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MATERIALS EVALUATION
C.1 'INTRODUCTION

Repository ground control design must ensure that the waste emplacement drifts are stable and
accessible during the mandated 144-year retrievability period. The stability of subsurface openings
is essential for shaft and ramp access, ventilation, emplacement, maintenance, monitoring, and
materials handling. The performance of the ground support materials is directly affected by the waste
emplacement environment. When studying this environment, the primary considerations are thermal,
radiation, and biological factors.

" Because organic materials are limited for use as ground support, the primary available materials are
. steel and concrete (items such as epoxy resin grout, timber blocking, and certain organic additives
used in cementitious materials will be excluded from use). During their service life, the steel and

concrete components will be exposed to elevated temperatures and radiation flux. Consequently, the

effects these factors have on performance characteristics and component behavior must be examined.
In addition to thermal and radiation effects, this study addresses concerns regarding the resistance
of steel and concrete to bacterially mediated degradation.

The analysis of degradation factors is presented below, beginning with the potential uses of steel and
an analysis of its tolerance to the thermal, radiation, and bacterial mechanisms to which it will be
exposed. A similar discussion is then presented for concrete. The effect of bacterial degradation on
steel and concrete is summarized in this document.

C.2 STEEL
Steel used for repository ground support may be present in various forms including:

Structural steel sets (also referred to as ring beams and as arch supports)
Rock bolts (including face plates)

Welded-wire fabric and chain-link mesh

Bar, fabric (welded wire), or fiber reinforcement in concrete and shotcrete
Straps, channel, and lagging.

The following discussion evaluates the effects of temperature (including corros:on), radiation, and
biological processes on steel.

C.2.1 Temperature Effects on Steel

Tempemture can affect steel's strength, toughness and ductxlxty, and thermal expansion. This section
examines these effects and the potential for steel corrosion.
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C.2.1.1 Strength

The yield point of structural steel (carbon or low-alloy) generally decreases linearly from its value
at 20°C to about 80 percent of that value at 430°C, and to about 70 percent at 540°C (Merritt 1983).
By interpolation, the value at 200°C is about 91 percent of that at 20°C. The modulus of elasticity
of structural steel decreases from an initial value of 200 GPa at 20°C to about 172 GPa at 480°C,
or 86 percent of the room-temperature value (Merritt 1983).

These results are similar to those reported by the American Institute of Steel Construction
(AISC 1989). The AISC notes that the tensile strength of elevated-temperature carbon steel at 430°C
is approximately 77 percent of room-temperature strength; at 540°C, tensile strength is 63 percent
of room temperature strength. In contrast, a report on the elevated-temperature properties of ferritic
steels (ASM 1990, p. 930) states that carbon steels are used extensively in pressure vessels up to
about 370°C, and given the yield and ultimate strength of carbon steels at the maximum service
temperature (370°C), they can be used essentially as they would for design of components at room
" temperature. Creep is not observed in these steels until temperatures are above 370°C.

Based on the above information, carbon steels at 200°C may experience modest, but insignificant,
decreases in strength (about 10 percent) and deformability (about 15 percent) in comparison to these
same parameters at 20°C.

C.2.1.2 Toughness and Ductility

Toughness is the ability of a metal to absorb energy and deform plastically before fracturing. A
mcasure of toughness is notch toughness, which is measured (energy in Joules) by impact testing.
Toughness decreases as the strength, hardness, and carbon content of steel are increased (ASM 1990,
p- 737). At 200°C the notch toughness of a steel with 0.11-percent carbon is about six times that of
a steel with 0.80-percent carbon. The 0.80-percent carbon steel exhibits the least ductility of the
carbon steels and has the highest transition temperature from brittle to ductile behavior. For
maximum toughness and ductility, the carbon content should be kept as low as possible, consistent
with strength (ASM 1990, p. 737). The brittle-ductile transition temperature and the carbon content
are the principal factors in determining the appropriate toughness and ductility for steel.

Steel set supports for Exploratory Studies Facility design typically have a carbon content of 0.07
percent (Kiewit/PB 1995) and are relatively tough and ductile, with a yield strength of 248 MPa.
Rock bolt steel has a carbon content of 0.38 percent (Kiewit/PB 1995) and has moderate ductility
and toughness, with a yield strength of about 483 MPa. If a more ductile rock bolt is desired to
accommodate higher strain, stee] with a lower carbon content may be preferred as an alternative to,
for example, changes in fabrication. The trade-off would be a somewhat lower yield strength.

C.2.1.3 Thermal Expansion

Differences in thermal expansion between steel, concrete, and tuff can result in bonding failures
between these components and cracking in the concrete materials. (See Appendix A, Section 5, of
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the Repository Ground Control Evaluation report (CRWMS M&O 1995a) for further discussion
regarding concrete.)

Carbon steels have a coefficient of thermal expansion that varies from about 11.5 x 10%/°C at 20°C
to 13.8 x 10%/°C at 200°C (ASM 1990, Figure 58, p. 652). The thermal expansion coefficient for
tuff for near-field considerations is shown to vary from about 5 x 10%/°C at 25°C to 11 x 10/°C
at 250°C (SNL 1995). Table C-1 lists somewhat different values, ranging from 5.4 x 10¢/°C to 17
x 10%/°C, for a similar temperature interval, These data show differences in expansion coefficients
between tuff and steel of 7 x 10%/°C at 25°C, decreasing to about 3 x 10%/°C at 200°C. In cases
where steel expands at a ‘greater rate than concrete, steel-to-concrete bonds may be broken and
concrete cracking induced (for example, in grouted rock-bolt installations and in concrete reinforcing
bars).

More severe conditions are indicated by test results reported in the report, Thermal Goals
Reevaluation (CRWMS M&O 1993), which shows a tuff specimen reaching an expansion
coefficient of approximately 12x10%/°C at 145°C and, after an abrupt increase, values between 25
and 32x10%/°C in the interval up to 200°C. An increase beyond 200°C gives a value of 53x10%/°C
at 250°C., Additional testing is required to evaluate these results and, if applicable, to determine the
limiting temperature at which an abrupt increase in expansxon occurs. .

Table C-1. Thermal Expa.nsxon Coefficient for TSw2 Thermal/Mechanical Unit

» . . . h rdd

Temperature Range . Thermal Expansion Coefficient
(&%) (104/°C)
25-50 5.07
50-100 ' 7.30
100 - 150 819
150 - 200 8.97
Source: SNL 1995 (average of means of tables 2-10, 2-11, and 2-12)

C.2.14 Corrosion

Rock bolts or other iron-bearing components can corrode. When oxygen is present, rusting can
occur. Rusting is an abiotic electrochemical process that requires a flow of electrical current for the
chemical corrosion reaction to proceed. For electrochemical (galvanic) corrosion to occur, two
dissimilar metals must come into electrical contact in the presence of moisture.

A separate cathodic metal is not required for steel corrosion to occur. An isolated steel bar can
spontaneously rust if different areas of the bar develop active sites with different electrochemical
potentials (different tendencies for oxidation), thus setting up anode-cathode pairs (or galvanic
couples). Corrosion occurs in localized anodic areas. Local anodic and cathodic areas are caused by
several conditions including different impurity levels in the steel, different amounts of residual
strain, or different concentrations of oxygen or electrolyte in contact with the metal.
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The findings of Karhnak (1984) demonstrate that steel corrosion in mines is often caused by the
sulfuric acid generated by the oxidation of ore-bearing and pyritic sulfide phases. These sulfuric acid
solutions dre extremely corrosive to steel. The corrosion potential is enhanced if soluble copper is
present in the acid solutions (as copper plates out on the steel), causing the dissolution of iron (for
example, corroded train rails in underground copper mines). This type of aggressive corrosion will
not occur in the waste emplacement drifts due to the absence of sulfide phases in the host formation.
Moreover, it will be shown that production of bacterial sulfide is improbable (Section C.3.3).

C.2.14.1 Types of Corrosion

The two types of corrosion are uniform corrosion and pitting corrosion. Pitting corrosion can be
further subdivided into three corrosion processes: galvamc, concentration, and crevice. These
corrosion types are described below.

Uniform Corrosion occurs at a generally equal rate over the surface. The loss in weight is directly
proportional to the time of exposure, and the rate of corrosion is constant. Uniform corrosion is
usually associated with acids or waters having a very low pH, for example, the uniform rusting of -
mild steel in contact with neutral, low calcium, and low-alkalinity salt water.

Pitting Corrosion is non-uniform and more common than uniform corrosion. Pitting corrosion
occurs in an environment which offers some, but not complete, protection. The pit develops at a
localized anodic point on the surface and continues via a large cathodic area surrounding the anode.
Chloride ions are particularly known for their association with this type of steel corrosion. Even
stainless steel is subject to pitting corrosion with relatively concentrated chloride-bearing solutions.
Pits may be sharp and deep or shallow and broad, and can occur without chlorides. In water that
contains dissolved oxygen, the oxide-corrosion products are deposited over the site of the pitting
action and form tubercles. Pitting corrosion is formed by three distinct processes:

o Galvanic Corrosion — Galvanic corrosion is associated with the contact of two different
types of metals or alloys in the same environment. Almost all metals and substances have
different solution potentials, whether in the same or in different environments. When two
metals come together, the difference in potential results in current flow, and one of the’
metals becomes anodic and the other cathodic. The anodic metal corrodes and the cathodic
metal does not (or if so, at a relatively low rate). The cathodic metal is “protected" at the
expense of the anodic metal (for example, the protectiveness zinc metal affords to iron).

o Concentration-Cell Corrosion—The most prevalent corrosion, concentrated-cell corrosion,
occurs when differences in acidity (pH), metal-jion concentrations, anion concentrations,
or dissolved oxygen cause solution differences in the same metal, In water containing
dissolved oxygen, the corrosion products are deposited at the anode, and in the subsequent
hydrolysis of ferrous ion, hydrogen ions are formed. This greater acidity at the anode
results in a hydrogen-ion concentration cell at this point and increases the corrosion rate.
In the same instance, dissolved oxygen cannot diffusively penetrate to the anode surface
because it first reacts with solubilized ferrous ion, resulting in an absence of oxygen at the
anode. But oxygen can diffuse to the cathode area and result in an oxygen-concentration
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- cell, also increasing the corrosion rate. Furthermore, hydroxyl ions accumulate at the
cathode, drastically reducing the hydrogen ion concentration, which enhances the
concentration cell related to the development of hydrogen ions at the anode.

o Crevice Corrosion — Crevice corrosion results when oxygen, because it is spent on
corrosion in a crevice, does not diffuse into the crevice depths. The crack, crevice, or the
uneven joint between two surfaces of the same metal that are bound together face-to-face
behaves as a pit where oxygen can reach the exposed surface but is deficient in the crevice.
An oxygen-concentration gradient is created that results in corrosion.

C.2.14.2 Corrosion Rates

Based on the theory of corrosion, mathematical models can be developed to predict material
corrosion rates under given conditions. Tilman et al. (1989) developed a model that generally
predicts the corrosion rate of rock bolts or Split Set® stabilizers in underground mines. To develop
the model, non-galvanized (EX-TEN-H60 and KAI-WELL-55) and galvanized Split Set stabilizers
were exposed to oxygenated and non-oxygenated mine waters (actual and synthetic) from seven
mines. Based on the behavior of the stabilizers when exposed to these waters, corrosion rate
equations were derived that quantify (1) the impact of variable dissolved oxygen, chloride, sulfate,
and magnesium content on non-galvanized stabilizers and (2) the impact of dissolved oxygen content
and temperature on galvanized stabilizers. The derived equations are shown below (corrosion rate
reported in thousandths of an inch per year):

» EX-TEN-H60 Steel: .
Ln corrosion rate = 0.303 (O, Conc., ppm) - 0.0309 (CI' Conc., ppm) + 0.00187 (SO,?
Conc., ppm) - 0.0435 (Mg*? Conc., ppm)

R2=0.96 [Linear regression coefficient of actual versus predicted corrosion rates.]

o KAI-WELL-55 Steel: :
Ln corrosion rate = 0.352 (O, Conc., ppm) - 0.0740 (CI' Conc., ppm) + 0.00202 (SO,
Conc., ppm) - 0.0415 (Mg*? Conc., ppm)

R?=0.96

¢ Galvanized Steel
Ln corrosion rate = (Ln O, Conc., ppm) + 2.557 (Ln Temp., °F) - 11.333

R?=0.83

These equations show that non-galvanized steel in contact with a dilute, non-oxygenated water may

result in only a slow rate of corrosion, less than 1 thousandth of an inch per year. Conversely, non-
_galvanized steel in contact with a well-oxygenated, briny solution could have a corrosion rate of

80 thousandths of an inch per year. At this accelerated rate, a 0.092-inch-thick Split Set stabilizer
- would be penetrated by corrosion in just over a year.
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The mathematics of the individual equations can be qualitatively explained based on known
geochemical principles:

Corrosion can occur in the absence of oxygen, as the following chemical reactions
demonstrate:

Anode:Fe =Fe*? +2¢

Cathode:2e” + 2H,0 = H,+ 20H"

+ When dissolved oxygen is present, the cathode reaction may be representéd as:
2e +H,0 + %0, =20H"

Therefore, with or without dissolved oxygen, the same amount of hydroxide ion is formed
at the cathode, and alkaline conditions prevail. - .

o The effect of dissolved oxygen is reflected at the anode where the following side reaction

occurs;
2 Fe'? + H,0 + %0, = 2Fe* + 20H"

o Ferric hydroxide can now precipitate generating hydronium'ion:
Fe* + 3H,0 = Fe(OH), + 3H*

The resulting acidity increases the solution rate of iron and maintains a high potential
difference between the anode and cathode areas.

Under these conditions, the corrosion rate is limited by the supply (typically by diffusion) of
dissolved oxygen to the anode corrosion product. The greater the rate of dissolved oxygen diffusion
to the anode, the greater the rate of corrosion. This chemical fact is captured in the above equations
for non-galvanized steel. The above equations assume a constant pH for the contacting solution and
do not directly address acidic attack. )

. Ferric hydroxides deposited by corrosion can inhibit oxygen diffusion. Beneath the ferric oxide
surface within water-filled pipes, anaerobic conditions can develop that, under certain circumstances,
can support sulfate-reducing bacteria (SRB). In the absence of the water, oxygen can freely diffuse
into this region and prevent SRB activity, as diffusion-based transport calculations will demonstrate.
With an absence of water, the source of sulfate ion is also removed, thus suspending SRB activity.
This issue is further discussed in Section C.3.3.

An analysis of the corrosion rate equation for galvanized metal shows that temperature changes far
outweigh incremental changes in dissolved oxygen content. (Oxygen has a limited solubility in
ambient temperature water, a solubility that decreases as temperature increases.) The temperature-
dominated equation generally shows that the corrosion rate increases approximately two-fold with
each temperature increase of 10°C, which is consistent with the van’t Hoff relationship.
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It should be noted that the stee] composition of rock bolts for ground support of emplacement drifts
has not yet been explicitly specified; therefore, the steel corrosion rates predicted by the
mathematical models mentioned above are for reference purposes.

C.2.1.4.3 Corrosion Rate and Strength Loss

A corrosion-related strength decay curve can be derived from the tensile and yield strength data of
Tilman et al. (1989). Both EX-TEN-H60 and KAI-WELL-55 steel have linear strength-versus-
thickness relationships; therefore, loss of material by corrosion also translates into a linear loss in
strength, as shown in Table C-2. : ‘ )

By estimating a corrosion rate, the annual strength loss and the residual strength at the end of any
given year can be calculated. The above analysis assumes uniform corrosion and does not address
isolated pit corrosion.

Table C-3 lists the temperature-dependent corrosion rates predicted for galvanized steel under
oxygenated conditions (dissolved oxygen content of 7 ppm).

Table C-2. Relationship Between Corrosion Rate and Strength Loss for Non-Galvanized Steel

Corrosion Rate Strength Loss in Residual Strength | Strength Lossin | Residual Strength in
per Year EX-TEN-H60 in EX-TEN-H60 KAI-WELL-55 | KAI-WELL-55 Steel
(thousandths of Steel per Year Steel After One Steel per Year After One Year
an inch) (psi) Year (psi) (psi) (psi)
1 290 28,700 298 29,462
10 2,899 26,091 2,976 26,784
20 5,798 o 23,192 5,952 23,808
40 11,596 17,394 11,904 17,856
80 . 23,192 5,798 23,808 5,952
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Table C-3. Temperature Dependence on the Corrosmn Rate of Galvanized Steel Under

Oxygenated Conditions
Temperature Corrosion Rate per Year
°F (thousandths of an inch)
50 2
100 11
150 31
200 i 64

The corrosion rate estimates stop at 200°F, Although the emplacement drifts will likely reach higher

temperatures, the above relationship is predicated on the presence of liquid water that will not exist
at temperatures greater than 212°F. Consequently, another corrosion mechanism will predominate
at.an unknown rate.

In summary, Tilman et al. (1989) found that (1) deoxygenated water is seven times less aggressive
than oxygenated water to non-galvanized steel and (2) galvanized steel is much more resistant to
corrosion, with comparatively low corrosion rates even at elevated temperatures. Galvanizing offers
two advantages: up to 1/60th the cotrosion rate of non-galvanized steel under similar conditions and
greater resistance to pitting corrosion. Even when the galvanizing is marred (e.g., during rock bolt
emplacement) it acts as a sacrificial anode and provides protection.

Stainless steel is resistant to corrosion over a wide range of water chemistry, exceeding the range
even of galvanized bolts (Kaiser et al. 1990). This is particularly important for friction rock bolts.
Because of their thin walled construction and large surface area, friction rock bolts are more
susceptible to corrosion damage than conventional bolts. Additionally, austenitic stainless steels are
more ductile than conventional carbon steels, providing both high strength and ductility. Kaiser et
al. (1990) have advocated using stainless steel friction rock bolts to increase the useful life of rock
support systems.

Kaiser et al. (1990) also found that in addition to acidic mine waters, elevated humidity and
solubilized engine exhaust tend to increase the corrosion rates of carbon steel rock bolts, This is
consistent with the understanding of water being a prerequisite for corrosion. Sulfur dioxide in the
exhaust can cause accelerated pit corrosion. During their analysis of rock bolt longevity in Canadian
underground mines, Kaiser et al. (1990) determined the life spans of forged-head mechanical rock
bolts to be 18 to 240 months, averaging 68.7 months, while resin grouted bolts had lifespans of 18 to
60 months, averaging 38 months. Lifespans of Split Set and Swellex friction rock bolts ranged from
3 to 72 months and 3.5 to 120 months, respectively, with both averaging about 25 months.

Mechanisms to further prevent rock bolt corrosion include protecti?ely coating the steel and -

suppressing the electrochemical process. An example of a protective steel coating is zinc
galvanizing. Suppressing the electrochemical corrosion of steel involves cathodic protection. Zinc
or cadmium bars are electrically connected to the steel, causing it to act as a cathode and prevent
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corrosion. High-strength structural steels can be alloyed with copper and other elements to produce
high resistance to atmospherlc deterioration. These steels develop a tight oxide that inhibits further
atmospheric corrosion (Mindess and Young 1980)

Steel can also be protected from the corrosion caused by moisture and temperature changes by
embedding it in shotcrete or concrete, as in the case of steel reinforcement bars. For worst-case
moisture and temperature conditions, the ACI Building Code (ACI 1989) specifies a minimum
concrete cover of about 75 mm for concrete "...cast against and permanently exposed to earth." The
minimum cover specified for precast concrete is 38 mm. The ACI Building Code also states that
denseness and nonporosity of protecting concrete shall be considered for corrosive environments or
other severe exposure conditions. These standard code provisions are not intended to deal with the
elevated temperature conditions or exposure durations in the repository environment; they are
referenced as a starting point for further analysis beyond the scope of this evaluation.

Degradation of the grout surrounding the rock bolts will be limited because the expected
temperatures are below those required to cause serious grout deterioration. (Section C.3.1 examines

* deterioration mechanisms when grout is exposed to elevated temperature.) The rock bolts will be

protected from chloride-related corrosion (due to chloride ions in the grout) by appropriately limiting
the use of chloride-based set accelerators. Rock bolt and steel set deterioration should also be limited
by the protective coating of shotcrete or grout. Additionally, the dry conditions of the shotcrete or
grout environment will limit bacterial activity (further discussed in Section C.2.3).

C.2.2 Radiation Effects on Steel

Radiation hazards from the waste packages will come from different radiation types including alpha-
particles, beta-particles, and neutrons and photons (gamma- and x-rays) (CRWMS M&O 1994,
Section 6). The primary radiation from the waste package is neutron and gamma because the alpha
and beta radiation are stopped by the disposal container (CRWMS M&O 1995b). Neutrons and
gamma radiation can produce ionization when they pass through materials because the energy of
these particles can eject electrons from the elements they contact. Organic compounds, such as
lubricants and electrical insulation, will suffer fragmentation that results in the formation of different
material, and integrated circuits in computer systems can be damaged. Metals such as steel are less
affected by such irradiation (ASM 1990). Generally, the only type of radiation emanating from the
high-level waste packages that may affect steel is the neutron field. The remainder, namely beta,
gamma, and alpha radiation, have no known significant effect upon the structural properties of steel.

Irradiation is described in terms of (1) the ﬂux of neutrons striking the material, measured as the
number of neutrons per square meter per second (n/[m?s]) and (2) the fluence, which is flux
integrated over time or the number of neutrons per square meter (n/m?). Based on a 100-year service
life for the underground facilities, the neutron fluence for a waste package has been conservatively
estimated to not exceed 2.2 x 10?° n/m? (CRWMS M&O 1995b). This value is about 3.2 x 10 ®n/m 2
for a 144-year service life, which includes retnevabxhty preparation time and closure operations
(YMP 1994, Section 6.2).
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Radiation effects from the waste packages are not expected to be a design concem for steel materials
used in the emplacement drift, as reported in report title (CRWMS M&O 1995b):

Irradiation effects on steels include swelling, hardening, and embrittlement. Swelling is not
detectable at neutron fluences of less than 1 x 10? n/m? even in austenitic steel (ASM 1990,
p. 655, Figure 2), and ferritic steels, such as those expected to be used in the repository, are
much more resistant to swelling (ASM 1990, p. 656, column 3). Increases in hardness, and
thus strength, are not harmful. For a manganese-molybdenum low-alloy steel (ASTM A 302,
grade B), measurable embrittlement occurs at neutron fluences as low as 1 x 102 n/m% For
fluences up to about 3 x 102n/m?, the effect appears to be approximately proportional to the
fluence. The increase in the ductile-brittle transition temperature, as measured by a 41 J Charpy
V-notch impact test, is approximately 25 x 102K-m?* F, where F is the neutron fluence (ASM
1990, p. 659, Fig. 7). Because the neutron fluence over the service life of the underground
facilities is less than 2.2 x 10% n/m? (considering a 100-year service life), the expected increase
in the ductile-brittle transition temperature is not more than 0.6 X (0.8 K for a 144-year service
life). ’

In summary, the neutron radiation field expected from any single waste package is not expected to
exceed 2.2 x 10® n/m? for 100 years (or 2.2 x 10" n/[m®yr]) based upon estimated values from bare
fuel assemblies. This value is very conservative because in practice the radiation field would be
expected to be several orders of magnitude lower due to shielding from the waste package walls,
decay of radioactivity, and geometric divergence. Therefore, radiation effects are believed to be
insignificant and not expected to degrade the steel properties.

C.2.3 Biological Effects on Steel

In aqueous, oxygen-free, reduced environments, the lifetime of steel and iron material is diminished
by SRB. Although the deleterious effects of SRB have been demonstrated in both laboratory and
natural settings, special conditions that do not exist at the Yucca Mountain repository are required
for SRB to corrode steel. In addition to the anaerobic, aqueous environment, these conditions require
the availability of sulfate, an electron acceptor, and a carbon source. -

Steel biodegradation occurs when SRB consume hydrogen during sulfate reduction. Iron immersed
in water releases Fe**-cations, and the metal surface becomes negatively charged by the remaining
electrons. The dissolving process continues only if the electrons are removed, for example by an
oxidizing agent. Under aerobic conditions, oxygen acts as an electron acceptor and rust is formed.

Under anaerobic conditions, the electrons left on the metal surface reduce protons, from the

dissociation of water, to hydrogen, which forms a protective layer over the submerged iron surface.
SRB oxidize the elemental hydrogen with sulfate as the electron acceptor. Removal of the hydrogen
protons by SRB disrupts the natural equilibrium and causes cathodic depolarization of the iron

surface (Cord-Ruwisch and Widdel 1986). The presence of liquid-phase water is critical to this:
process. Elevated temperatures in the emplacement drifts will ultimately eliminate liquid water, -

Concrete will be formulated with a sufficiently low water-to-cement ratio to prevent free water in
the pore spaces.
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In the laboratory setting, Desulfovibrio (a hydrogenase-positive SRB) did not break down steel and
produce sulfide unless a favorable organic energy source, such as lactate, was present. Experimental
results indicate that the availability of organic electron donors may be an important factor
influencing the removal of cathodic hydrogen from iron surfaces; and anoxic aqueous environments
that are rich in anaerobically degradable organic matter should be more corrosive than environments
that are mainly inorganic. In the natural environment, biodegradation of steel has been demonstrated

in off-shore oil pipes, sewage pipes, and oil tanks (Cord-Ruwisch and Widdel 1986) which meet the

above bacterial requirements. These requirements are absent within the waste emplacement drifts,
thus eliminating SRB activity.

SRB may penetrate the concrete and come into contact with the steel. The presence of oxygen,
excessively high temperatures, and inadequate sources of sulfate and carbon create an environment
hostile to SRB. In the absence of the specialized environment required for SRB metabolism,
corrosion of steel by SRB is expected to be limited.

C.3 CONCRETE
Concrete for ground support may be used in the following forms:

¢ Shotcrete — Full-circle structural lining, 100 to 150 mm thick; or to secure fractured rock,
less than 100 mm.

o Concrete lining — Pre-cast segments, cast-m-place with or w1thout reinforcement such as
steel bars, mesh, or fibers.

» Grout — typically to encapsulate and secure rock bolts, but also to consohdate and
strengthen the rock mass.

Additionally, concrete may be used for invert fill and waste package pedestals. Both of these
applications and most of those listed above were considered in the materials review documented in
Appendix A, Concrete Stability at Elevated Temperatures, of Repository Ground Control Evaluation
(CRWMS M&O 1995a). Conclusions from this literature review are summarized below.

Ground control measures typically emphasize rigid confinement of the supported rocks. Previous
thermomechanical modeling results have suggested that a ground support that provides light to
moderate confinement, yet still prevents rock loosening and fallouts, may be preferable. Rather than
design to resist a thermally induced stress, ground support components can be fabricated for ductility
and structural flexibility. An example of this type of component is fiber-reinforced concrete
(described below). The relatively low tensile strength of concrete is well known. In fact, tensile
stresses are expected to be carried entirely by the steel reinforcing bars (Mindess and Young 1980).

One development that improves the tensile strength of concrete is the use of fiber-reinforcing

additives. Mindess and Young (1980) define fiber-reinforced concrete as concrete made from
Portland cement which incorporates discrete fibers. Fibers suitable for reinforcing concrete include
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steel, organic polymers, ceramics, and asbestos. These fibers differ in both performance
characteristics and costs and are briefly described below.

Steel fibers may be produced either by cutting wire, shearing sheets, or from a hot-melt
extract; they may be smooth or deformed in a variety of ways to improve the bond. Steel
fibers will rust at the concrete surface but appear to be very durable within the concrete
mass.

Usmg iron as an admixture to function as either a fiber reinforcement or as an agent to
increase grout density is in contrast with using iron filings as a grout expanding agent,
which is not being proposed. .

Glass fibers are generally available as “chopped strand,” where each strand may consist
of 100 to 4,000 separate filaments. Ordinary glass is not suitable for use because the highly
alkaline environment will attack and rapidly reduce the fiber strength. Glass fibers are
manufactured with significant amounts of ZrO, which is highly alkali resistant.

. Naturally occurring asbestos fibers have long been used with cement and w;ier to

manufacture pipe and other building components. However, there are significant health
hazards associated with the production and handling of asbestos fiber.

Most polymeric fibers, such as nylon and polypropylene, have lower elastic moduli than
concrete. Therefore, these fibers cannot increase the strength of the composite material and
may reduce the strength, They are effective in increasing the impact and shatter resistance
of the concrete.

Kevlar, which is an aromatic polyamide, has both a high tensile strength and a high
modulus of elasticity and shows considerable promise as a reinforcement media, but is

‘very expensive.

Carbon fibers also bave a very high elastic modulus, tensile strength, and cost. Like
organic fibers, they are not attacked chemically by the cement.

Natural organic fibers, such as sisal and jute, are cellulosic compounds and may not be

suitable for use. They have low tensile strengths and elastic moduli and tend to deteriorate
in damp or alkaline environments. Additionally, their ability to potentially support
bacterial activity prevents their usage.

Typical properties of these fibers are shown in Table C4.

The direct tensile strength of concrete can be increased considerably by the addition of appropriate
fibers. The increase is dependent on the aspect ratio of the fibers. The effects on flexural strcngth are
less clear. Some investigators (Mindess and Young 1980) have found both an increase in the first
crack strength and in the ultimate strength, the latter bemg up to three times the strength of plain
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concrete. A real advantage of fiber-reinforced concrete is that a certain amount of flexural strength
can be relied upon, even after some cracking of the matrix occurs.

A limitation of the information database is the behavior of fiber-reinforced concrete under elevated
temperatures and radiation flux. Arguably, little impact may be measured for a steel-reinforced

" concrete. The behavior of other materials, including organic-based compounds, may be less resilient
under the high tcmperanuc and radiation environment of the waste emplacement drifts, as discussed
below.

Table C4. Typical Properties of Fibers and Cement Matrix

Crer | Cowaodin |spectcGraviy [ Moot || Tete | Elongniona
of an inch)

Asbestos 0.02-20 " l2ss 165 3-45 2-3
Glass 9-15 2.60 70 - 80 2-4 2-35
Graphite 8-9 1.90 240 - 415 1.5-2.6 05-1.0
Steel 5-500 7.84 200 0.5-2.0 0.5-3.5
Poly-propylene |20 -200 091 . 5-77 0.5-0.75 20
Kevlar 10 145 65-133 36 2.1-40
Sisal 10-50 150 — 0.8 3.0
Cementmatrix |— 250 10-45 3-7x10? 0.02

C3.1 Temperature Effects on Concrete

The review of temperature effects on concrete in Appendix A of Repository Ground Control
Evaluation (CRWMS M&O 1995a) found that:

At temperatures below 300°C, Portland cement does not lose enough strength (unconfined
compressive strength) to necessitate the substitution of a more thermally resistant material.
Consequently, Portland cement-based concrete with "standard" aggregate should be adequate
for all concrete used for ground support.

The Repository Ground Control Evaluation (CRWMS M&O 1995a) also reported that strength loss
of concrete at temperatures below 300°C is only about 10 to 15 percent. This lower strength level
is expected for the repository preclosure lifetime if the concrete is shown to be durable during the
initial months after exposure to elevated temperatures. The finding that concrete degradation occurs
within the first few months following waste disposal (or at least after significant temperature rise)
suggests that a testing program to determine concrete performance could be carried out relatively
early in the program.
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In regard to blast cooling of emplacement drifts, a cycle of heating and cooling (from about 200°C
to 50°C in a matter of hours) is expected to result in a maximum strength loss of about 25 percent,
indicating that (even though the results are conservative for repository conditions) repeated cycles
of cooling and heating should be avoided.

If it is necessary or desirable to increase the strength and durabﬂity of concrete beyond the level
currently estimated to be acceptable for repository emplacement drifts, the following approaches can
be considered:

o Using a low water-to-cement ratio

» Adding reactive silica (for example, silica fume or rice hull ash)

o Using organic water-reducing admixtures

* Using high-alumina cement (for temperatures exceeding 300°C).

A Portland cement/fly ash waste-disposal form has been developed for low-level radioactive
materials. This product has mechanical, thermal, and radiation stability and relatively low actinide
and fission leachability (CRWMS M&O 1995a, Appendix A, Section 3.6).

C.32 Radiation Effects on Concrete

Although the exposure of concrete to elevated gamma and neutron fluxes can lead to measurable
deterioration, numerous studies have defined the radiation exposure limits of concrete that do not
result in significant loss in, for example, compressive strength. These limits are below the reasonably
predicted radiation exposures for concrete within the waste emplacement drifts during the retrieval
period.

Nuclear radiation can result in lattice defects within crystalline material, causing an increase in
brittleness. Formation of additional cross linking can also lead to embrittlement in polymers. Ionized
radiation may cause the loss of free or bonded water decreasing the hydraulic bonding strength.
Finally, radiation may lead to the breakdown of atomic bonds. Attenuation of the radiation by the
material often causes its internal temperature to increase. As previously discussed and as
documented within the studies cited below, elevated temperature caused by radiative heating may
be an important mechanism causing a loss in concrete strength, perhaps the predominant strength-
loss mechanism. .

Granata and Montagnini (1972) showed that Portland cement-based concrete with a limestone
aggregate was resistant to integrated neutron fluxes of the order of 10" n * cm™, These specimens
displayed limited loss in compressive strength after exposure and concomitant heating to 125°C.
Samples that were exposed to an integrated neutron flux of 10® n * cm? were essentially destroyed.

Elleuch et al. (1972) also measured the effects of neutron flux on the properties of high-alumina
cement-based_concretes. They subjected serpentine aggregate-beanng concretes to integrated
irradiation fluxes (or fluence) of 2 x 10" t0 20° n * cm® at energies above 1 Mev_ and at
temperatures on the order of 200°C. Compressive strengths were shown to be the same or only
' slightly diminished relative to those that experienced only thermal cycling in the absence of
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irradiation. Although not directly a part of their study, these researchers also simultaneously exposed
the same concrete specimens to a gamma flux exceeding 1 x 10!! rads, resulting in no measured
deterioration of compressive strengths.

Hilsdorf et al. (1976) summarized the results of several gamma and neutron irradiation concrete
exposure studies and concluded that most concretes are resistant to deterioration by neutron fluxes
of less than 10" n * cnor?. They report that Houben (1969) recommends the following maximum
irradiation fluxes for prestressed-concrete reactor vessels for a 30-year life:

o Thermal neutrons: 6 x 10¥ n * cm?
e Fast neutrons: 2to 3 x 10'* n *cm™
o Gamma radiation: 1 x 10" rads.

Importantly, Hilsdorf et al. (1976) document that various aggregates that enhance the shielding
capacity of concrete (to protect workers) also enhance the concrete's resistance to radiation mediated
deterioration. Aggregates used in concrete are selected to attenuate either gamma or neutron
radiation. Increasing the density of a concrete of a given thickness increases the attenuation of
gamma radiation. Consequently, dense (or high specific-gravity) aggregates are selected. High
specific-gravity aggregates that may be used include barite, magnetite, ilmenite, hematite,
ferrophosphorus, ferrosilicon, and iron or steel shot or punchings. Use of these materials is not
without operational considerations. For example, the difference in the density between these
materials and the rest of the concrete can lead to segregation upon placement. Ferrophosphorus also
tends to generate hydrogen gas upon reaction with the Portland cement, an issue that would have to
be addressed during design and operations.

Neutrons are attenuated by hydrogen-bearing compounds. Water is an effective attenuating
component of neutrons; however, concrete frequently does not contain sufficient water to result in
neutron capture. Consequently, appropriate aggregates are needed. Neutron-attenuating aggregates
that contain hydroxyl groups to aid in neutron capture include limonite, goethite, bauxite, and
serpentine. When hydrogen absorbs thermal neutrons, high-energy gamma radiation is released,
which also must be attenuated. Boron is an effective absorber of neutrons and also results in the
production of relatively lower energy gamma rays. Thus, various boron-containing compounds may
be used to develop neutron-shielding concrete. These boron-containing forms include boron glass,
borocalcite, colemenite, ferroboron, boron carbide, and boron frit. Water-soluble boron compounds
can act as a strong set inhibitor to cementitious reactions, a problem that would have to be addressed
(for example, by using a set accelerator). Descriptions of radiation-shielding aggregates and their
standard specifications are presented in ASTM C638-84 and C637-84, respectively.

Gamma radiation field strength at concrete surfaces within the waste emplacement drifts is
conservatively estimated at 10 (R/hr) (rems per hour) from atypxcal package. Based on an mtegrated
. exposure over 144 years (YMP 1994, Section 6.2) and assuming no decay, this results in an
integrated exposure of 1.23x10" R at the concrete surface. This exposure is four orders of magnitude
- below an approximate threshold of 1 x 10'! R, above which, the measurable degradation of concrete
is predicted.
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Radiolysis can occur upon elevated exposure of water to gamma radiation. Elleuch et al. (1972)
measured 6,362 cm® of gas per kilogram of irradiated concrete, Hilsdorf et al. (1976) report that the
gas evolved from irradiated concrete consists of hydrogen, oxygen, nitrogen, carbon monoxide, and
carbon dioxide. They report that this gas development has minimal effect on concrete properties.

This discussion has emphasized that sulfate-reducing bacteria are obligate anacrobes and that free
oxygen is lethal to their existence. The findings of Cember (1983) document that the production of
free radicals and oxygen (and oxygenated) compounds due to gamma radiation may impede this type
of bacterial development. This is in addition to the potentially lethal irradiated environment of the
waste emplacement.

When pure water is irradiated the following reaction occurs:

H,0 = H,0" + ¢, with the positive ion immediately dissociating according to the equation:
H,0* = H* + OH, while the electron is picked up by a neutral water molecule:

H,0 + e = H,0, which dissociates immediately by the following reaction:

H,O-=H+ OH"

The free radicals H and OH may combine with like radicals, or they may react with other molecules
in solution. For example, the OH free radicals may combine together to form hydrogen peroxide:

OH + OH =H,0,

Whereas the above reactions produce free radicals with half lives on the order of a microsecond,
hydrogen peroxide, being a relatively stable compound, persists long enough to diffuse to points
remote from its point of origin. The hydrogen peroxide, which is a powerful oxidizing agent, can
thus affect molecules or cells that did not suffer direct radiation damage. If the irradiated water
contains dissolved oxygen, the free hydrogen radical may combine with oxygen to form the
hydroperoxyl radical, H + O, = HO,, which is not as reactive, and therefore has a longer lifetime,
than the frec OH radical. This greater stability allows the hydroperoxyl radical to combine with a
free hydrogen radical to form hydrogen peroxide, thereby further enhancing the toxicity of the
- radiation. The dissociation of hydrogen peroxide by the reaction, 2H,0, = 2H,0 + O,, results in a
strongly oxygenated solution lethal to SRB.

C.3.3 Biological Effects on Concrete

A concemn has been expressed regarding the potential for bacterially mediated attack of sulfuric acid
on the concrete components used for ground support. The basis for this concern seems to stem from
the attack by sulfuric acid on a concrete cooling tower located in a New Zealand geothermal field.
Sulfuric acid is generated from the bacterially mediated oxidation of reduced sulfur species,
presumably primarily hydrogen sulfide gas. Hydrogen sulfide gas may be derived from the
geothermal brines. Sulfuric acid corrosion of concrete components is also well established in the
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crowns of concrete sewer tile, Bacterially produced hydrogen sulfide gas emanating from the

stagnant sewage collects in the moisture along the crown of the tile. There the hydrogen sulfide gas -

is oxidized to sulfate ion along with the production of acid. Severe corrosion of the concrete can
result in this situation.

The predominant dissolved phase of sulfide ion will depend on the pH condition of the aqueous
. solvent. At pH conditions less than about 7, hydrogen sulfide’ (H,S) will be the predominate
dissolved form of sulfide ion. At pH conditions from 7 to 14, bisulfide ion (HS?) will be the
predominant dissolved sulfide phase. However, hydrogen sulfide, as used in this text, will denote
total sulfide concentration (or thermodynamic activity of sulfide ion), partially for readability of this
text but also because the specific pH conditions that may exist at any given moment or location are
uncertain.

Eglinton (1987) emphasizes that oxygen must be deleted to promote sulfuric acid chemical
deterioration of concrete. Loss of oxygen is required for the initiation of bacterial sulfate reduction.
Even within the orgamc-ennched sewer environment, diffusion of atmospheric oxygen can prevent
the production of bacterially mediated hydrogen sulfide, preventing potential sulfuric acid damage
to the concrete.

Attack of concrete by sulfuric acid is only documented in cases where anaerobic sewer conditions
prevail or where concrete is in direct contact with sulfidic soils or rock (Mindess and Young 1980;

Eglinton 1987). The literature does not describe any cases where concrete is attacked by oxidized

hydrogen sulfide in the absence of organic wastes extrinsic hydrogen sulfide, or pre-existing sulfide
minerals.

Literature describing bacterial degradation beyond that within stagnant sewers is lacking, which
suggests that bacterially mediated deterioration of concrete is isolated. Concrete is often exposed to
warm, organic-rich conditions. In spite of these favorable conditions, measurable bacterial
degradation is not recognized. Under certain inorganic chemical conditions, organic acids can cause
concrete deterioration. However, Portland cement-based concrete is also often resistant to attack by
various organic acids. For example, Eglinton (1987) reports that Portland-cement concrete tanks
have a reasonable life when used to store fermentation products that contain butyric, lactic, and
acetic acids (among others). These acids are present in fodder silage, and the precast concrete staves
used in the construction of the silos are generally made with ordinary Portland cement. Similarly,
tanks made with ordinary Portland- cement concretes are used to distill residues containing lactic,
acetic, and other acids. Presumably, bacterial activity should be maximized in these warm, organic-
rich conditions, yet no reports of serious bacterially mediated attacks are documented.

Portland-cement concrete is also successfully used in manure trenches, such as those in barns,

without bacterially mediated deterioration. The absence of severe bacterial attack under these warm,
wet, orgamo—nch conditions further argues that bactenal detenoranon of concrete is not a widespread
process nor is it inevitable.

The potential for sulfuric acid attack of concrete can be evaluated by exa.iﬁiniﬁg p.l.ausible sulfur
cycles and assessing the applicability to the waste repository. The following analysis will show that
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sulfuric acid attack is very unlikely to occur because (1) the conditions at the site are not conducive
to hydrogen sulfide production and (2) empirical evidence demonstrates that hydrogen sulfide
production does not occur within saturated concrete.

The sulfuric acid attack discussed herein is differentiated from the more typical sulfate deterioration
that may occur when Portland cement-based products encounter unacceptably elevated sulfate
concentrations. The distinguishing factor between these two degradation mechanisms is that sulfuric-
acid attack, in addition to potentially resulting in sulfate deterioration of the concrete, is
characterized by acid dissolution of the cementitious calcium silicates, aluminate, and ferrite phases.
Expansive ettringite attack may also simultaneously occur with the sulfuric acid dissolution of the
concrete. Expansive ettringite attack can also occur under neutral or even alkaline conditions.
Ettringite attack can be mitigated by using the appropriate type of sulfate-resistant Portland cement
and a low water-to-cement ratio in the concrete formulation.

Sulfuric acid attack requires the presence of a reduced sulfur phase (having a valance less than S*),
for example, hydrogen sulfide. Hydrogen sulfide can be abiotically or biotically produced. Abiotic
production requires elevated temperatures, such as in geothermal systems. Elevated temperatures are
required for abiotic reduction of sulfate ion to the sulfide form, due to the kinetic inhibition of sulfate
ion from participating in the oxidation/reduction reaction at temperatures below about 250°C (a
temperature above the maximum predicted for the waste emplacement drifts). Production of sulfide
ion from a sulfate source requires bacterial production at temperatures less than 250°C due to the
kinetic limitation of sulfate ion. Because most bacteria are rendered inactive at temperature above
about 80°C and .are killed above 121°C, limited sulfide production occurs within the temperature
range of about 80°C to 250°C.

Because biotic sulfide production requires anaerobic conditions, oxygen that is present must be .

eliminated by rapid metabolic activity or limiting its transport or both. Rapid metabolic activity uses
substantial amounts of readily metabolizable organic carbon or carbon dioxide and other required
nutrients. Transport of oxygen in the subsurface (for example, through sediment or rock) is inhibited
by saturated water conditions. Oxygen diffusion is slowed by a factor of 10,000 times by saturated
or even near-saturated conditions in the subsurface relative to its diffusion in the atmosphere due to
the formation of water-filled pore connections. Consequently, it follows that bacterial sulfide
production is maximized in high-organic, saturated environments. A further requirement is a large
or renewable sulfate reservoir. Without a large or renewable sulfate reservoir, sulfide production
slows and ultimately ceases as the sulfate ion is consumed.

The conditions that promote sulfide-ion production were examined to assess the likelihood that
sulfuric acid will be generated in the waste emplacement drifts. The waste emplacement drifts and
surrounding area are not saturated. Additionally, organic carbon concentrations are low or
nonexistent, depriving SRB of its necessary carbon source. Because the fundamental requirements
for bacterially mediated sulfide production do not exist in the host formation, it is extremely unlikely
that sulfur-metabolizing bacteria will colonize the area. Consequently, only the potential for sulfide
generation within the waste emplacement drifts must be evaluated.
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The waste emplacement drifts lack significant metabolizable organic carbon. Organic carbon-based
components are specifically limited in use to minimize this potential. Additionally, minimal water
is anticipated within the waste emplacement drifts, which will prevent large volumes of saturated
material from developing.

Assuming that saturated conditions do develop within a concrete invert, empirical evidence suggests
that hydrogen sulfide is still unlikely to form. Portland cement does contain a small amount of
sulfate; gypsum is added to the components during the manufacturing process to regulate the
cement's setting characteristics. However, despite the presence of sulfate ion and possible saturated
conditions in the concrete, intrinsic hydrogen sulfide production is unknown in concrete. This is the
case even for submerged concrete. Oxidized conditions are maintained in concrete, even under
saturated conditions, because sulfidization or corrosion of reinforcement steel does not occur. This
reinforcement steel commonly .retains an oxide coating when encased within the concrete,
documenting both oxidizing conditions and the absence of hydrogen sulfide (or a dissolved sulfide
ion form) which would quickly react with the ferric oxide to form a iron sulfide phase (such as
mackinawite or greigite and ultimately transforming into pyrite) (Berner 1972).

" An intrinsic sulfide source in the concrete will be prevented by limiting the sulfide content of the
aggregate used in the formulation of the concrete, a standard industry practice (Eglinton 1987).

To combat the effect of bacteria on concrete, numerous bacteriocidal admixtures have been
developed (Ramachandran 1984). Materials that are the most effective in imparting bacteriocidal
properties include polyhalogenated phenols, sodium benzoate, benzalkonium chloride, and copper
compounds. Addition rates range from 0.75 to 10 percent, by weight, of cement. An elevated
concentration of copper is required to kill SRB because hydrogen sulfide precipitates otherwise toxic
soluble copper as insoluble and less-toxic copper sulfides. Ramachandran (1984) reports that these
compounds result in the destruction of microorganisms both on the concrete surface and within the
matrix. The admixture's effectiveness is dependent on the method of incorporation into the mix. For
example, polyhalogenated phenols should be incorporated into the cement prior to blending into the
concrete mixture to ensure long-term effectiveness. Use of phenol-based compounds do not
adversely impact the strength development of the concrete (Ramachandran 1984).

_The primary method of preventing bacterial attack by sulfide oxidation is to prevent the initial
bacterial production of hydrogen sulfide, which is best accomplished by continuously maintaining
oxidizing conditions within the drift. This process will be facilitated by preventing readily
metabolizable organic materials from depositing in the drift and minimizing the development of free-
standing water. These preventive activities are planned and will produce reducing conditions. The
development of free radicals by radiolysis and the subsequent production of hydrogen peroxide will
also limit the development of anaerobic conditions. Bacterial sulfate reduction is not observed to
occur in or on concrete in the absence of elevated concentrations of organic matter. Even with
elevated organic and carbon concentrations (for example, manure trenches), sulfate reduction may
not occur on or within concrete.

If a large amount of Portland cement-based concrete is used in the waste emplacement drifts, the
drifts' geochemical and biogeochemical conditions will be impacted. Not only should the potential
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effect of various bacteria on the concrete be assessed, but also the effect the concrete has on the
bacteria that may attempt to inhabit the concrete surface or matrix. Because certain bacteria are
sensitive to their environment's pH conditions, the pH-controlling processes that develop within
Portland cement-based concrete should be examined. .

_The hydration of Portland cement results in the sustained production of calcium hydroxide that is
available for reaction with pozzolanic materials (Mindess and Young 1980; Popovics 1992). This
reaction develops a three-dimensional cementitious framework which gives Portland cement-based
concretes their strength. Unreacted calcium hydroxide typically remains in the Portland cement-
based concretes. Calcium hydroxide and other alkaline components, including sodium and potassium
hydroxides and the aluminosilicates, contribute to Portland cement’s residual alkalinity. Portland
cement may contain up to 0.5-percent, by weight, free lime in the form of nonchemically combined
calcium hydroxide (although this level is not specifically constrained by an ASTM specification)
(Mindess and Young 1980). Solutions with weak buffering capacity or that lack extreme acidity and
initially come into contact with previously unleached concrete often develop a pH of about 12. High
solubility of calcium hydroxide in aqueous solutions also contributes a high ionic strength to the
contacting solution. These conditions are not conducive to the growth of certain bacteria.

Although, under certain extreme conditions, bacteria can survive on or perhaps within concrete, a
major modification resulting in an acceptable microenvironment is necessary. This modification
typically requires the presence of an external source of gaseous hydrogen sulfide or the presence of
anomalous amounts of organic carbon, neither of which have been shown to be probable. This fact
further argues that deleterious bacterial activity on or within the concrete is unlikely.

Although presently not proposed, various inorganic oxidants are available as admixtures to increase
the oxidation capacity of the concrete and to prevent locally reducing conditions from developing.
These oxidants would augment the hydrogen peroxide and free radicals produced by radiolysis and
the oxidizing capacity of atmospheric oxygen.

The use of strong oxidants or the production of frec radicals or hydrogen peroxide would not cause
the concrete or reinforcing steel to deteriorate (Elleuch et al. 1972). Concrete is composed of non-
electroactive components, with the exception of iron which has a protective oxide coating that is
already in its thermodynamically stable oxidized form. The ferric oxide is stable in the presence of
hydrogen peroxide and, consequently, would not react with this compound.

As noted earlier, sulfate reduction can develop, under certain conditions, under a ferric hydroxide
coating in a water-filled pipe. Using Fick’s Law of Diffusion equation-based calculations, boundary
conditions for sulfate reduction under a ferric hydroxide mass can be established for a ferric
hydroxide coating exposed to the atmosphere under a thin water film. These calculations can
quantify the limits of oxygen diffusion and the minimum hydrogen-sulfide production rate. From
this information, the bacterial metabolic rate and the associated requirements can be defined.

Because SRB are obligate anaerobes, the complete oxygen consumption by reaction with hydrogen

sulfide is required to protect the bacteria. Since oxygen transport is limited by diffusion through a
ferric hydroxide layer, a one-dimensional diffusion limited transport model can be used.
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From Fick’s First Law of Diffusion:
J=X aC/ox

Where: J= Flux Rate of Diffused Oxygen (In terms of unit mass per unit area per unit time)
K = Effective Diffusion Coefficient (assumed to 1 x 10 cm?/s)
0C= Change in Concentration of Oxygen (Diffusion Gradient, assumed to be 7 ppm,
the solubility of O, in 25 °C water)
ox=  Distance of Diffusion (assumed to be 0.3 cm)

Assuming a 1-cm? area of ferric hydroxide:

J= 1x10%[7ug/cm*0.3 cm]
J= 233 x 10° ug/em?¥s or 2.33 x10™" g/em?/s

which translates into 1.46 x 102 moles O,/cm?s. Consequently, bacteria must produce at least this
rate of hydrogen sulfide to survive. This oxygen diffusion rate through the ferric hydroxide layer is
very high, in fact, it is too high to allow the sustained activity of obligate anaerobes, to whom
oxygen is poisonous. The production of hydrogen sulfide in nearshore marine sediments, which
represent an ideal environment with very high organic content and an abundant sulfate supply, has
been measured at 1.8 x 10 moles S/cm®/s (Berner 1972), or two orders of magnitude below that
required in the above scenario (assuming a thin sulfate reduction zone) to sustain anaerobic life. The
absence of either sulfate or organic carbon within the ferric hydroxide coating would prevent such
an accelerated hydrogen-sulfide production rate (as measured in the nearshore marine sediments)
from being established or maintained. Even in the unusual event that such a rate could develop, it
would be two orders of magnitude too slow to quantitatively consume the available oxygen, thus
killing the anaerobes. ,

In summary, the waste emplacement drifts will ultimately be a hostile environment for sulfate
reducing, anaerobic bacteria. Radiation will develop immediately after waste emplacement, followed
by lethal heating of the drift. The combined radiation and heat will pose lethal challenges to all
bacteria. The heat will dry the drifts, eliminating a water source for the bacteria. Even the most
thermophilic bacteria cannot withstand 160°C temperatures. Temperatures exceeding 80°C will
develop in the drifts within nominally 25 years after waste emplacement, preventing any bacterial
activity for the remainder of the waste retrieval period. Autoclaving, a method of sterilizing
laboratory and hospital equipment by super heating it to 121°C for 15 minutes, eliminates bacteria
regardless of their metabolic state (Rechart, R., Ph.D., personal communication with Laura Jantz,
Morrison-Knudsen, 9 November 1995). Consequently, even in an improbable worst-case condition,
bacterial degradation can only occur for a short time immediately after waste emplacement.

C.3.4 Potential Longevity of Concrete

Past research indicates that the waste emplacement drifts will be very hot and radioactive. Recent
research has also demonstrated that the predicted heat and radioactivity will not lead to accelerated
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deterioration of the concrete. Consequently, concrete should not have a shortened performance
lifetime.

Concrete and concrete-like products have been used successfully since antiquity (Mindess and
Young 1980; Eglinton 1987). Gypsum and lime were the first calcareous materials to be used as
mortar cements. The Egyptians used gypsum mortars (by calcining impure gypsum) in the
construction of the Pyramid of Cheops (about 3,000 B.C.). Lime mortars were later used in Egypt
during the time of the Romans (about 2,000 years ago). The Romans and the Greeks also produced
hydraulic limes by calcining limestone that contained argillaceous (clayey) impurities. They also
knew that certain volcanic deposits, when finely ground and mixed with lime and sand, yielded
mortars that were not only stronger than ordinary lime mortars but also were water resistant. The
Roman-constructed Pantheon, perhaps the best preserved building of the ancient world (dating from
the second century A.D.), was built primarily of concrete

The quality of cementing materials gradually declined during the Middle Ages; high-quality
cementing materials did not reappear until the after the fourteenth century. In 1756, John Smeaton,
who was commissioned to rebuild the Eddystone Lighthouse off the coast of Comwall, England,
determined that the best limestones for mortar contained a large proportion of clayey materials. The
mortar developed from these limestone allowed the lighthouse to stand for 126 years before it was
replaced with a more modern structure. After this discovery, Portland cement developed rapidly
through the nineteenth and twentieth centuries, and many structures completed during the nineteenth
century are still standing. i

The examples given above document that concrete can successfully perform for extended periods
of time under a variety of environmental conditions. Direct extrapolation of concrete under any
specific set of conditions to the waste emplacement drift environment must be done with caution.
For example, an inappropriate analogy of deterioration would be a concrete cooling tower that
conveys hydrogen sulfide-bearing gases. The above examples do show that under certain
circumstances and lacking known degradation processes, concrete can last for extended periods of
time on the order required for the retrievability period.
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SURFACE DESIGN FIGURES

Appenadi Ins figures and drawings describing the repository surface design. The figures
support the descriptioos provided in Section 7 of this volume. For easc of understanding the data,
all of the figures that appear in Section 7 are duplicsted in this appendix along with design diagrams
such as geners! amangements (i.c., floor plans, sections, and elevations), Gow diagr beating,
ventilation, and sir conditioning zooe disg and jcal equip details.

The listing that beging below Is orgaaized according to the section the figures support. The figures
and drawings are kisted by oumber, title, and page sumber, except for the figures associated with
Section 7.2.7. The listing for these Sgures bt categorized by site map refercace and inchudes
sdditional information.

Section 7.1 Overview
FARDS Repositary Sorface Site OVErview o.oconncverescioncancanes D1

Section 7.2 North Portal Area Overview

1211 Conceptual Dlustration of the North Portal Operations Ares o D3
721-2 North Portal Operations - Surface OVerview .ceoceveceees DS
7213 Noxth Portal Operations « Area Site Map ovvcceveonce D6
1214, North Portal Operations - RCA Operations Flow ....avossvsssss D7
Section 7.2.2 Waste Handling Bullding
Generol WHB Flgures
7221 Waste Form Types: SCP-CDand ACD ..ucvvcvvevvanccascere D3
1222 Waste Form Transfers: SCP-CD and ACD s DI
7223 Mode of Transportation:SCP-CD and ACD ., . Do
7224 Number of Shipments:SCP-CD and ACD . . D%
7228 Cask-Cell DC-Cell Interface Method +eeevevrsscscesssaress D-10
1226 Waste Handling Building (Flooc Plan and Building Sectioa) ... D-11
. System Flow Figures
1227 Waste Handling Systems OVerview ocovaveeesernsscscaness D12
7228 Cask Recelpt and Waste Canister Unloading ooveevsecseraees D13
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1229

72210
722-1
22212
72213
722-14
7.22-15
72216
12217
72218
722-19

Cask Recelfving & Preparstion System coeevviessnrcscssnass D18
Canistered Waste Transfer System .., evseessasessearssee D16
DCWelding and SBBINg ovvvvevvreceocvorsecscecssercees D17
DC Welding & Transfer Systems oouveecosscesesscescessese D19
SFA Unloading, Canlster Filling 1ad Performance Confirmation . D-21

. Uncanistered Waste Transfer System (pg10f2) ceovevonsaeeae D23

Uncanistered Waste Transfer System (Pg20f2) sevenvscanaees D24
Canister Filler Addition SYMem vevvevsrcrcocrcvsocssrssere D23

Performance Confirmation SYstem . ceevuersriinsncccnassccs

Mechanical Flow Diagrams

WHB-SK-101B
WHB-SK-10IC
‘WHB-SK-101D
WHB-SK-101E
WHB-SK-101F

. General Arrangements

WHA-SK-100A
WHA-SK-100B
WHA-SK-100C
WHA-SK-100D
WHA-SK-100E
‘WHA-SX-100F
‘WHA-SK-1000
‘WHA-SK-100H
WHA-SK-100

HVAC Flow Diagrams

WHH-SK-100
WHH-SX-101
WHH-SK-102A
‘WHH-SK-102B
‘WHH-SK-102C
‘WHH-SK-102D
WHH-SK-1028
‘WHH-SK-102F
WHH-SK-12G
WHH-SK-102H
WHH-SK-1021

CB/Loaded Cask Prep Area Sbheet 1 oooveeverenrancncnnnces D31
Canistered Waste Handling Sheet 2 . . D32
Subsurface Transfer Sheet 3 . « D33
Bare SFA Handling Sheet4 .o00eesne tiseseresacsses DM
Unloaded Cask Prep Area’CB Sheet § cocvviieerasnsesceeces D3S

Floor Plan st E1, 10040 .
Floor Plan t E. 11640 ...
Flooe Plan st EL 13040 ......
Floor Plan & EL 14340 .
Flooe Plan st EL. 16040 .
Roof Plan st E1. 18240 .
Building Sections .
Building Secticns
Elevations seuecessssrensoevsasnaressccsvsocasesonsenss D64

cecsssecracsses D36
veeeeveenccsess D37
trsseascccssensss D38

Composite Key ¢vcevecacenscness secsessrasscscse, D45
Carrice Bay/HVAC Equipmeat Room .
Primary Confinement Supply Alr e.civvsneennncacesasneess D47
Secondary & Tentiary Confi SUpPlY Alf ceveasenseniees D43
Secondary & Tertiary Area (EL 10040) oovsreveneccccsaccsss D-SO
Secondary & Tertiary Area (EL 11640 .. eseessecs D51
Secondary & Tertiary Area (EL 13040) .. sesasesse D-S2
Secondary & Tertlary Area (EL 14340) vovrvececnsasiarcenes D53
HVACEquipment ROOM vovresasennsersescansnnnsseeees D-54
Primary Confinement EXBaust Alf o.vvsiseccensenecserrases D53
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WHH-SK-102]  Secondary & Tertiacy Exhaust Alr ...,....
WHH-SK-102K  HVACExhaust Stack cocoeecevecnnsan
WHH-SK-102L.  Neutral Aress etsessesenasetrrrsastacssacriasasnes D58

HVAC Confinement Zone Plans

WHH-SK-103A Pl stEL 10040 cevnicicnccocennsocressssnccansancecss D59
WHH-SX-103B  PlanatEl. 11640..
" WHH-SK-103C  Planat E1. 13040..
WHHSK-103D PlanatEl 14340.......
WHH-SK-IGBE  PIanstEL 604D coervessrrennsrnsscsreesssrssconcrneese D67

Mechanical Handling Equipment Details

WHM-SK-10IA  Loaded Cask Preparation Area Cart «..........
WHM-SK-101B  Preparation Area Station Eavelope eeuveeesees
WHMSK-10IC  Cask LIdBOMT 1evvreeensannsrrssenonnes
WHM-SK-10ID Ok LIRETIOVEL +veveeereororssennnnes
WHMSK-101E  SFA Canister ACOLF Universal ...........
WHMSK-10IF  Disposal Container ACGLF Universal .......
WHMSK-101G  Horizonlahizer «vveveennseoeenens
WHM-SK-101H  Disposal Container Transfer Gantry .
WHMSK-101  Poel TransferCIane vuvveeveneeness
WHMSK-101]  Bare SFA Disposal Container Cart ...
WHM-SK-101K  Port Plug Bare SFA Cask Port Room ..
WHM-SK-10I.  PWR Bare SFASIging «vvveenenccnsens
WHM-SK-10IM BWR Bare SPASUGING ¢vveeererevervreranencecsasencess D81

Section 723 Cask Maintenance Facility
General CMF Figures

7231 Cask Malntepance Facility (Floor Plan and Building Section) ,... D-82
System Flow Figures

1232 Cask Malntenance System Overview aee
1233 Cask Preparation SYStem oeceessvesocessen
7234 Catk Reconfiguration & Recertification System
T 71238 Decontamination SYMEM «veeessrssssesece
1236 Catk Compooent Repair and Closure System
12349 Cask External Repair System ceecesonsaee
7233 Pool Purification System s ceeocvessssnsns
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General Arrangements -
CMA-SK-00! Floor Plan st BL 10040 4o cveevrerassvnsasarvecsssancasnsss D90

CMA-SK-002 Basement Plan at EL 80+0 DN
CMA-SX-003 Floor Plan ot E1, 12640 D92
CMA-SK-004 Roof Plan at EL 15240 . D93
CMA-SK-005 Building Sections ....0.0 D54
CMA-SK-006 Elevationd ..cceveeessostssstessnsiecssasscsssscerssces D9S

HVAC Flow Diagrams

CMH-SK-101 Truck / Railcar Cleaning Area cvccvavcorerenccccnsaocees D96
CMH-SK-102A  Offices and Change Rooms . .

CMH-SK-1028  HVAC Equipment Room 1 DS
CMH-SK-103A  Cask Maintenance Ares .. D9
CMH-SK-103B  Cask Maintenance Area .. D-100
CMH-SK-103C  Cask Malntepance Area ., D101
CMH-SK-103D  Cask Maintenance Area .. D-102
CMH-SK-103E  Cask Malnteaance Are ...ccevversssosecnssscssacccssss D-103
HVAC Confinement Zone Plans
CMHSK-104A  PlanstEL 10040, ......... D105
CMH-SK-104B  Basement Plan st EL 8040 .. res D-jo7

CMH-SK-104C  Plan®EL 12640 .. cvuuncrrarincssssnssracnscsscssnsss D109

Section 7.2.4 Waste Treatment Building

Central Shops
7241 Waste Treatment Operalions cueeeveacescesassasessocscese P11
7242 Waste Treatment Building (Floor Plan lndBmldmgSemon)... D113
System Flow Figures
7243 Waste Treatment System OVETview uisiersencecranseeses D114
7244 Liquid LLW Processing (Aqueous) . D-118
724-8 Liquid LLW Processing (Chemical) D-116
7246 Solid LLW Treatment System ... D17
1247 Mixed Waste Transfer System ... D-118
7248 Hazardous Waste Teansfer SYHEM cvevavavrcessrrasosccees D-119
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Process Flow Diapwu

WIP-SKL01
WTP-SK-002
WTP-SK-003
WTP.SKD04
WTP-SK-005
WTP-SK-006

. WTP-SK007
WTP-SK-008
WIP-SK-009
WIP-SK-010
WTP-SK-011
WTP-SK-012
WIP-SK-013
WTP-SK-014
WTP-SK-01S
WTP-SK-016
WIP-SK-017
WIP-SKO18
WTP-SK-019

- WIPSK020
WTP-SK050
WTP-SK-051
WTP-SK-052
WTP-SK060
WTP-SK-061

General Arrangements

WTA-SK-001
WTA-SK-002
WTA-SK-003
WTA-SK-004
WTP-SK-005
WTP-SK-006

. HVAC Flow Diagrams

WTH-SK-10]
‘WTH-SK-102
WTH-SK-103A
‘WTH-SK-1038
WTH-SK-103C
WTH-SK-103D

uwuuwnmn,. rverersrersroressssesssrnsenee D120
Liquid LLW Processing ...... D121
DI
DB
D%
D125
D126
D127

D-137

Hazardous Wasts Haodling ... v esveesress D

13quid and Salid Hazardous Waste Material Balance D142
Mixed Waste Handling 20d SIO00GE ovvvieneess D143
Mired Waste Material Balance ...... D144

Floor Plan st E130040 «.ocvviveiieroesesssnncanssssanes D-145

D-146
D-147
D-148
Elevstlons cocveonecsccssccossssnce . D-149
D-150

BIeystions .u.coceoveovsoreecosssosrocncsrosassorssass

SMpﬁn;lﬂlealvh'ml............................ D-15t
. D152
D153
D154
. D155
Process Areas EXBaust Alf o ooveersenstocececssossecssss D-156
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WTH-SK-103E  HVACExhaustSIsck ....vceenevcessercsnsnssenssosses D157
HVAC Confinement Zone Plans

WTH-SK-104A  Plan s E1 10040 cocercnresirarancenens
WTIHSK-104B . PlnatE1 11340 cooveacnccrnnannsencncscracerscosanee

D159
D-t61

Section 7.2.8 Carrier Staging Shed
General CSS Figures

7.25-1 Carvier Staging Shed (Floor Plan and Building Section) ....... D-163
7232 Carrler Suging Sbed oaeuvssrrrnesrecntscnsrassoecacsees D164

Sysiem Flow Figure

7282 Cartier Siaging SYsEM 1.ueevvovesessesosassssvonssassss D165
Mechanical Flow Diagrams

CSS-SK-101A  Carrier Suging Shed ceuvvvvereaesnecsnnrsossnvscnsssess D166
General Arrangements

CSA-SK-100 Plan, Elevation and 5600 cevvveecrtesacncvrarorccssnss D167

Section 7.2.6 Transporter Maintenance Building
General TMB Figures

7261 Traasporter Maintecance Building
(Floor Plan and Building Section) ...eestesssevoceccscsses D168

General Arrangements
TMA-SX-001 Floor Plan a1 E1 100 s0d Mezzanine «cvcecernnes

TMA-SK-002 Elevatlons o.ovvecveccescsosssecessoncane

D-169
D-170
D17
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Section 7.2.7 North Portal Support Structures

Site Map Ref. Tils Drawing Number Source
5010 Switchgear Building Floor Plan Site  YMP-025-1- ESP....... D172
2007-AR101
5008 Change House First Floor and 'BABBAF000-01717- ESF....... D-173
. Second Floor Plans 2100-22150-00
N214 DC Receiving Shed DCA-SK-100 ACD...... D14
220-3A  Security Stution 1 (Main BOP SK-228-A-200 SCP-CDR., D17
portal) Floor Plan
220-3A  Security Statioa 1 (Main BOP SK-228-A-220 . .SCPCDR.. D176
portal) Sectica
22038 Security Station 2 (RCA/BOP . SK-22z-A-22) SCP-CDR .. D-IT?
portal) Floor Plag and Section
22038 Sccurity Station 2 (RCA/BOP SK-28-A22 SCPLDR.. D-IT8
portal) Elevations
220.3C  Security Station 3 (RCA truck/rail §K-221-A-230 SCPCDR.. D179
portal) Floor Plan, Section & .
‘ Elevations
220-3C  Health Physics Sta. No. 4 Floor SK-221-A-40 SCPCDR.. D-180
Plan, Section & Elevations
220-5A  Administration Building Ground SK-225-A-100 SCP-CDR .. D-181
Floor Plan
220-5A  Administration Building Second SK-225-A-110 SCP-CDR .. D-182
Floor Plan
220-SA  Administration Building Cross SK-225-A-133 SCP-CDR.. D133
Section Study -
. 220-SA  Administration Bullding Croes S5X-225-A-138 SCPCDR., D184
Section and Roof Plan -
220-SA  Administration Building Elevati SK-225-A-140 ‘SCP-CDR .. D-185
1of2 N
"220-5A  Administration Building Elevati SK-225-A-141 SCP-CDR.. -D-186
2012
220-5B  Food Service Facility Floor Plans SK-228-A-140 | 'SCPCDR.. D-187
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Suse Map Ref. Tile

220-5B

N221-2
N221-3

Food Service Facility Section
“Trainlng Ceater

Medica) Center

Fire Siation Floor Plan

Fire Station Section

Compuler Center Plan, Elevations,
Section

Central Warebouse
Central Shops Floor Plan
Central Shops Section

Motor Pool and Facility Service
Station

Mockup Building Floor Plan snd
Soctions

Utility Building

Visitors Center Plans, Soction and
Elev.

Drawing Number  Source
$§K-228-A-160 SCPCDR.. D188
Included under 220-SA, Adminlsiration
Building

None Available

SX-228-A-300 SCP-CDR .. D-139
SK-228-A-320 SCPLCDR.. D190
SK-225-A-201 SCP-CDR .. D-191
None Available

SK-226-A-100 SCP-CDR .. D-192
§K-226-A-120 SCP-CDR .. D-193
Nonc Avajlable

SK:ZZS-AW SCPCDR .. D-194
None Available

42221Gl MRSMPC . D-19%

Section 7.2.8 North Portal Site Support Systemns

7281
7282

North Portal Waler SYstems ooveerececanssescssasccaceses D196
North Portal Communications Monitoring and Control System . D-197

Section 7.3 South Portal Development Operations

731
132

South Portal Development Operations - Site Plant ovvvvoenesee D-198
Ogpenations

South Portal Development

Muck Storage and TrANSTEr covenevsesecsnatescsaasecneess D199
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Section 74 Emplacement Shaft Surface Operations
741 Emplacement Side Exhanst Shaft Fans and HEPA Filers ...... D-200

Section 7.5 Development Shaft Surface Operations

751 Developmeat Shaft Surface Operations « Site Plan covveeeeess D-201
752 Development Exhaust Shaft Side Elevation at Collar ......... D2
.
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Figure T.1.4-1. Overall Repository Site Map
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DHLW
Canisters
By Rail

DHLW
Canisters
By Rall

Bare SFAs
+ By Truck

Bare SFAs
By Truck

SFA Canisters
By Rall

DS

Figure 7.2.2-1. Waste Form Types: SCP-CD and ACD
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Figure 72.2-2. Waste Forms: SCP-CD and ACD
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Figure 722-3. Mode of Transportation: SCP-CD and ACD
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Figure 7.2.24. Number of Shipments: SCP-CD and ACD
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Figure 7.2.2-6 Cask-Cell DC-Cell interface Method
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Figure 7.2.2-13. SFA Unloading, Canister Fiting and Performance Confirmation.
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APPENDIXE
SUBSURFACE EQUIPMENT DATA

Equipment Data Sheets:
Transport Locomotive
Transfer Locomotive

Emplacement Locomotive
‘WP Transporter

Locomotive Selection Data:
Transport Locomotive

Transfer Locomotive
Emplacement Locomotive

Rail Size Selection Data:

Emplacement Drift Rail
Main Drift and Crosscut/Turnout Rail

B00000000-01717-5705-00027 REV 00 Vol. 1I E-1 March 1996
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Name: ' Transport Locomotive
Service: A single locomotive to move a WP transporter from the Waste Handling Building
(at surface) to Emplacement Drifts (below surface). Tandem locomotives to move a
loaded WP transporter from the Emplacement Drift to the Waste Handling Building.
0 ine Conditions:
1. Working Environment: At surface and below surface in tunnels and drifts
2. Temperature Range: 26°C to 50°C (79°F to 122°F)
3. Elevation: Approximately 1,000 m to 1,200 m (3,300 to 4,000 f) above
sea level
4. Tunnel/Drift Dimensions:
a. Diameter: 5.0 m (16 ft) minimum
b. Grade: Tunnel +1.5% to -2.5%, Drifts +0.75%
5. Worst Case Load:
a. Type: Waste package and WP transporter with two truck suspension
b. Weight: 225 MT (250 tons) maximum
6. Wheel Bearings: Roller
7. Locomotive Dimensions:  Approximately 6.7 mLx1.8mWx24mH
8. Minimum Turning Radius: 25 m (82 ft) for both locomotive and WP transporter
9.  Track Gauge: 1.44 m (56%2in.)
10. Rail: 57.05 kg/m (115 Ib/yd) American Railroad Engineering
Associates (AREA), on steel ties and concrete inverts
11. Rail Condition: Dry and in good condition
12. Power Source: Overhead trolley (250 volts D.C.) for travel in main drifts,
and battery pack for limited travel in cross cuts or turnouts
13. Battery Operation: 4 hours per day maximum
14. Operation: Two round trips per 8-hour day
B00000000-01717-5705-00027 REV 00 Vol. 11 E-3 March 1996
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15. Travel Distance:

4,000 m to 6,000 m one-way in main drifis, and 100 m
(approx.) one-way in cross cuts or turnouts

Equipment Requirements:

1. Description: Two electric mine service type locomotives, for both troliey and
battery operation with provisions, for single or tandem
operations.

2. Maximum Design Grade:  Single locomotive +2% to -3%

Tandem locomotives £3%

3. Maximum Speed: 8 km/hr (5 mph)

4. Control: Manual and remote for operation in areas of high radioactivity

5. Coupler: Standard with remote operation

6.  Approximately Dimensions and Weight:

a. No. wheels: Four (4)
b. Wheelbase: 2.54m
c. Coupler to coupler
center: 7.7m
d. Overall length: 6.7m
e. Overall width: 1.83m
f. Overall height: 2.44 m above rail
g. Coupler height: 0.79 m above rail
h. Operating weight: 32 MT (35 tons)

Fcatures:

1. Removable battery pack

2.  Self-contained battery charger

3. Remote control operation (possibly wireless)

4. Closed circuit TV for remote operation

5. Remote control operation for coupler and air brake connections to WP transporter

Note:  Above weights and dimensions are based on preliminary estimates and assumptions for

approximate sizing of the mobile equipment for ACD. These weights and dimensions
may change during subsequent design phases.

B00000000-01717-5705-00027 REV 00 Vol. 11 E-4 March 1996




ULS. Suppliers:

1.

2.

3.

B00000000-01717-5705-00027 REV 00 Vol 1I

Goodman Equipment Corporation
(708) 496-1188 Fax: (708) 496-3939

‘Contact: Scott Rife

Jeffery Division of Dresser Industries
(614) 297-3123 Fax: (614) 297-3036
Contact: Randy Morris

Balco, Inc.
(412) 459-6814 Fax: (412) 459-0793
Contact: Jess Bartholow
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PRELIMINARY DATA SHEET NO., 2

Name: Transfer Locomotive
Service: To move emplacement locomotive on locomotive carrier from main drift to
emplacement drift.
0 ine Conditions:
1.  Location: Below surface in tunnels and drifts
2. Temperature Range: 26°C to S0°C (79°F to 122°F)
3. Elevation: Approximately 1,000 m to 1,200 m (3,300 to 4,000 ft) above
sea level
4.  Tunnel/Drift Dimensions:
a. Diameter: 5.0 m (16 £t) minimum
b. Grade: Tunnel +1.5% to -2.5%
. Drifts +0.75%
5. Worst Case Load:
a. Type: Locomotive carrier with emplacement locomotive
b. Weight: 30 MT (33 tons) maximum
6. Wheel Bearings: Roller
7. Locomotive Dimensions: = Approximately44mLx2.0mWx1.6mH
8. Minimum Turning Radius: 25 m (82 ft) for both locomotive carrier and locomotive
9. Track Gauge: 1.44 m (56%21in.)
10. Rail: 57.05 kg/m (115 1b/yd) AREA, on steel ties and concrete
inverts
11. Rail Condition: Dry and in good condition
12. Power Source: Replaceable battery packs (one in locomotive, one on charger)
13. Battery Operation: 8 hrs per day, maximum
14. Operation: Two round trips per 8-hour day
15. Travel Distance: 4,000 m to 6,000 m one-way in main drifts, and
100 m (approx.) one-way in cross cuts or turnouts
B00000000-01717-5705-00027 REV 00 Vol. II E-7 Max:ch 1996
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Lquipment Requirements:
1.  Description: An electric mine service-type locomotive for battery operation

2. Maximum Design Grade:  +3%

3. Maximum Speed: 5 km/hr (3.1 mph)
4. Control: Manual and remote for operation in areas of high
radioactivity

5. Coupling: Standard with remote operation
6. Approximately Dimensions and Weight:

a. No. wheels: Four (4)

b. Wheelbase: 1.5m

c. Coupler to coupler

truck center: 48m

d. Overall length: 44m

e. Overall width: 20m

f.  Overall height: 1.6 m above rail

g. Coupler height: 0.79 m above rail

h. Operating weight: 10 MT (11 tons)
Features:

1. Removable battery pack

2.  Self-contained battery charger

3. Remote control operation (possibly wireless)

4. - Closed circuit TV for remote operation

5. Remote control for coupler and air brake connectors to railcars

Note:  Above weights and dimensions are based on preliminary estimates and assumptions for

approximate sizing of the mobile equipment for ACD. These weights and dimensions
may change during subsequent design phases.
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U.S, Suppliers:

1. Goodman Equipment Corporation
(708) 496-1188
Contact: Scott Rife

2.  Jeffery Division of Dresser Industries
Fax: (614) 297-3036

(614) 297-3123
Contact: Randy Morris

3. Balco, Inc.

(412) 459-6814
Contact: Jess Bartholow

B00000000-01717-5705-00027 REV 00 Vol. I

Fax: (708) 496-3939

Fax: (412) 459-0793
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PRELIMINARY DATA SHEET NO. 3

Name:
Service:
' drift.
Operating Conditions:
1. Location:
2. Temperature Range:
3. Elevation:
4. Drift Dimensions:
a. Diameter:
b. Grade:
5. Worst Case Load:
a. Type:
b.  Weight:
6. Wheel bearing:
7. Locomotive Dimensions:
8. Minimum Turning Radius:
9. Track Gauge:
10. Rail:
11. Rail Condition:
12. Power Source:
13. Battery Operatior}:
14. Operation:
15. Travel Distance:

Emplacement Locomotive

To move emplacement railcar loaded with waste package into emplacement

Below surface in emplacement drifts
26°C to 50°C (79°F to 122°F)
Approximately 1,000 m to 1,200 m (3,300 to 4,000 ft) above

sea level

5.0 m (16 ft) minimum
+0,75%

Waste package and emplacement railcar
79 MT (87 ton) maximum

Sleeve

44mLx20mWx16mH

25m (82 ft)

1.44 m (56%.)

44.64 kg/m (90 1b/yd), American Society of Civil Engineers
(ASCE) on steel ties and compacted tuffaceous fill

Dry and in good condition

Replaceable battery packs (one in locomotive, one on charger)
8 hrs per day, maximum

Two round trips per 8-hour day

600 m maximum, one-way

March 1996
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Equipment: o
1.  Description: An electric mine service-type locomotive for battery operation

2, Maximum Design Grade:  +0.75%

3. Maximum Speed: 5 km/hr (3.1 mph)
4. Control: Menual and remote for operation in areas of high
radioactivity
5. Coupling: : Standard with remote operation
6. Approximately Dimensions and Weight:
a. No. wheels: Four (4)
b. Wheelbase: 1.5m
c. Coupler to coupler
center: 4.8m
d. Overall length: 44m
e. Overall width: 20m
f. Overall height: 1.6 m above rail
g. Coupler height: 0.38 m above rail _—
h. Operating weight: 10 MT (11 tons)

Features:

1. Removable battery pack

2.  Self-contained battery charger

3. Remote control operation (possibly wireless)

4.  Closed circuit TV for remote operation

5. Remote control for coupler and air brake connectors to railcar

Note:  Above weights and dimensions are based on preliminary estimates and assumptions for

approximate sizing of the mobile equipment for ACD. These weights and dimensions
may change during subsequent design phases.
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Goodman Equipment Corporation
(708) 496-1188 Fax: (708) 496-3939
Contact: Scott Rife

Jeffery Division of Dresser Industries
(614) 297-3123 Fax: (614) 297-3036
Contact: Randy Morris

Balco, Inc,
(412) 459-6814 Fax: (412) 459-0793
Contact: Jess Bartholow
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Name:
Service:

9.

PRELIMINARY DATA SHEET NO. 4

WP Transporter

To provide for shielded transport of waste package from Waste Handling

Building (at surface) to waste package emplacement drift (below surface).

Onerating Conditions:

Working Environmerit:
Temperature Range:
Elevation:

Tunnel/Drift Dimensions;
a. Diameter:

b. Grade:

Load:

a. Type:
b. Weight:

Minimum Tuming Radius:

Track Gauge:

Rail:

Rail Condition:

10. Operation:

B00000000-01717-5705-00027 REV 00 Vol. I E-15

11, Travel Distance:

Above surface and below surface in tunnels and drifts

'26°C to 50°C (79°F to 122°F)

Approximately 1,000 m to 1,200 m (3,300 to 4,000 ft) above

sea level

5.0 m (16 ft) minimum
Tunnel #2.5%
Drifts +0.75%

‘Waste package railcar
79 MT (87 tons) maximum

25 m (82 R) for both locomotive and WP transporter
1.44 m (56% in.)

57.05 kg/m (115 1b/yd) AREA, on steel ties and concrete
inverts

Dry and in good condition
Two round trips per 8-hour day

4,000 m to 6,000 m one-way

March 1996
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Equipment: P
1.  Description: A rail-mounted shielded WP transporter for the transfer of
high-level radioactive waste packages.
2. Maximum Design Grade: 3%
3. Maximum Speed: 8 km/hr (5 mph)
4.  Suspension: Two 4-wheel trucks with roller bearings
5. Radiation Shielding: 165 mm thickness carbon stee] gamma shield and 300 mm air
gap between waste package and shielding
6. Coupler: Standard with remote operation controlled from transport
locomotive
7. Brakes: Air-operated brakes on all wheels with air reservoir
8.  Approximately Dimensions and Weight:
a. No. trucks: Two (2)
b. No. wheels/truck: Four (4) —
c. Truck centerto center: 3.7m
d. Truck wheel base: 1.8 m
e. Overall length: 84m
f.  Overall width: 27m
g. Overall height: 3.9 m above rail
h. Coupler height: 0.79 m above rail
i. Operating weight: 225 MT (250 tons)
Special Features:
1. The air brake system of the WP transporter to operate in both modes, manually and
automatically.
2. TheWP txanSportef doors to be remotely controlled and operated.
3. The WP transporter loading system, for transfer of the emplacement railcar, to be remotely
controlled and operated.
4. The mechanical parking brake to be remotely actuated and controlled from locomotive.
Note: Above weights and dimensions are based on preliminary estimates and assumptions for .

approximate sizing of the mobile equipment for ACD. These weights and dimensions

may change during subsequent design phases.
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Suppliers:

1.  Transfab, Inc.
(304) 736-5256 Fax: (304) 736-8135
Attn: John Cardia

2. Robbins Co.
(206) 872-4539 Fax: (206) 872-0199
Attn: Bob Moffat

3. National Engineering
(303) 295-3385 Fax: (303) 295-6057
Attn: Marty Martin

4. TWI Industries, Inc.
(412) 835-9400 Fax: (412) 835-6693
Attn: Charles Schultz

5. Muhlhauser Tunneling Equip.

(206) 813-0669 Fax: (206) 850-8315
Attn: Kent Smith
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PRELIMINARY LOCOMOTIVE SELECTION

SELECTION PROCEDURE

Tentative sizing of locomotives is based on selection procedure from:
Goodman Equipment Corp.
Mining Machine Sales Manual
Trolley Locomotive Calculations, Section 4068

where locomotive capacity is determined by the following equation:

where:
7= W x R,
2000 (K + .01) - (G x 20 + R))
L = weight of locomotive (tons)
W = weight of trailing load (tons)
R, = train resistance (Ib/ton)
= R,+(G)20)

R, = trailing load rolling resistance (1b/ton)
R, = locomotive rolling resistance (20 1b/ton)
G = grade (%)

K = Adhesion factor for driving wheels (0.25 for stecl wheel on dry rail)

Rolling resistance is 20 Ib/ton for trailing loads with roller bearings and 30 Ib/ton for sleeve
bearings.

Transport Locomotive

Description: Class D combination electric mine service locomotive for primary trolley operation
and secondary storage battery operation, and equipped for tandem operation with an identical unit.

Selection Criteria;
Trailing load (W): 250 tons
Rolling resistance (R,): - 20 Ib/ton
Grade (G): +2% Condition 1; 3% Condition 2
Speed: S mph
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Selection for Condition 1 (Single Locomotive): <~

L= W x R,
2000 (X + .01) - (G x 20 + R,)

R, = R, +(G)(20)
= 20+ (2)(20) = 60 Ib/ton

(250) (60)
2000 (0.25 + .01) - (2 x 20 + 20)

L = 32.61tons

Selec't a 35-ton locomotive (32 MT).

Selection for Condition 2 (Tandem Locomotives): Py

L W x R,
2000 (X + .01) - (G x 20 + R)

R, R, + (G)(20)

20 + (3)(20) = 80 Ib/ton

(250) (80)
2000 (0.25 + .01) - (3 x 20 + 20)

L = 455 tons

Using two 35-ton (32 MT) locomotives in tandem will meet the requirements of this
condition.

Note: Above weights and dimensions are based on preliminary estimates and assumptions

for approximate sizing of the mobile equipment for ACD. These weights and
dimensions may change during subsequent design phases.

B00000000-01717-5705-00027 REV 00 Vol. II E-20 March 1996




EMPLACEMENT LOCOMOTIVE

Description: A Class A electric mine service locomotive for storage battery operation.

Selection Criteria:
Trailing load (W): 87 tons
Rolling resistance (R,): 30 Ib/ton
Grade (G): £0.75%
Selection:

L W x R,
2000 (X + .01) - (G x 20 +R)

R, +(G)(20)
30 + (0.75)(20) = 45 Ib/ron

2
"o

(87) (45)
2000 (.25 + .01) - (.75 x 20 +20)

L = 8.1tons,

Select a 10-ton locomotive. The locomotive weight may be 10 MT or 10 tons, depending
on availability; either will satisfy the load requirements.

Note: Above weights and dimensions are based on preliminary estimates and assumptions
for approximate sizing of the mobile equipment for ACD. These weights and
dimensions may change during subsequent design phases.
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TRANSFER LOCOMOTIVE

Description: A Class A electric mine service locomotive for storage battery operation.

Selection Criteria:
Trailing load (W): 33 tons
Rolling resistance (R)): 20 Ib/ton
Grade (G): +3%
Selection:
W x R,
L = (tons)

2000 (X + .01) - (G x 20 + R,)

R = R +(G)20
= 20+ (3)(20) = 801b/ton .

(33) (80)
2000 (.25 +.01) =3 x 20 + 20)

L = 6.0tons

Based on this calculation, a six-ton locomotive will be adequate. However, for reasons of
uniformity, a 10-ton locomotive is recommended. The locomotive weight may be 10 MT
or 10 tons, depending on availability; either will satisfy the load requirements.

Note: Above weights and dimensions are based on preliminary estimates and assumptions

for approximate sizing of the mobile equipment for ACD. These weights and

dimensions may change during subsequent design phases.
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PRELIMINARY RAIL SIZE SELECTION

SELECTION PROCEDURE

Tentative rail sizing procedure is as follows:

1. Maximum wheel load is determined for the application.

2. Maximum wheel load is adjusted for the speed using a speed modification factor from

Ref, 1.

3. Adjusted maximum wheel load and size is used with the appropriate table from Ref. 1
to determine minimum rail size and type required.

Ref. 1 Association of Iron and Steel Engineers (AISE) Technical Report No. 6. September 1991.

Specification for Electric Overhead Traveling Cranes for Steel Mill Service.

EMPLACEMENT DRIFT RAIL

Service: Rail to provide for the placement of the WP/emplacement railcar by the emplacement
locomotive in the emplacement drift and the support of the WP/emplacement railcar in the final

placement position.

Selection Criteria:

The rail sélection is based on the WP/emplacement railcar as the heaviest piece of equipment
operating on the track with the criteria as follows:

Equipment:
Emplacement railcar:
Waste Package Weight (max):
Total Weight:

Axles:

No. Wheels:
Diameter of Wheels:
Speed:

Safety Factor:

Rail Gauge:

Rail Support:

10 MT (22,000 Ibs)

69 MT (151,800 1bs)

79 MT (173,800 1bs)

2

4

0.46 m (18 in.) -

5 km/hr (3.1 mph) (275 fpm)

1.25

1.44 m (56%1n.)

Steel ties on compacted tuffaceous fill
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Selection: _ ~

173,800
4

Design Wheel Load = (1.25) = 54,312 Ibs

From Ref. 1 (Table 11) for a speed of 275 fpm and an 18-inch-diameter wheel:
Speed Modification Factor = 1.098

Adjusting maximum design wheel load for travel speed:
Maximum Design Wheel Load = (1.098) (54,312) = 59,635 1lbs.

From Ref. 1 (Table 9) for 18-inch whee] and 60-pound rail:
Allowable Wheel Load = 61,430 lbs.

Select the next larger rail size: 90 Ib/yd (44.64 kg/m)ASCE rail

Note: Table 10 is based on wheels heat treated to 58 Rc minimum and rails heat treated
to 320 Bhn minimum.

B00000000-01717-5705-00027 REV 00 Vol. Il E-26 March 1996



MAIN DRIFT AND CROSS CUT RAIL

Service: Rail to provide for transport of the loaded WP transporter from Waste Handling Building
at surface to subsurface emplacement drifts and other rail-mounted support equipment.

Selection Criteria:

The rail selection is based on the WP transporter as the heaviest piece of equipment operating on
the track, with the criteria as follows:

Mobile Equipment: WP transporter

Total Weight (with Load): 225 MT (250 tons)

No. Axles: 4

No. Wheels: 8

Wheel Diameter: 0.61 m (24 in.)

Speed: , 8 km/hr (5 mph) (440 fpm)

Rail Gauge: 1.44m (56'2in.)

Safety Factor: 1.25

Rail Support: Steel ties on concrete inverts
Selection:

Design Wheel Load = w (1.25) = 78,125 Ibs.

From Ref. 1 (Table 11) for a speed of 440 fpm and 24-inch-diameter wheel:
Speed Modification Factor = 1.122

Maximum Design Load = (1.122)(78,125) = 87,656 lbs.

From Ref. 1 (Table 10) for a 24-inch wheel and a 104- to 105-pound rail:
Allowable Wheel Load = 87,750 Ibs.

Select the next larger rail size: 115 1b/yd (57.05 kg/m), AREA rail.

Note: Table 10 is based on wheels heat treated to 58 Rc minimum and rails heat treated
to 320 Bhn minimum.

* Above weights and dimensions for the selection of rails are based on preliminary
estimates and assumptions of the rolling stock for ACD. These weights and
dimensions may change during subsequent design phases.
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APPENDIXF1
RAIL CORRIDOR DESCRIPTION
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F1-7 March 1996
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Jean Route, Stewart Valley Alternate

Cuml. Archedlogieal & Road Cromings & Tepographic Bridges & Hydeologc Operating
USGS ran| Miles ®| Sec Twp Reg | Location Deacription Land-Use Constraints Historteal Sites Proxiity te o Condl derailons Constderstions Conslderafions
High Pesk 7.5° 300 | SEITISS RSIE[Ammrgren 4. Geade Scparniva
lthé;a: 34.5 § SR TIIS RSIE| Wk Roxse rough weseern bk of Bridge w40 20" bag. :-‘?:h‘w.mﬂ
NTP-I92 35.3 529 TIAS RSIE | Wah Laut Chance Range. Major culvernt isallaion.
Plate 13: D4 7.0 $19 TIAS R2E | Surprmit [ Top of grade.
Some heavy earthwork.
roquived 20K apqvoz. 6
A Axls »o 38 TIRS RS2E | Foot of M1, Montgomery lliﬂ:.?m
* Rowe: crrnaes alhevis] . Masy Culverns required.
Qn Powertise Right-of-Way
MTP-193 NEVOS100. 90 8.
Plate [3:C4
e 13:C o3 | s9TsRem|Cony et momap | Teetoos Netwot Wy Grade Scperacion
Powerlion Right-of-Way
NEVOSSSH, X008,
®Ss 30 TIES RSZE | County mad Signaled Grate Cronsing
U' Masch point for
Place 13: M4, A, B4, | 1O | SBTISRSIE o Donert Secrion,
BS
¢ Qunulatve Mileage figures sre apprmairaste and refer ©0 dis Touie aection enly; mileage hetween adjoining ouse secri bs 801 contigunus,
BOO00000-01717-5700-00027 REV 00 . Fi13 March 1996




Roste Sectlon Description

Jean Route, Amargosa Desert Section

Coml, Archeslogical & Road Cresslags & Topographic Bridges & Hydreloghe Operating
USGS Quadranple | Mlies ¢| Sec Twp Rog | Location Dearription Land.Use Constraints Histarical Sitee Proxinity to Population Considerations Connlderations +  Cansderations
Spocier Rarge 13° | Match potns por aloher
:’hnu.-u.u_u. Qo0 szzﬂ&smammm-
7.0 $3 T163 RYE [Rock Valley Wash Bridge wp 0 200° g
Rewte arvamut srasth side of
Fzm .
Higtway Right-of-Wey
CCO13078, 400 B.
Latwop Well 19 NEVO59100, 80 1, .
Pure 1:A2 AL B2, | 1S | SOTISSRE|Hey. 05 ey Grade Separatina
8 NEVOSSS4, 100 8.
Powertiac Right-of-way
NEVOSS116, 100 &,
15.0 | $4T153 RYE|Bonr Nevate Tox Siw 1.5 % wence.
Owe sigaits ey renme panaliels power
oiae wiehin coweridne.
210 [ Topnpah Wash © XY
213 NTS Road Oracle Seymracion Prohahie rouse I sersight across
3.8 NTS Rosd Signaied Grade Crasting "‘“"“m"'
-
) 34.0 NTS Road Tt e Signakes! Orade Crrasiog W!:vn-l-hﬁn
Toppeh Spring 15* 25.0 NTS Road Sigmaled Crade Crnasing \n i aren.
. Numerous significant Bridge wp 0 600" Joug.
Hlaca 12: B3, B4 70 Forrymile Wah shcs, primactly oa Prohabic location M sarrow
rvaces M_&
Renac dwomgh pup ba hills 1.0 20 % wpgrade.
nile east of .. Some curves.
Sir
N | I
* Curuladve Mikage figures are apyvosionee sd refer 10 this route secdon only: mileage butween adjoining souse sectines b ot costigures.
Rns
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Route Section Description

Valley Route, Las Vegas Wash Section

Cuml. Archeslagies! & Roed Cromings & Topographic Beidges & Hydeolegic Opersting
USGS Qusdrangle | Miles * | Sec Twp Rng | Location Description Land-Use Constraints Historieal Siees Prendmity te Population ._Consideratlons Conslderstion Conslderstions
Olark Crumty Develapment of
Apex Heavy Indatrinl wes
Park - Pblic Law 10167
would affect corridng frm
Dike 1 Apex. Comasction a8
Dike wewikd shoren line by
apywes. 2 miles, It wendd
maove prohshic wack Iocation
appwox. 0.5 mile cloner 1y 7300
Lake 15° acse propoesd laed eachenge Comaoceion ot wirekd (Comnevzicn wish U.P., duecdy
Dy Arpros. midwey torwoss  fares. secuine 2 miles adbdcoal rack o maickac,
Rek . (1] 58 T198 RE3E| Dike sad Anex poar U.P. CnaATUction with hesvy Ome mile fong 1.3 % upgrade
s Miepret 349, Esscr BLM wailicy corridey eartrecek aad grade acparstve hegion waea 0.5 mile of
Q NSZTS? aver Hoy. 604, cnnnscsion.
MTP-199
MTrX0 Powertine Right-of. Wey
Plose 15: D4 NEVOS1943, 1000,
Powertiar Right-of - Wey
NEVDS7348, 1008
Powerline Right-of-Wry
pe1s
Eosey Nellw Small Arow
10 $1T19S RS2E Range .
Gass Peak IS
Referesce: *
Q86
MTP201 (One sunall significans
MR $11 T198 RE2E, archeningical sise widhin
MTPM Nellu Wiklerness Santy Aren |oOrrider.
MTP04 ABC
MTr-205
Place 15: D2, D3 b ied 0 L34
One pmall sigrificant
£ TI%8 REE archeningical sise within
formiar,
Primary poute s shove Nards
40 £IT198 R6E Ares of very large alhovial fan | Las Vepat finnd onetral Appens. Snies of 1.5 %
" (4.5 milles across), M!ﬂu. Many targe cdverts | apgrade,
(One mal significant
S4 T19S REZE echaningical sise wichin
‘uﬂ‘&'

* Comalstive Mikcage fipares are sqpresimae and refer 0 e route section saly; iileage hetwern afjnining smate nectins i ang consigunus,
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Valley Route, Las Vegas Wash Section

Cuml, Archeslogieal & Road Cromings & Tepographic Bridges & Hydrelogic Opersiing
USGS Miles ¢ sg'l'bpgs Lacation Deacription Lond-Use Conatraints llhauﬂl_a: Proxienity to Porulstion Conglderstions Comalderstions Conalderaiions
Cass Peak 15"
l::g:-: Cinsesz polnt 10 7500 proposed
MTP-201 nad exchangr area. Prohahle
TP 60 | ssmiosmms i bocen e e 13
TP newhere s 2.0 siles of mree
MTP205 o trwthers progerty lae,
Plate 15: D2, D3
. unuml”‘g"""""”"
75 | simisspan W
[ %] £36 TIS RSIE Denere Natirmad Wikiiile Range
Rewste: crosscs 8 series of
s Poak 15" aDovial e ot e of Lan |00 S st Inemllao
| Vegee Range.
Plase 15: D2, DI Wn-n,—-mu-u
. 1S | 201 Ties Barp| Rk Do Noeaud WARIR et of researion hacin on L
Vegas Wub
Ro-enier Descet Nacoosd serica
165 | S TIS M6 |ovmity Range e e et | Some mae catrent ot
Exit Desert Natiosal Wikdtife ’ . Vepm Range.
130 | snTuskesl,
Quall Spriogn Wikdernens &-:llphnl..b
Coeek Springn 15' Soafy Area Puimte {afian Rescrvation, .
G I8 1.0 SUTISS RWE| Prohabie wack incation s Rouse croacs alluvial feas. Many culvern sequind,
References; Tefephone Right-of-Wey aggwos, 1.0 mile fives anvthonst
o NEVR, D8, erewer of
Phebrer Bridge from aorth i
MTR? - |archesiogical siees, one o8 sach © sond
MTP.208 20 S1ITISS RI9E | Laa Vegns Wk e of Lot Vegas Wash, moar ot wank.
TR . ronbable bridge st
[Chmesm point  privete buad
Plate 1S: C1, D1 dlluthWIldMT!lS wiss
2.0 9 TI58 R9SE :SVE.P\I::::;:!“::&! Arpeax. 4.9 aulles of 1.9
soxtheest coreer of privesy
\hﬂt

® Cumuladve Mileage figrwres are sppeaxinate sod sefer 0 this foute section ooly: mileage tetwaen edjolning aar wxtinns s 8ot comtigans.,
BOCO00O00-01717-5700-00027 REV (0



Valley Route, Las Vegas Wash Section

Cuml. Archeslegical & Roed Cremings & Topagraphic Bridges & Hydrelogic Opersting
15GS Je JMiles ®) Sec T Lecstion Description Land-Use Constraints Historical Sites Pndnn{lo.‘ Conslderstions Comalder ailons Coarviderations
23 | SRTITSRE|Con et Springr ke, [T el Wiy Sigaaied Grade Cresing
30 | SI4TITS RewE| P Ty sco Nellx Ale
Gorn Crock Spings 15° Sau-ll:u.’-:ikim
Plate 15: C1.D1 :aam-):::va-hm
2.5 miles. Rstocados of some
of Ghcac faciities (Rurther
onrfh) mey e aecessary
keep tall Bae an sccepaahle
H
Black Hil SW 7.5 Protuhie track Incation is
parafied w and 0.3 10 0.8 miles
Referesces: ek of Hwy. 95.
o Probehie track Incasion s closs
irreguiar bramdary of Nellis
Plate 14:BS :ik-ul.-z.umhc
Indiag Springs SE 7.5° mulipke fimes in fis
N
Referemes:
Matck poist for sisher Indam Right-of-
or o us T168 R378 | s Aberncre o sl
MTP20 Cacnet Springs Akermate.
Plase 14: B4
* Cumslasve Mifeage figurss are anywaimase snd frfer 10 this soule sectin naly; mikage hetwees sdioinig sowie sechons i ant contigunes,
BOOOOOO00-01717-5700-00027 REV 00 Fl-12 March 199




Route Section Description

Valley Route, Indian Hills Aliernate
Comil. Archeslegical & Read Crosingr & ‘Topographle Bridges & Hydrologic Operating
USGS Ouadr: Miles ® S«T-pks Laration Deacription Land-Uss Constraints Historical Sites Preximity to Populati Conal Cis -t Jons +  Conslderstions
Maick poit for . y
i TIES RSTE| ) o+ Veper Wash Section. .
Highway Rigtt-of-Wey
01819t 400 A
todea Spriegr SE7.5° | 05 "TI6S RSTE|Hwy. 95 (four bnnes) e g o Wy (G Sepuraticn
Place 14,34 ) Prwcrtiee Rigtsof-Way
NEVOGIS4, %00 8.
One small significasi
£20.29 TI68 Withdrrwal, Power Project | archecingioal sl In prrhern Bt cromms seces of sial |\ . Arpmz. $.0miles of 1S %
. RSTH NS4 portios of creridor, soutk of fans along haso of Sqring Mes. cherts .
Hwy, 93, .
Prohahie gack incatm
‘Within peoprmed DL wailicy appron. 1.5 miles soarh of (mnd
5SS | SX2TI6S RSGE|Eamera thot of Mits corridor o e viche from) popaiated
[rsSian Sqrings 7.5 area o Infiany A
Extemsive sartrwert areded fe
References: good slignasent @urongh sastery.
S':an pardos of hills.
Some cuts on W 8 ot
MTP21 bl *:qx
Phate 14:83 20 | 520 T163 RIGE| Sumeni Top ot grade.
Route crosses alhevial faas. Many colverts required. Approz. 3.0 mien of 1.5 &
118 | 34 T168 RISE| Witkrw Creck Bridgs wp i 200" bong. dowegrade.
Revats covicior ciraely fhlkoes. .
Mescwry IS 2640" wide utility coevidor.
TI6S RSSE
o e
MTP.214 163,00,
MTP-218
M6 250 | 536 TUSS ROE[Bwy. 95 (our bemen) a’“;'l':l’,l"‘:n"'m"" Grack Scparation
MTP217 L .
lallats Epsrs Nevads Test Siae.
. %0 T1SS REIE | Mosch pobw for
Plote 14: AL, B1, B2 sl
® Cunsdative Mileage figures sre approzinase sad sefer i this rouse sectinn ooy, mlleage hetwern acjnining rouse sactioes Is a0t cosdguoms.
Fi-13 March 1996
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Route Section Description
Valley Route, Cactus Springs Altemate

Conl. .. Archeslagieal & Read Cressiags & Topegraphic Bridges & Hydrolegic
tSCS Miles ® ) See Twp Rag ) Locatlon Description Land-Use Constraints Historicel Sites Prozimnity to Populstion Considerations Conslderations Conslderstions
Monck point for = "
\nas Speioga s2 78 | 89 TI6S RITE |/ ve Viges Warh Socttm.

. 10 TL__“mr___MNMM (Grute Seruratiog
Plte 1434 Exik Nellis Air Foroe Range

35 | SI3TiSSRYE Probabe ack freatinn b
P . panalled 0 9 0.3 12 0.8 mides

ss6s| swoTisnsE w""‘""““" Foron Aty 95,
‘Romting mort of e airSeld

may requaire 8 prade henarating Rail fice could
pont eiher i the
vet O mad ks Nells A7 [0 n ares porth of the sirficld

Force Rasge.
el el R ot
indien Yprivg nrblenry sed civilion syt ey Doquire twn signaled grade |, ) 0 giciest and H
Plate 14: B3 rareidy [oromings b it 0 e [ETIRE SO R R
:*q“::::"::; [seiocation of some Alr Force
would be witin 0.3 mile of |4 Civiies k.
oack decarine,
9.5-10.5] $1 TIGS RSSWE Bk Neflis Air Frwce Range:
] Due 10 whdth of wash (appros.
ns $12 T163 RASE | Infan Sqwringe Wask . 10007}, erassing may lavolve:
. several 5
Routng i the lower bills oo the |
. a0cth side of Indisg Serings
Yelley would require snms Rowding in the valley botom Upn3aicrar 1S %
beavy exrthonek over & 3 mile [ooeth of e wash may requs
Iackan Spriogs Valley |imance, e s ciace © Ictuame! rekccation i soction {106k Pedred for roing o
Mercary 13 e walicy boanm woold recuire | 12,
heavy eardrwert naly fn section
Plote 14: AL, B1. B2 L.
190 1 SITIES RI4E | Bruey Neflw Air Povoe Range
23 $3 7168 R4E !
Sumwnit beewees fndksa Prohehic track Incation
ns $31 TISS RS4E | Srwinge Valley sad Mervwry appeest. 6.2 mile from Hwy. 95
Valey Gue b aurmit
Erser Nevada Tent Site.
8.5 T1SS RIIB | Match prin v
Mo Srcsion.

* Conladve Milcage figusen are sppermimaie and refer 10 this s secting caly: milcage hetween afjolning soowe aections i Bt coatiguont,
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Rowte Section Description
Valley Route, Mercury Section

Curdl, Archeclogiest & Road Cromings & Topegraphic Beidges & Hydrolegic Operating
USGS Miles ¢ | Sec Twp Rag | _Location Description Land-Use Conatreints Historleal Sites Proximity to Populatien Conslderafions Comiderstions Conal derstions
Bowr Nevada Teat She.
Mewcury 15" oo 153 3 | osch pebnt e sfker bndion
3 Cacts Springt Abernie. Revating along wpret slopes of
Plste 14: A1, D1, 52 Mercury Valley, herween the
10 Road 1 Towes Hill Signaled Crade Crraning aite of Carnp Demert Renck snd Short 1.5 % graks, mosty
. (Grade Separtion. Mercury, Sl elewation downgrades,
20 Higveay (Cireant polat tn rwa of [chunges a0 Gherehy permits
Mercury Mercary, appwor. 1.0 mile moderaee grades.
km—mmm.
10 Jackans Patx Road Ciwde Scperstion
Prohahie souts woald geacrally
paralied power Sine, Same short Short 1.8 % wpgrates.
. | seretches of heavy earttrant.
'Clons proximery e Jackass
Sumembt berwern Mercary [Ons amall Extensive eardraenk in viclsity
Scecar Range IS° tos Valkcy sat Reck Valky archatopica s swar sumeni, | T Rt Bicly fo vickey g
Vary significant y
Plate 13: A, AS, B4, "
s . s (Cone Sgring Rrad e b et of | Sipuled O Crocung
Valley.
ﬁ g s..nmnmm—hllnlnh-nul
Nevada T Mm, oorts of Jackass
e She archsological the wichis e s B
. Shore LS % domngrades,
One small
163 Tackars Piass Rosd archaningical siee in vickeity of [Grade Scraration
ack
Some heavy sartreork sloag
(Ous siguiicant archuciogical avuiwest side of Lide Stall
e withia corTichs, Mowra
33 Topopah Wi {Briige wp w0 200" kg
258 NTS Road |Grade Serarstion Prohahle soute fn sraiglt acrom
" Jacknes Plat, west of
26.0 NTS Roed Signaled Grade Crrasing Tack of %
ns NTS Road Sigrmind Grade Croasing ‘w't:n-ihﬁnh e,
Topopad Siring 15* b X} NTS Rond Sigrmind Grade Cromsing in Gin
. skgnificant Bridge up 0 600" drng.
Plote 12: B3, B4 313 Portytaile Wack . archesiogical sies, grimarly on Prothic bocation at mrrew
wrreces elmg waeh. {point sear BM 340,
Rouse fwoagh gap Ie hille 1.0 2.0 % wgrade.
\*—amm. 1Some sharp carves.
s | Repostacry Sise I .
(or® Poewd)
® Cimutadve Mileage figures are appworimese and fefer 10 this rowte acction caly: tnileage betwern w§oising toue sectines s 6ot contigwous. )
Fl-15
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Route Sectlon Description
Carlin Route, Crescent Valley Section

- |
| Road Crasings &
tsGs Cunnl. Sec Twp . Archealogies! & Topographic Beidges & Hydrolegie Opersting
Qusdrangle | Miles® Rog Lacacion Deacriptien]|  Land-Use Conetralnts Hislarical Sitsa Provimity te Condderstions Coasidersilons Conlderationa
Poplation
Bareswe 150 !
{ Camnection wkd Seuthern
I:ko.n:t: \ Comection i st 1S Pacific (drecdy
¢ miles st of Beowawe malolice). Cromection with
" ao I TIHNRGE] Viirmy Beowawe ; o 0 1.0 miks of 3 Yiokon Pacific s vis
UTP44 . crosover(s) hetwoen $.P.
; ~d LLP,
Plote I: BS |
Durgby 15'%
Referesce:
o e $1.2 TN One ignificons archerivgical
MTPS RaE vhe wiciin coeridee,
Place I: B4
2 | simnaeg fimarjotorM Ceate Sepuencve
Crescent Valicy Maerial Pit N39SY Corride §s shout 1.0 plle
15 183 | STONREE Rond Right ot Wiy st of the D of
ltké:‘u: N3SiN Yoy
529.30]  Bareka/Lander couary
WTra? e vt I Adrpont Lasse Ns6st2
) .
Rond Right-ol-Way
Ll = Nssing
— "y L T . Sigmaized Orade Croming
gt r—
sheckerbosnd P .
B, So Tl 20 | ssTaNRae . Lt il Qe Separaiion
Teleptroe Right of-Way
Pise 1:C4. D3, n2 sz NI3672 (eaderground), 10 Sigrakiznd Qrade Crossing
s s Pomedine $iguakized Orade Crouiag

* Cumnilaive Milkcage figures are arpwnninses and sefer In this soute aection only: snileage hetmeen afjoining rouse sectinns s ot contiguat.

BA0000000-01711-5705 L0027 REY 00
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Cardin Route, Crescent Valley Section

B00000000-01717-5703-00027 REV 00

Road Cromings & .
UsGs Cuml. SecTwp | - Archealogical & Topographic Bridges & Hydrologic Opersting
Quedemngle | Mies ® Rng Location Deacription | - Land-Use Comatraints Hisorieal Sites Procimity !.‘_"“ Constderations Considerstions . Considerations
hetween Cortez and -
210 TIIN R4TE
Gold Acses mining
Corez 15° operatiom.
Reference:
48 Telephoae Right-of-Way
MTPSI Nt 08
T2 28s $8 T2ZIN R4TE Sigualizrd Grade Crrssing
MTPS3 Road Right-of-Way
NTP-34 K
MTPSS - .
nt | sarnRaE m‘f"‘“’ Sigmiized Grade Cronsing .
Plaze2: A4
SI3TON &--ﬂ—d—-ﬂ
310 ROE ascheolngical aie within
i
ns Sxﬂ Vicinity Recky Pass TM-ol:bd-"Iy
| 338 ) 83 RAE Sigralized Orate Croaving
Refereace: 2% Upgrace
Srrss
%0 SOTIN]  Dry Coryon Semask Top of Geade
Plate 2: A3
2% Downgrade
83 T23N|
®.0 RAE Dry Camryon Spring
Hall Creek 15°
Refereace: Sorveral Unevalustcd
6.0 £3 TN R4GE shiss ot varioes
Pare 2:33, C3
Roate crosses § weries of
;‘amw abevial faew.
- Withdrewal, NO78, Desert Ouve large acvabuted
Reference: o TN R46B Land Buary. ascheological site st quarry .
Q4 Beginning of sptit corridor. | within corridor,
Plote 3:84, CA
L]
¢ Cameindve Milrage Sgures are spproximmie and refer 0 thin sowse secting only; mileage hetwess aoining raste secdnes b not onmtigaot.,
F1-17 Marct 1996




Carlin Route, Crescent Valley Section

Read Cromings &
usGs Coml. Sec Tvp Archedagicl & Tepographic Bridges & Hydrologe Opersting
Quadrang Mites ¢ Rag Location Description Land-Use Constraints Historical Slias - M:-u Coruiderat Canaidersilons Craniderail
Ackermas Cagyen :
15 %0 TIN R&E,
Reference: Maning Pasent, Stae
ae ©®o sunmN ::,m-nn-m
Plare 2: D4 R camdre,
Mot Calaghsa o.nuuiqﬁun L-u--u:.tu
15 i mies 2 2.0 sl
00 | SITUNREE G 10 priveas baack, Joag. tiong coeck cxcading
|t eneridre. -
Q%
Mrrs7 Comdre witia 1.0
MTPSS 70 $9.10,18 Grans Valicy Ranch e
Y X TN RUE id i of roeck.
MTPL0
MTPS
29 TAN
(22 4] 3 o Sigaalized Orade Crossing
Placs 2: 02,12, cridee 3% Upgrae
B4 10 | $7TINRUE Ead of i
$18 TION Puch
5.0 ey Bye Pk Compra Top of Orax
Oue tigaificant archeolegical
0o £25 TaoN Powertine Right-of-Woy | sise michin crricor 0.5 mile .
R4SE . NS253, 15 A, ot of bigh prise in aection
B .
Powertion
mg" Mosch o e sirer | NESML, OB
"o SUTIN|  Big Sk Valiey
Place 3: A2, A RASE|  Abernese & Mbonite Telephrwe Row NSJO2L,
o g Veley Abernave. 18
Cowvm Sine NSI021
¢ Cumulsave Mijeage figurcs are approxicnete and refer o this srue secsing nady; mileage betweon afnining 10w secscas is g coatiguoan,
Fl-1 March 19%
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. *  Route Sectloa Description
Carlin Roue, Big Smoky Valley Alternate

uscs cut.| v " Archasiegical 2 i Tepograptic Briders & Hydrobogie | Operaiing
g Mikes ® Yog Location Description|  Lasd-Use Constraints Historical Sites Aoty Considerations Considerations Considerations
. SUTION]  March pob por Roed Reow NEVOSZI6,
$pemt Hot Syvioss 00 RASE|  Crescers Voiey Socvin. | 200 1.
SU TIN| Posy Bxpress Tradl o 8
Izt&v;ln: as pasg| POy Expeom Trall Msrical g,
MTPE) =
Ous slgnificant
MIPS4 131N Read Row NT2I9, 66 8.
MIP4S 4. ResE el Novs2s Archeningionl tie whtin
MTP- -
MTr47
snTIN
pime3s A8 74 T Siguattzed Grade Crousing
n SITITN o ] .
04 Hial Sigmlized Orade Cronciog
Wikicat Peak 15°
Reterence: Rovac czomnes 8 Joag series
o . u3 SITTUN]  Lanteeniyo covmry tne | Femce Of alrvial fam,
Plate): QL. D2
Mice Racch 19" .
Poed Right-of-Way N69T1,
References: R
Q9
MTrS
Plar3: DI
Carven, NE 1.5°
Widserwsl NITIET, Desert
Reference: .
[ o TN Land Baery Sigaaknod Orace Covm
: Rus Wehdrawal N3TL99, Desert
Plste3: B *
Land Bowry .

* Cunuistive Miikeage figures sre apywnximie s refer & Giis (e pection oaly; inlieage hetwees sdjoining rowte sectinas I8 Bt cnodgunes.
B00000000-01717-5705-00027 REY 00
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Carlin Route, Blg Smoky Valley Alternate

[ -y Archeslogical & Reed Crominp & Topagraphic Bridges & Hydralogh
UsGs © SeeTwp Presdmity te Hy! e Opersilng
g e Miles * Rag Locatien Descrigtion Land-Use Constralnts Histartesl Stes ! i L‘ Candidersitons Cansiderations Cansiderations '
Carverx SE 1.5° i
References:
b SUTIN Loy
NTP.0 o RE By
M Powertine Right-of-
N2 NSMIL 10 R
Plate 4: AS Widdrrval ROMS
Carvens 1.8° Roed Right-of-Way
N6, 801,
Q% Fume Right-of-Way Gnde Separacicn,
i %3 | STNCE Nyl 08, Higheey 376
Plate 4: At
| Piare

* Cumndative Milcage figures ave sppevnimaie s refer in thin rowse section only: mileage hetwees adjoining Tuse sectines I ant ormsiguow,
BOOOO0000-01717-$703 00027 REV 00



Catlin Route, Big Smaly Valley Altemate

if

Sec Twp

. Land-Use Conatralnts

Archeclagieal &
Histarical Stiee

“Tapographic

Bridges & Hydrologle
Condiderations .

Operating
Considerations

Pahin Caayos Reach
15

5.0

lz

$20 TION
QB

Q5
Fiste d: B4

$23 TION|
ROB

Coeridoe i apilit e
sppraximately 10 siles &n
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Carlin Route, Big Smaky Vallcy Altemate
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Carlin Route, Klondike Alternate

UsGS Cumd. Sec Twp & Reed Cressings & Topographlc Bridges & Hydrolegic Operuting
| Qusarangte |_ M Ra Location Description]  Lavid-Use Comstralaty Histartcal Btra to Popuiation| . Comelderations Conslderations Convéderstions
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Carlin Route, Klondike Alternase

USGS Cuml. See T Road Crewings & “Topogrsphic Bridges & Hydrologi Opersting
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BOCO00000-D1717-$705-00027 REV 00 FI . March 199




Route Section Description

$00000000-01717-5705-00027 REV 00

. Carlin Route, Monitor Valley Alternare
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USGS Quadrangie] Mies® Rog Location Description Land-Use Corstraints Histerical Sites Preximity to Pepulstion Conslderations Considerations Considerations
a0 S TION|  March point for .
RASE|  Crescent Velley Sardon
SISTIN
60 R4SE,|  Adjsomt 1o Overind One sigaificant sie In Rye
S1121334|  Express Rouss Puxh Caoyon.
Sponcer Hot TN R4SE
Spriagr IS St .
Plate 3: » ) TUNRAE {"*.....nf":i?“““‘ Materia] Sive NEVOAIS] 0"5“‘":."“*""“
Late 3: A2, A3, b+ ) Natioan? Regisser of Historic i
Fighway Right-of Wi ::'ounan-.;t” sartrwark and
113 TUNRAE|  Crom Highwey %0 mm,_"’ m,,;‘:;_*,, r;u-hmd 130 Boear foo bridge,
z Spencer Flot Springs Qued, i
.m,,.l y Surwmit of Toquina Raoad Right of-Way -mu-hu. g mmmm"
. . (s Brocatve e
06 110 TINREE|  poge NEVOKZTTS, 4008, Stk st b £or & 3 miles over
MTPOS Toguima Ranges.
MIP9Y
MTP-100
iy Fuat oot of Toquen
MTP-103 no TIINROE| Range .
Plote 3: AL B4
Dianss Punch Bowl '
[ S TIN Moukser Ranch s for o Two majer
»s Toml pous Ranch Vicky Nional Regior of torc | - SiEiod crusivg Toro mejer dnivuge
References:
Q56
e x
$ SN TIN|  Disnes Punch Bowl she ot Diunas:
MTP-106 a1 R4TE|  Vickiy Prnch Bowl Mt prings.
Plate L C4
Box Sring 1.5
Id'a:;-. . .
Two lurpe “so-vecard” shes .
MTPRI07 Two sigralied of Two major drainage
MTPI08 a3 TIINR4TE|  WemofDryLske 2t sovers mmall o cert® mu_"‘“’"  arerning,
MTRI09 :
MTP-110
|_Plate); B4
* Cwndacive JGkeagr Bpares are sppernimate and sefer 1 Bl Joute sccrinm onaly: mileage hetween adfrizing Jouie sections Ie st coatiguom.
Fl-2s March 1996



T

Catlin Rouie, Monltor Valley Altemate
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Route Section Description

Carlin Route, Baxter Spring Aliernate
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Route Scction Description

Carlin Route, Ralston Valley Aliernase
Cumt, See T Archeolegicst l Rosd Croasings & Topographic Bridges & tiydrologic Opersting
USGS Quadrangle Miles ® ko "i Location Description Land-Use Constraimts|  Historical Sites Proximity o Populstion Conslderntions Considerations Condiderstions
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Route Section Description

CubBiente Route, Reveille Section

. ' " ;
?;ilu Archeobogical & Road Crossings & Topographic Bridges & Hydrologic |+ Operating
USGS Quadrangle | " ) Sec Twp Rng | Location Description | Land-Use Constralets Historical Sites Coasiderations Considerations Considerstions
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Caliewe Route, Revellle Section
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Caliente Route, Revellle Section

'
g‘;’: Archeological & Road Crossings & Topographic Bridges & Hydrologie Operating
USGS Quadrangie ] "4 | Sec Twp Rng | Location Description | Land-Use Constraints Historical Sites Proximity to Popalation Considerstions Considerati h Consl !
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Caliente Route, Reveille Section

ﬁ'i: Archeclogical & Road Crossings & Topographlc Bridges & Hydrologic Operating
USGS Quadrangle | ", | Sec Twp Rag | Location Description | Land-Use Constraints Historiest Sitea Proximity to Population Considerations Considerstions Considerations
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Caliente Route, Reveille Section

%‘: Archeological & Roed Crossings & Topographic Bridges & Hydrologic Operating
USGS Quadrangle | *' | Sec Twp Rng | Location Description | Land-Use Constraints Historical Sites Proximity to Population Considerstions Considerations * Considerations
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Caliente Route, Reweille Section

USGS Quadrangle
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Caliente Route, Reveille Section

E‘&": . Archeologleal & Road Crossiags & Topographic Bridges & Hydrologic Operating
USGS Quadrangle | 7, | Sec Twp Rng | Location Description | Land-Use Conatraints Historicat Sites Proximity o Population Considerations Considerations | Considerations
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Raoute Sectlon Description

Caliente / Beowawe Route, Goldfield Section
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