAFT DATA  ACOUISITION STATION 88
' SUPRDRTED TESTS: RADIAL EOREMOLE £

SENSOR TYPES: 7 wumese:

LOCATION: ES-1, 1@ FEET aﬁnucfnnncubas 15

SI2E: 3x3xE FEET

CONSTRUCTION: HEAVY DUTY. Ncna-uz tSE‘ ATTAPHED SKETCH)
MOUNTING: RECESSED IN SHAFT WALL, nusr BE ABLE TO RACK QUT

POMWER REQ. UPS:120@ VAC, 1.5 KVA UTILITY: NONE
ENVIRONMENTAL REOD.: FILT RED AlR, POSSIBLE ‘TEMPERATURE CONTROL
FIRE REQ.: NONE <SAFETY: . NONE -
COMMUNICATIONS: DATA 10 SURFACE AND OR DATA AL"OUE INTERCONM

CABLINS: 10S: ‘ ~ : SENSQP
NOTES:

(¥4

IDS 5/3/88

Page 27 of 28

Rev, 6
95-03-&4



Page 28 of 28

5/3/88

IDS

(L\'T’W\'(—f\M&k‘—_ 7 ( | ll | ( Rev. 6

IGS‘PHRSE ! PROJECT SU-EWLE, Revision 1, 12/21/87, File B9HPASOL.DAT 10S PHASE | PROJEC

Prepared by R.J.CROMLEY Revision 1, 12721/
C oct 37 Nowv Dec Jan 83 Feb FebMar
Job Description - 1 8 1522295 1219263 101724 317 1421284 1118253 10 17 24 31
o 2 3 4 56 72 8 9 1011 1213141516 17 18 19 20 21 22 23 24 25 26
f TITLE I, PH. 1&2 DESIGN O=s==sasssassssss=saszasad | 0 L, . e e s e e e e e e e s e
2 REVISED TITLE [ DESIGN OOC. « + s+ & &« s+ & o+ Dm=s===ssassssccegsmss=smzasEX. , , . . 0 . e
3 'DS leTEE mlm . . . . . . . - x . - - L3 . L] . . . . L] [ . . . . . .
4 TITLE 11, PHRSE 1 DESIGN e e e o 4 e o & SzmzmcosmosssrscarERISCEISSArSSSSESASSESRTUSRTRBISITRZIZNS
5 pHHSE l lmr’m . . . . . . L3 . . s . ' . . - . - - . . . . . . . . .
6 mo l oeuo Svsm TEsT mT . . . . . . . . . o . . . . . . . . . . . . . . X
? P"o ‘ s’“ lNTERl" ms. mr [} [} ] . . . ‘e . o PR [ 2 - 1] . . . . [ . . ‘. (] . . . . x
8 PH. 152 Fthn mts. MNT . . . . . . . o . - . . . . . . . L] . . . . . . .
9 m. l H’” lNTERl" DES. REMT [ ] . L] L) - . . l o, D‘ . . . . ® [ ] . ] ] [ - . . * .
lo m. ‘ sm lNTER!" DES. mT . . . . . . r’-’“" . ‘d‘v )-‘ - - . . 3 . . . . . . . .
. l‘ m. ‘ T!nE ll MSIGN mc. . . . . . o " : B .\.. . . . . . . e e . . . . . . . .
"”i?m.” fSM"VER.’ﬁVﬂL‘. REPOE” . . e & A e . “n P . . . e e . . - . . ¢« . . ¢ Te T
13 P"o ‘ H/H mt. YESY mt . . ) . :%". W . . . . . . . . . . . . . . . .
14 !NSY&L IN-SHAFT STATIONS . . u’"%"»,) “, . . . . . . . . . . . . . . . 0 .
15 PH. 1| TITLE I1l ENGRG. REPORT . . . %. . . . .. e e e ..
. £ Lo P
16 ENO W lns PHRSE l Y - "; .“:,\>. . . . - . - . - . - . . - . . - . . . .
. \‘\ et .

Sort.mg order is Current order

From the first job to the lasf: Job wi’

Jobs using all skills .

Symbol-Explanation -

>==> Ouration of a nornal Job

>..> Slack time for a normal job

>==> QOuration of a critical path job
">::> QOuration of 8 completed job

L Job with zero duration

+ Job deadline

0-=> Job with no. prerequisites

>==X Job with no successors

! Time break due to holiday or week-off




C

Rev.
Jan 89 Fe
12 19 26 2

c

‘Revision 1, 12/21/87, File BSKPASO1.0AT
Dec
15 22 295

1017241 .8

10S PHASE 1 PROJECT SCHEDULE
Nov
3

13 20

2?
04 33 56

Sep OctOct
13 22 29 6

1118251 €
39 40 4] 42 43 44 45 45 47 48 49 50 51 52 53

A

Jul
3307 1421 204

N

<«

- "

S & 8k
. 33 &
g 7,
wd 8
i :
-— ~N

57 58 59 60 61 62 63 64 65 66 67 68 €3 7¢

23 30 31 32

1
« o it
"
"
= o Ul
i
]
e o l}
"
it
o o ff
]
n
e o ll
"
"
« o i
f
i
s o il
Mt
]
o o it
i
1]
e o ff
]
/]
e o fl
[
t
o ol
[
i
e ol
113
1}
o o fi
I
[
s o ff
]
"
s ol
13
"n.
° o Ml
1]
K ;|
o el
L
L
e o If
]
]
sA A
[1]

"
el o
[1]

"

o Jl .
i
L]
ol o

| ]
f
o il o
1]
]
ol o
/]

-----




( Rev, &

1

16 2

e
[« I
>
[o]
N
Y]
N
)]
-t
N
-
-
do
-
&S
-l
22
< O
P“
we
-
e .
§ &
- ~
-
m o
-y
wo om
m.. ~
..U N
o
G- 8
r~ [ 5]
- -
g 3
3§ S
ge R
- an o
E.l N
mm 0
=]
|
S..v.,m
=2d 3

18251 O

109

106

86 87 80 89 90 91 92 93 94 93 96 97 98 93 100

. . %




( i 105 PHASE 1 PROJECT SCHEDULE (
Revision 1, 12/21/87, File 8IHPASOL.OAT

" Jan90 Jan  Feb tHar Rpr May Jun Jul
7 1420204 1118251 8 13221 B8 13222995 1219263 101724 31 7 1421285 12 19 26
114 116 118 120 122 124 126 128 130 132 134 136 138 140 142 144 146

. L] [ - L] > L . . ;‘ L] - . O [ - . . . . . . . - - » . . . L)
- . . .. - . - - [ o’ -t . ‘e ‘e . . i . . ., . . . . - * - - - . . . .
. . . T e . - - . . .. . . . . ‘. . . . . . . . . . . . - . . . . -
a .. .,1: - . - . - - - . - . . . . . . . . . - - - . . . - . . . . .
. L) 'c . - . . [ 2 L] L] [} [ L] . - - L . . . L] - - ‘.- . L) - . . . . .
o .
. . - 'y Y - - . - - . . - - - . . . . . . - ‘. . v . . - . . . . .
. o NE e . . . . . - . * e - . . . . . . . . » . 0 . . . . . . . .
. - ‘e ,‘h’ . . ¢’ . L] . - . . . . . - - . - - o e 0 - - . . . -« . . - .
. . . . . . . - . . . . . . - . - . . . . « . - . . . . . . o e . .
- . . . . . . .. . . » . - . . . . . . . . . . . . - . . . - . . .
. . e - . - . » . . . - - . - . . - . ‘f - - . - . . - . . . .
. - e« e e . . N . e . . . . -« . ‘e . e e a .. . - . . . . . . - - . .
- - L] [ ] . e ‘o e & 9. @ e, & ... 8 - .- - *'v-r e . - Je Y - - . . ] - - - - [ - -
FT Ty Tt T T Tt Pt e P et P P P P -t P P P PP P T T PR T P P T+ T T P T - T T 1+ )
=========:==========8:=====:=8=============::====s=====::====‘§=====:====:==::=====:============::=====
. C .
. . . - . . . - . . . - . . . > e re .. = . - . - . . . . . « e . . .

M o o 0



Item

24

i J

2s.

26.

27.

28.

29.

30.

"INDEX FUR _APPENDLX L

.3‘
N

Title o

Stratigraphic and #tructural
Characteristics of Volcanic Rock
in Core Hole USW G-4, Yucca
Mountain, Nye County, Nevada

Analysis of the Elastic and Strength
Properties of Yucca Mountain Tuff,
Nevada

Impiication about In Situ Stress at
Yucca Mountain ‘

Conceptual ﬂydroloﬁic Model of Flow
in the Unsaturated Zone, Yucca
Mountain, Nevada )

Technical Requirements For The
Integrated Data System Of The
NNWSI Project Exploratory Shaft
Facility

Repository Design Requirements
Shaft Collars and Linings
Preclosure Period

Exploratory ShaftiSeismic
Design Basis - =

Kev, v

Prepared by
0. C. Muller, J. E. Kibler

R. H. Price, S. J. Baver

S. J. Baver, J. F. Holland,

D. K. Parrish

U. S. Geological Survey

EG&G Las Vegas Support
Operations :

Sandia National Laboratories
(Rev. 2)

ESF ICWG Working Group




