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ABSTRACT
!'? dlol y t1c Production of nitrogen
oxides, nitrogen a d d s and ammonia are
discussed In relation to the expected
environment 1ns at r high-level
waste repository
ucted
n»irf

The

site T f * V ° "

^ the Yucca Mountain

site it n 1s found to be suitable. Both
literature data and repository-relevant data
?h fy n J?J l1zed for air-water vapor systems.
The limiting cases of a dry air and a pure
water vapor gas phase are also discussed
Design guidelines and recommendations, based
solely on the potential consequence of
radiation enhancement of corrosion, are given.
I.

INTRODUCTION

The Yucca Mountain Site Characterization
Project (VHP) 1s evaluating the su"a!J " t y of
Yucca Mountain In southwestern Nevada as a
tilt T h ah 1 9 h " 1 e v e 1 nuclear waste repository. The emplacement of a nuclear waste
container
ed1 1n
t such a repository would subject
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nnt. !? ^he controlled release period the
radio™,* «H f e ? 1 Of 1on1zins " d i « 1 o n on
radionuclide migration is the most Important
concern. The yields and nature of I T
9 e r a t e d dur1ng the
DIHJIS , hJ
"""turated
period night also Impact radionuclide release
by altering the composition of the groundi^nl't!
"anticipated condition of site

Herein we have focused on literature data
and experimental data that relate to the first
two rad,olyt1c concerns identified for the
containment period. With respect to the
format on of N0 x , literature values for
Initial processes were evaluated and compared
to the results of the long-term gamma
experiments that we performed 1n the 25 to
200 C temperature range. More detailed work
on the potential formation of ammonia 1n
oxygen-containing systems was performed.
Design factors that affect the overall yield
of these products are considered.

1 7? ? ? environment of the container to

significant levels of gamma radiation based on
t"e '""•ent design. The Interaction of gamma
radiation with the near-environment of the
waste
package Is an Important factor In
11%S\ ?? tS ° ? e r a 1 1 P"fonnancel because the
radioiytic species generated can be detrimental to waste package performance.
Ionizing radiation would potentially
anrtrLf 1 " 0 ??^' 3 dur1"3 both the containment
and controlled release periods of repository
history. For the containment period, the
following data are needed: (1) the yield of
nitrogen oxides and acids In moist air
systems. (3) the yield of organic acids in
COj-containing systems, and (4) the
interaction of these products with the various
components of the waste package. We have
already shown that the radiolytic products
? h 2 e l a i e d ^ n i 5 a v e ^POttant Implications for
the selection of the container material.2.3

II. WASTE PACKAGE ENVIRONMENT
The expected environment at the proposed
Yucca Mountain site during the initial phase
of repository history would be a gas phase
that consists primarily of air, carbon
d
n dwater va r Tn1s

ul°?i !' ?

P° -

9 W Phase

would be In contact with the atmosphere with a
total pressure of approximately 660 torr
corresponding to atmospheric pressure at the
elevation of the proposed repository
Emplacement of high-level nuclear waste
containers would perturb the preemplacement
environment by heating H to temperatures In

excess of 200'C (ambient Is 87«cJ £ 5

subjecting the gas phase present to
significant levels of Ionizing radiation.
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The expected temperatures 1n the waste
package will depend on several design considerations that have not yet been completely
resolved. Initial results on the waste
package scale were reported by O'Neal et al.1*
and showed that waste package temperatures
would exceed 100*C for the duration of the
300-1000 y containment period. More recently,
the variability of borehole temperatures was
calculated by Johnson and Montan-> to be higher
than previously thought. When waste emplacement scenarios and variability 1n the thermal
loading of the waste was taken Into account,
maximum temperatures 1n the waste packages
ranged between 60 and 220*C. The temperature
range we have adopted for experimental
purposes, when all factors are considered, 1s
27 to 250*C.
The composition of the preemDlacement gas
phase has been well characterized6 as water
vapor-saturated air with up to 0.13 mole*
carbon dioxide. Within the total pressure
constraint, the emplacement of high-level
nuclear waste would affect the gas phase
primarily by evaporating water. The range of
conditions that are deemed anticipated in the
waste package environment are: pure water
vapor, dry air and humid air (between the two
extremes). The relative humidity, defined as
the ratio of water vapor pressure to the
equilibrium vapor pressure of water at that
temperature, would be set by the availability
of water and the temperature of the waste
package. Based on the temperature
calculations just discussed, this would range
between 3.9 and 35X (see Figure 1) for central
panels. At the edge of the repository, some
package temperatures may never exceed 96*C
meaning that near-lOOX relative humidity could
exist throughout repository history.

The radiation levels at the container
surface may be as high as 0.1 Mrad/h but will
decrease rapidly, with respect to repositoryrelevant times, with an effective half-life of
approximately 30 y. The total absorbed dose
at the surface of the container will depend on
the initial gamma flux present, which is a
function of the design of the waste package,
the radionuclide content of the waste form
(glass loading or burnup of the spent fuel)
and the age of the waste form. To a first
approximation, this 1s proportional
to the
initial dose rate and 1s 5 x 10 1 0 rad 1n the
first 300 y for an initial dose rate of
0.1 Mrad/h.
III. RADIOLYTIC YIELDS IN AIR-WATER VAPOR
SYSTEMS
The expected environment for most of the
containment period is an a1r-water vapor
mixture that would exist at temperatures that
range between 27 and 250*C at a total pressure
of 660 torr. The key radiolytic products 1n
this environment are: (1) nitrogen fixation
products: nitrogen acids, nitrogen oxides and
ammonia; (2) hydrogenous species: atomic and
molecular hydrogen; and (3) oxygen-containing
oxidizing species: oxy-rad1cals, ozone, and
hydrogen peroxide. The expected yield of
these species and results of the long-term
yield studies conducted in support of the YMP
are summarized in this section.
A.

Primary Yields of Bulk Components

The bulk components of the ambient
environment are nitrogen, oxygen, argon,
carbon dioxide, and water vapor. Argon,
although 1t can affect homogeneous gas phase
reactions by energy transfer, Is stable to
radiolytic decomposition. Carbon dioxide 1s
slowly decomposed to oxygen and carbon
monoxide and would undergo condensation
reactions to generate higher molecular weight
organic compounds. We have not directly
Investigated U s contribution to the overall
radiation chemistry and U s consideration 1s
beyond the scope of this paper.
The following self-consistent
listing of the primary yields in the remaining
gases (units of molec/100 eV) was proposed:7

50 100 150 200 250 3 0 0 350
TIME AFTER E M P L A C E M E N T (Y)
Figure 1. Maximum Relative Humidity Predicted
for the Central Boreholes 1n
Panel 14 (o) and Panel G (t).

4.43 N 2 - " Y * 0 . 2 9 N 2 + 0.885 N ( Q )+
+ 0.295 N (ZP) + 1.87
N(*S) + 2.27 N 2
+
+ 0.69 N + 2.96 e-

(1)

5.377 0 2 ~ W * 0 . 0 7 7 0 2 * + 2,25 O('D)
+ 2.8 (3p) + 0.18 0
+2.07 0 2 + + 1.23 0 + + 3.3 e"

(2)
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process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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7.33 H 2 0 - W * 0 . 5 1 H 2 + 0.46 0 (
+ 4.25 (OHl + 4.15 H
+ 1.99 H 2 0 + ^ 0.57 0H +
+ 0.67 H + + 0.06 0+ + 3.3 e"

(3)

These are relatively Insensitive to
changes In the temperature. Actual yields of
molecular products observed when air-water
vapor systems are subjected to gamma radiation
will, however, depend on the seccdary
reactions of these products with each other
and subsequent molecular products that are
formed In the Irradiated system. This, as 1s
discussed 1n the next few sections, will
depend on dose rate, the surfaces present, and
temperature.

B.

Radiolytic Yield of Nitrogen Oxides
and A d d s 1n Air-Water Vapor Systems

The general radiation chemistry of
moist air systems, with respect to the
formation of nitrogen oxides, was previously
reviewed.8 The key step in the formation of
nitrogen oxides is the radiation-Induced
breakdown of molecular nitrogen to atomic
nitrogen. In dry air and low humidity
systems, this then leads primarily to the
direct formation of nitrogen dioxide and
nitrous oxide along with trace concentrations
of other oxides. Of the nitrogen oxides
generated, nitrogen dioxide is the most
important with respect to evaluating waste
package performance. In dry air It directly
oxidizes the metal and 1n humid air it Is
converted to nitric a d d . This, depending on
the relative humidity of the Irradiated
system, can be adsorbed onto the surface of
the components of the waste package leading to
detrimental effects.

reactions are high with a negative temperature
dependence and also Increase with increasing
system pressure. These dependencies are
consistent with the exothermidty of the
reaction.
The reaction of the hydroxy
radical with nitrogen oxides to form nitrogen
acids 1s thermodynamically favorable over the
temperature range of interest to the YMP.
Once furmed, however, the a d d s are not
thermodynamically stable with respect to the
bulk components of the air-water vapor mixture
at elevated temperatures (above 120'C) and
will undergo thermal decomposition. The
kinetics of this process and the competitive
process of nitrogen a d d solvation 1n water
films present have not been well characterized. The overall fate of the nitrogen
a d d s at elevated .temperatures is therefore
not well understood.
In the irradiated air-water
vapor system, the nitrogen oxides generated
are rapidly converted to nitrogen a d d s by the
OH radical generated from water vapor
[G(0H) = 4.25 to as high as
8.2 molec/100 eV].» Nitric acid 1s the
predominant product since nitrogen dioxide 1s
more stable 1n the Irradiated system and
persists at a higher concentration 1n the gas
phase than nitric oxide. In Iow-humid1ty
systems, the yield of nitric a d d is equal to
the yield of nitrogen dioxide in the analogous
dry air system (same nitrogen/oxygen ratio).
The yield of nitrogen dioxide 1n the gas

phase, based on our work, 1s shown as a
function of absorbed dose In Figure 2 for dry
and and low-humidity air at 120'C.

1. Nitrogen Acids
Nitrogen acids are generated In
moist air systems by oxidation of nitrogen
dioxide and nitric oxide according to the
following reactions:
OH + NO — > HONO
OH + NO2

> HONO2

(4)
(5)

These reactions have been Investigated 1n the
temperature range of Intersst to the VHP. The
rate constants and kinetics of these reactions
have been extensively investigated 1n relation
to atmospheric
chemistry (add rain production). 9 '* 0 The rate constants for both these

50

Figure 2.

100 150 200 250
ABSORBED DOSE (Mrad)

Yield of N 0 2 In Dry and LowHumidity A1r at 120*C.

:
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In high humidity systems, e.g.,
water vapor to air ratios greater than 0.1,
the yield of nitrogen dioxide has not been
well characterized. A nitrate yield of 1.9
was reported by LI nacre and Marsh 12 for high
LET radiation (mixed gamma-neutron), and a
yield of 2.5 was reported by Jones' 3 for high
dose rate beta radiation. We have typically
seen lower yields (0.5 to 1.5 molec/100 eV) 1n
the longer-term and lower dose rate gamma
studies. These appear to depend on the water
vapor to air ratio of the systam. The Initial
results we have obtained at 28 and 90'C are
shown in Figure 3. For the purpose of
modeling, yields 1n the range of 0.5 to
2.5 molec/100 eV need to be considered.
2. Nitrogen Oxides
Nitrous oxide, nitric oxide,
nitrogen dioxide (and U s dimer nitrogen
tetroxide), and nitrogen pentoxide have been
Identified 1n the gas phase radiation and
photochemistry of nitrogen-oxygen mixtures.
For the temperatures and pressures relevant to
the YMP, only nitrous oxide, nitric oxide, and
nitrogen dioxide are Important to consider.
Under these conditions, nitric oxide is
rapidly converted to nitrogen dioxide and does
not Increase in concentration with absorbed
dose. The presence of water will al»o keep
Its concentration low due to reaction (4) in
h1gh-hum1d1ty systems. Nitrogen dioxide, when
formed, 1s rapidly converted to nitric acid as
discussed In the previous section.
Nitrous oxide, however,
Increases In concentration with absorbed dose
and appears to be relatively stable towards
reaction with metals and secondary products
that build up In the gas phase. The yield,
contrary to previous reports in the

literature, is significantly affected by the
presence of water vapor in the system.
Typical yields we have obtained in low
humidity systems, at 28, 90, and 150*C, are
shown In Figure 4. Here a low-yield
"induction" period 1s initially present that
depends on the temperature. At the point
where water was depleted in the system and at
temperatures of 120*C or above, the yield was
the same as observed In dry air systems. This
1s made evident by the up-turn 1n the 28 and
90'C data shown.
To further establish the lowhumidity results, we Investigated the yield of
nitrous oxide 1n hlgh-huraidity systems at
90'C. Here, the build-up of nitrous oxide was
linear with absorbed dose at a fixed relative
humidity. A change from dry air to 100% water
vapor saturation (0 to 525 torr of water
vapor) decreased the nitrous oxide yield, in
glass vessels, from 0.6 molec/100 eV to
0.03 molec/100 eV. Further work 1s planned at
several temperatures to establish the yield
over the entire range of temperatures relevant
to the YMP.
C.

Radiolytic Yield of Ammonia in
Air-Water Vapor Systems

The potential formation of ammonia
In O2-N2-H2O vapor systems has also been
Investigated. This is an important consideration In evaluating material performance of
some materials, such as some copper-based
alloys, that are susceptible to ammonia
cracking. Data pertaining to this system
reported in the literature appear to be
conflicting.

SO
JO

30
50
70
% RELATIVE HUMIDITY

Figure 3. Yield of Nitrate, in roolec/100 eV,
as a Function of Relative Humidity.

100 150 200 250 300 350
ABSORBED DOSE (Mratf)

Figure 4. Yield of Nitrous Oxide 1n LowHumidity A1r as a Function of
Temperature and Absorbed Dose.
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Irradiation of an N2-H2O vapor
system containing a small amount of oxygen
(0.1 moleX) resulted In the formation of
ammonia and nitrous oxide as the predominant
fixation products. The relationship between
ammonia formation, nitrous oxide formation,
and the depletion of oxygen 1s shown In
Figure 5. The disappearance of oxygen Is
first order with respect to U s concentration
and cannot be accounted for solely by the
buildup of nitrous oxide. Nitrous oxide
formatton Is not well correlated with the
concentration of oxygen 1n the system.
Indicating that the water vapor present (which
accounts for most of the oxygen present 1n thft
system) was Involved in the oxidation process.
In this system, ammonia formation at
G(NH 3 ) = 0.03 molecule/100 eV occurred, ever
though oxygen was present.

0.12

-1

1

r

Small amounts of ammonia have also
been observed 1n long-term Irradiation of airwater vapor mixtures. This confirms that,
although overall yields are low, the presence
of oxygen does not entirely preclude the
formation of some ammonia. Actual yields
obtained will depend on the water vapor to
oxygen ratio and the relative humidity of the
Irradiated system. This is currently being
evaluated in more detail.
0.

Radiolytic Formation of Atomic and
Molecular Hydrogen in Air-Water
Vapor Mixtures

The buildup of hydrogen 1n the gas
phase Is an important consideration because of
the susceptibility of some materials to
hydrogen embrittlement. Radiolytically,
hydrogen Is generated as a result of the
decomposition of water (see Eq. 1). Th? rate
of buildup will, therefore, depend on the mole
fraction of water vapor In the gas phase.
The primary yields of molecular and
atomic hydrogen from water vapor are 0.45 to
0.51 and 4.2 to 7.2 molec/100 eV, respectively. In afr-containing systems, atomic
hydrogen 1s rapidly converted to the
hydroperoxy radical (H02 1 ). This will
substantially lowe- the effective
concentration of jtomic hydrogen at the
container material surface and lower the
overall yield of hydrogen In the system. The
best approximation for the overall yield of
hydrogen from water vapor Is U s primary yield
of 0.51 molec/100 eV. Experimentally, we have
always observed small amounts of hydrogen In
Irradiated air-water vapor systems but there
has not been a systematic buildup of hydrogen
concentration with absorbed dose. This
Indicates that the behavior of hydrogen, 1f Jt
does not migrate away from the Irradiation
zone, is to build up to a small concentration
(generally <1 moleJ) that Is fixed by the
radiation chemistry of the gas phase.

E.
0

Figure 5.

5

10 15 20 25 30 35
ABSORBED DOSE (Mrad)

Concentration of Oxygen, Nitrous
Oxide and Ammonia Following
Irradiation of Water Vapor
Saturated 0.1X O2 In N2 Mixture
at 28 • 2*C.

Radiolytic Formation of Ozone,
Hydrogen Peroxide, and 0xy-Rad1cals
In Air-Water Vapor Mixtures

40
Oxy and hydroxy radiolytic products
contribute to the overall corrosion rates
observed. Oione Is generated by reaction of
atomic oxygen with molecular oxygen and builds
up to a small steady-state concentration when
pure oxygen is Irradiated. Its contribution,
based on the low overall yields and low
reactivity with metals 1n irradiated systems,
relative to n'her radiolytic products. Is
expected to be minor.
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Hydrogen peroxide Is generated as a
molecular product In Irradiated systems
containing water vapor as a the result of
secondary reactions of the oxy-radicals OH and
HO2. Yields here are also low and the
concentration does not build up with absorbed
dose. The yield of OH from water vapor was
4.25 to 8.2 molec/100 eV, which Is relatively
high. There Is direct evidence that this
along with other transients, will contribute
to the overall corrosion observed by direct
Interaction with the container material
surface. The predominant effect, however. Is
Its contribution to the nitrogen fixation
process and production of nitrogen acids,
which was previously discussed.

Three oxidants are generated 1n this
environment. These are the hydroxy radical
[G(OH) = 8.2 molec/100 eV], and low concentrations of hydrogen peroxide and oxygen. At
container temperatures below the boiling point
of water, the oxidants are concentrated in the
water film on the surface of the metal which
has led to greatly accelerated uniform corrosion rates with product formation typical of
what is observed 1n aqueous systems. As the
temperature Is raised with a fixed amount of
water vapor, the relative humidity is rapidly
decreased leading to more direct interaction
between the oxidants and the metal. Corrosion
rates are also expected to decrease as the
relative humidity 1s decreased.

IV. RADIOLYTIC YIELDS IN THE PURE WATER
VAPOR AND DRY AIR LIMITING CASES
Two anticipated but less likely environments under consideration by the YHP are the
pure water vapor and the dry air gas phases.
These are special cases of the moist air
environment just discussed. Radiolytic yields
1n these two limiting cases are discussed 1n
this section.
A.

Radiolytic Yields In Water Vapor

The gas phase chemistry of water
vapor has been Investigated extensively, and
the primary yields are well established (see
Eq. 1 ) . This gas phase may exist for several
years 1n the Initial stages of repository
history as the water content of the host rock
Is heated and boiled, creating a water-vapor
"bubble". Although no oxygen 1s present,
corrosion will occur 1n Irradiated systems due
to the radiolytic production of oxidants.
The most Important difference
relative to the air-water vapor system Just
discussed 1s that, since no nitrogen Is
present, nitrogen fixation will not occur.
Uniform corrosion, due to the oxidizing
species generated, will be the predominant
form of corrosion 1n this environment. An
oxide tarnish was observed In our experiments
when 70/30 copper-nickel was placed In an
Irradiated pure water vapor system.
The most Important molecular product
1n the gas phase Irradiation of water vapor Is
hydrogen. The non-scavengeable yield of
hydrogen (primary yield) 1s G(H2) =
0.51 molec/100 eV with long term yields given
as G(H 2 ) - 8.0 • 1 molec/100 e V . " This,
combined with the high primary yield of atomic
hydrogen [G(H) * 4.1 to 7.2 molec/100 eV],
suggests that hydrogen embrittlement may be
the roost Important radiation-Induced technical
concern In this environment.

8.

Radtolytic Yields in Dry A1r

In dry air, the most Important
radiolytic products are nitrous oxide,
nitrogen dioxide and ozone. Ammonia and
nitrogen a d d s are not generated, because no
hydrogen source exists. Nitrous oxide (see
Table 1) and nitrogen dioxide production 1s
linear with absorbed dose and varies slightly
with temperature. Radiolytic enhancement of
corrosion, 1n this environment, 1s relatively
small and has been characterized both 1n the
literature and In our work. In dry air
systems at temperatures below 100'C, the oxide
film generated Is the result of Interaction
between the metal surface and the nitrogen
oxides generated rather than radiolytic
products of oxygen (ozone). At higher
temperature, thermal oxidation overwhelms the
radiolytic contribution to corrosion.

Table 1. Yield of Nitrous Oxide as a
Function of Irradiation
Conditions
Nitrous Oxide 'field
(Molecules/100 eV)
Temperature,

•c
28
90
120
150
200
a

Dry A1r
0.83
0.81
C.57
0.69
0.74

*
*
•
*
*

0.08
0.08
0.05
0.07
0.07

Hoist Air'
0.06 <.
0.B7 .»
0.62 <>
0.54 <•
0.50 i.

0.02b
0.05°
0.06

0.05
0.05

A1r saturated with water vapor at room
temperature.
''The buildup of nitrous oxide was non-11 near.
The 28*C yield value was the initial yield
(low dose), the yield at 90'C corresponded
to the linear formation of nitrous oxide
observed after a 50 Mrad "Induction" period.
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V.

RADIOLYTIC WASTE PACKAGE DESIGN ISSUES

The last aspect we have considered Is the
relationship between the radiation chemistry
of the moist air system and waste package
design. Unlike many technical concerns being
considered by the VHP, those related to
radlolysis can be substantially controlled
through modifications 1n the design of both
the repository and waste package. The most
Important aspects of the design are: (1) self
shielding to reduce the gamma flux, (2) the
free volume present 1n the near-waste package
environment, and (3) the overall repository
temperature, which depends on the spacing and
heat-loading of the high-level waste packages.
B.

Self Shielding

Self shielding Is primarily
accomplished by Increasing the thickness of
the container wall but could also include
other design modifications such as placing
filler material in the container. The Idea of
lowering the gamma dose ratt by increasing the
container thickness is not a new one. In the
waste package designed by the Swedish HLW
program that was approved for licensing, a
20 cm thick container was proposed to
attenuate the gamma flux and remove radlolysis
as an Issue. In the Basalt Waste Isolation
Project, which was concerned with the HLW site
formerly considered at Hanford, a thickness of
8.5 cm was proposed that was also defined by
the need to attenuate the gamma radiation flux
outside the container.
The container thickness proposed by
the YMP in the past is 1 to 3 cm with 1 cm as
the thickness that Is most referenced. This
corresponds to an Initial dose rate that Is as
high as 0.1 Mrad/h corresponding to absorbed
doses of 50,000 Mraci during the first 300 y of
repository history. These radiation levels
have been shown to have a significantly
detrimental effect on the corrosion of copper
based materials and nay also lead to enhanced
corrosion of stainless steels. Attenuation of
this dose should be a design consideration In
the development of future design concepts even
If radiation-tolerant materials are selected.
Although cost is not considered an
Important factor In preliminary design considerations, It becomes Increasingly Important
in the latter stages of design. An excessively thick container, therefore, will have a
substantial Impact on overall costs and may
Introduce complications related to weldabMity
of the material. In this context, a design
guideline that recognizes the relationship
between the radiation chemistry of the
expected environment and the most likely
degradation mode for the container material

needs to be developed. This does not exist
for the YMP and past efforts in this area in
other U.S. HLW projects have been inadequate.

B.

Free Volume Outside the Waste
Container

In the unsaturated system, the
radiolytic products are generated in the free
volume or air gap between the container and
the host rock In the reference borehole waste
package design. Minimization of the volume of
this air gap would proportionally decrease the
yield of radiolytic products and reduce the
potential for radiolysis to affect container
material degradation.
Although the waste package design 1s
not yet firm, in our estimation the gap
between the borehole wall and the emplaced
container would probably not exceed 10 cm.
This corresponds to a free volume of
approximately 1200 Liters for each spent fuel
waste package. Minimization of this volume,
to a substantial extent, could greatly reduce
the detrimental effects of radlolysis.
C.

Overall Repository Temperature

The temperature 1n the waste package
depends In part on the thermal loading of each
container and the arrangement of the
containers in the repository. The Nuclear
Waste Technical Review Board (NHTRB), In its
first report to Congress, has proposed that
consideration be given to lowering the overall
temperatures in the proposed repository. This
was based on repository performance
considerations.
From the perspective of corrosion In
an Irradiated air-water vapor system, higher
rather than lower temperatures are preferred.
This will lower the relative humidity at the
surface of the container and therefore reduce
the likelihood of localized effects since the
radiolytic products generated will not
condense on the container surface. In this
context, keeping the relative humidity below
15-40* will keep the corrosion In the low
relative-humidity regime which will benefit
the overall durability of the container.
VI. CONCLUSIONS AND RECOMMENDATIONS
The key radiolytic yields in the range of
conditions expected in the proposed YMP site
were Identified. The potential effects of
nitrogen acid and ammonia formation need to be
considered for the expected environment.
Hydrogen and atomic hydrogen are the most
Important radiolytic products In the water
vapor system.
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The final waste package and repository
design will be determined based on a weighted
consideration of many factors. From the sole
perspective of corrosion In Irradiated airwater vapor systems, the Important design
factors are:
1. The material selected should be
compatible with the Irradiated airwater vapor mixture, which Is the
expected environment at the waste
package.
2.

Consideration should be given to
minimizing the effective absorbed
dose 1n th'; gas phase by considering
thicker containers and reduced free
volume surrounding the container.
This should be done systematically by
the development of a technically
based de.'.1gn guideline.

3. Maximizing the temperatures in the
waste package will lower the
likelihood of significant radiolytic
effects on container corrosion.
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