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CONSULTATION DRAFT

8.3.5.10 Issue resolution strategy for Issue 1.5: Will the waste package
and repository engineered barrier systems meet the performance
objective for radionuclide release rates as required by 10 CFR
60.113?

Regulatory basis for the issue

The NRC regulations set a performance objective for control of the
release rate of radionuclides from the engineered barrier system for the time
period following the end of the containment period. The draft amendments to
10 CFR Part 60, intended to incorporate the requirements of 40 CFR Part 191,
state that the release rate control period will end at 10,000 yr after
closure.

The portion of 10 CFR Part 60 that sets the performance objective for
control of radionuclide release rate is Section 60.113(a)(1)(ii), and it
states,* in part, the following:

the engineered barrier system shall be designed, assuming anticipated
processes and events, so that.-..(B) The release rate of any radionuclide
from the engineered barrier system following the containment period
shall not exceed one part in 100,000 per year of the inventory of that
radionuclide calculated to be present at 1,000 years following permanent
closure, or such other fraction of the inventory as may be approved or
specified by the Commission; provided that this requirement does not
apply to any radionuclide which is released at a rate less than 0.1
percent of the calculated total release rate limit. The calculated
total release rate limit shall be taken to be one part in 100,000 per
year of the inventory of radioactive waste, originally emplaced in the
underground facility, that remains after 1,000 years of radioactive
decay.-

This issue is specifically restricted to showing that the engineered
barrier system is designed in conformance with the statement quoted in the
preceding paragraph; however, there are other needs for release rate infor-
mation to support resolution of other issues. To simplify the presentation
of the plans and to minimize redundancy in the discussion, the information
needs under this issue will include plans to gather data to support resolu-
tion-of the following issues:

1. Issue 1.1: This issue requires source term data for use in the
system analysis calculations. Data on the release rate of'radio-
nuclides.from the engineered barrier system for a period of
L10,000 yr under anticipated processes and events to support these
calculations will be provided. -Data on release rates of radio-
nuclides under lower probability scenarios (unanticipated processes
and events) for 10,000 yr will also be provided. Plans for collec-
tion of the data will be given in Information Needs 1.5.4 and 1.5.5
(Sections 8.3.5.10.4 and 8.3.5.10.5).

2. Issue 1.4: This issue requires information on the rate of cladding
failure and radionuclide release rate data from failed containers
during the 1,000-yr containment period--plans for collection of the
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data will be given in Information Needs 1.5.1 through 1.5.4
(Section 8.3.5.10.1 through 8.3.5.10.4).

3. Issue 1.9: This issue deals with the higher level findings required
under 10 CFR Part 960. In particular, 10 CFR 960.3-1-5 requires
calculation of the cumulative releases to the accessible environment'
during 100,000 yr. The data gathered in Issue 1.5 will be used to
support resolution of Issue 1.9.

These issues are addressed in Sections 8.3.5.13 (Issue 1.1), 8.3.5.9
(Issue 1.4), and 8.3.5.18 (Issue 1.9).

Approach to resolving the issue

The overall waste package compliance strategy was shown in Figure
8.3.4-1 with further details in Section 8.3.4. The essence of the waste
package strategy lies in an iterative process of performance allocation,-
performance assessment, and testing to determine if the goals are met. If
not, changes are made in design, materials, models, etc., and the process is
repeated until the design objectives are met with reasonable assurance.
Within this overall waste package compliance strategy, the strategy for
resolution of Issue 1.5 is based on present knowledge of the repository
emplacement environment, the data gathered on waste form performance in
environments that can be related to the projected repository environment, and
the use of models to assess the performance of various system elements.

Figure 8.3.5.10-1 shows the hierarchy of models. The highlighted por-
tion is used in the resolution of Issue 1.5 and to provide input to
Issues 1.1, 1.4, and 1.9. The lower levels of detailed models support the
higher levels of-aggregated models. The system model and the flow and trans-
port model are used to assess the net performance with respect to regulatory
issues. The experimental studies and activities (not shown in the figure)
support the detailed models by explaining mechanisms and processes, guiding
model development, examining processes to make sure that no important
phenomena are being overlooked, providing data for models, and validating
models.

Principal input parameters for the highlighted models are presented in
Table 8.3.5.10-1. Other models that support the resolution of Issue 1.5 are
found in Sections 8.3.4.2 and 8.3.5.9.

The data presented in Section 7.4.3 indicate that it is very likely that
the performance objective for control of release rate from the engineered
barrier system can be met by the waste form in an unprotected condition,
provided that the analysis is done using the conditions of the expected case.
For lower probability conditions (bounding case), it may be necessary to
include other system elements in the analysis. Some of the components and
processes available for allocation of performance, if needed, are identified
in topic B of this section. k

Figures 8.3.5.10-2 and 8.3.5.10-3 show the overall outline for the
reference and alternative approaches to be used in the resolution of this
issue. The reference approach includes branches for both the expected case, \)
in which the amount of water contacting the container is negligible, and a

8.3.5.10-2
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Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 1 of 7)

Needed
Model input confidenceModel SCP section

Scenarios Parameters for nominal case and for potentially
significant disturbed scenarios

Parameters for modeling changes in geologic,
hydrologic, and geomechanical conditions

Parameters for modeling changes in geo-...
hydrologic geochemical conditions

Characteristics of shaft and borehole seals

Characteristics of repository and engineered
barriers

Characteristics of waste package designs

Waste package container failure modes and times

High

Medium to
high

Medium to
high

Medium to
high

Medium to
high
High

High

8.3.5.13

8.3.1.4, 8.3.1.5,
8.3.1.6, 8.3.1.7,
8.3.1.8

8.3.1.2, 8.3.1.3 .

8.3.3.2

8.3.2.2

8.3.4.2.2,
8.3.4.2.3,
8.3.4.2.4

8.3.5. 9.4

00

0

a

Waste package
performance
assessment

Scenarios
Waste package geometry model
Radiation attenuation model
Heat transfer model
Mechanical stress model.
Waste package environment (water movement and

chemistry) model
Container corrosion and degradation model
Waste form-release model

High
High
Medium
High
High
High

High
H)gl

8.3.5.10.3.1
8.3.5.10.3.5
8.3.5.10.3.5
8.3.5.10.3.5
8.3.5.10.3.5
8.3.4.2.4

8.3.5.9.3
8.3.5.10.3.5,

8.3.5.10.3.2,
8.3.5.10.3.3

c ( C
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Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier
(page 2 of 7)

system release rates

Needed
Model Model input confidence SOP section

Waste form release RQ3/6 modd1 for glass and 'spent fuel
Gas release model,
Container failure rate
Container configurations after failure '
Temperature from heat transfer model
Water flow quantity
Mechanism of water contact with waste package

I-A
0
Cn

Water quality

EQ3/6 waste model

S e .e r
Spent fuel release

Waste form degradation'models
Spent-fuel
Hardware and cladding
*Glass

Temperature
Water flux contacting waste
Water chemistry contacting waste
Thermodynamic data for solids, gases, and

aqueois species resulting from waste release
Waste degradation scenarios

Water flux contacting waste
Near-field 'flux
Water entering container
Water contact scenario

Water chemistry contacting waste
Initial chemistry

.High'
Nighi
IHigh'
High
High
ifigh
Nigh,

High

High
High'i
High
nigh
High
High
High

High

High
Nigh
High

High

8.3.5.10.3.5
8.3.5.10.3.3
8.3.5.9.4
8.3.5.9.4
8.3.5.10.3.5
8.3.4.2.4 .2
8.3.5.9.4,

8.3.4.2.4.2
8.3.4.2.4.1

8.3.5.10.3
8.3.5.10.3.3
8.3.5. ro.3.3
8.3.5.10.3.4
8.3.5.10.3.1
8.3.4.2;4. 1
8.3.4.2.4.1
8.3.5.10.3.2.1

8.3.5.10.3.1

8.3.4.2.4.1
8.3.4.2.4.1
8.3.5.10.3.5.3
8. 3.5.10.3.1
8.3.4.2.4.1
8.3.4.2.4.1.3

a-



Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 3 of 7)

Needed
Model Model input confidence SCP section

Spent fuel release
(continued)

Class release

Radiation-induced changes
Repository material-induced changes
Temperature-induced changes
Corros ion-induced changes

Temperature.
Fuel composition
Fission gas release
Oxidation state
Cladding condition
Fuel degradation rate constants

Fuel dissolution rates
Effect of

Burnup
Oxidation state
Reactor type
Grain size. -
Radiation field

Radionuclide content,(at time of water contact)
Container material
Other waste-characteristics
Other repository characteristics

Water flux contacting waste
Near field flux
Water entering container
Water contact scenario

Medium
High
High
High
High
High
High
High
Medium
High
High

High
High
Medium
High
Medium
High
Medium
Medium
Medium

High
High
Medium

8.3.4.2.4.1.5
8.3.4.2.4.1,2
8.3.4.2.4.1.1
8.3.4.2.4.1.6
8.3.5.10.3.1
8.3.5.10.1.1.1
8.3.5.10.1.1..1
8.3.5.10.2.1).2
8.3.5.10.2.1.3
8.3.5.10.2.1
8.3.5.10.2.1.1

8.3.5.10.2.1.1
8.3.5.10.2.1.1
8.3.5.10.2.1.1
8.3.5.10.2.1.1
8.3.5.10.2.1.1
8.3.5.10.1.1.1
8.3.5.10.1.1.1
8.3.5.10.1,1.1
8.3.5.10.1.1:3

8.3.4.2.4.1
8.3.4.2.4.1
8.3.5.10.3.5.3
8.3.5.10.3.1

2
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Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 4 of 7)

'Needed
Model Model input confidence SeP section

Class release
(continued)

0i

0

Water chemistry contacting waste
Initial chemistry
Radiation-induced changes
Repository material-induced changes
Temperature-indutced changes
Corrosion-induced' changes

Temperature
Class composition
Glass degradation rate constants

Glass dissolution rates
Effect of interactions on rates

Radionuclide content (at time of water contact)
Ratio of glass surface area to water volume
Container material
Pour canister material
Glassihandling history
Conformation with waste acceptance specifications
Other' waste characteristics
Other repository characteristics

Water flux contacting waste
Near field flux
Water.entering container
Water contact scenario

Water chemistry contacting waste
Initial chemistry
Radiation-induced changes'

High
Medium
High
High
Medium
High
High
High
High
High
High
High
Medi tim
Nigh
High
High
Medium
Medium

High
High,
High

High
Medium

8.3.4.2.4.1
8.3.4.2.4.1.3
8.3.4.2.4. 1.5
8.3.4.2.4.1.2
8.3.4.2.4.1.1
8.3.4.2.4.1.6
8.3.5. 10.3.1
8.3.5.10.1.1.2
8.3.5.10.2.2
8.3.5.10.2.2.1
8.3.5.10.2.2.2
8.3.5.10.1.1.2
8.3.5.10.3.1
8.3.5.10.1.1.2
8.3.5. 10. 1.1.2
8.3.5.10.1.1.2
8.3.5.10.1.1.2
8.3.5.10.1.1.2
8.3.5.10.1.1.3

.8.3.4.2.4.1
8.3.4.2.4.1
8.3.5.10.3.5.3
8.3.5.10.3.1
8.3.4.2.4.1
8.3.4.2.4.1.3
8.3.4.2.4.1.5

B

Hardware and
cladding release.



Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier
(page 5 of 7)

system release rates

4~~~~~~~~~~~~~~~~~~~~~~~~~~~

. . Needed
Model Model input confidence SCP section

, .

Hardware and
cladding release
(continued)

Repository material-induced changes
Temperature-induced changes
Corrosion-induced changes

Temperature
Hardware and cladding composition
Degradation rate constants

High
High
Medium
High
High
High

0

Humidity

Metal compatibilities

Medium

High

Medium

8..3.4.2.4.1.2
8.3.4.2.4.1.1
8.3.4.2.4.1.6
8.3.5.10.3.1
8.3.5.10.1.1.1
8.3.5.10.2.1.3,

8.3.5.10.2.1.4
8.3.5.10.2.1.3,

8.3.5.10.2.1.4
8.3.5.10.2.1.3,

8.3.5.10.2.1.4
8.3.5.10.2.1.3,

8.3.5.10.2.1.4
8.3.5.10.2.1.3,

*8.3.5.10.2.1.4
8.3.5. 10.2.1.3
8.3.5.10.2.1.3
8.3.5.10.1.1.1
8.3.5.10.1.1.1
8.3.5.10.1.1.1
8.3.5.10.1.1.3

0a

Radiation field

Irradiation history High

Oxide thickness on cladding ;
Hydride content of cladding
Radionuclide content (at time of water content)
Container material
Other waste characteristics -
Other repository characteristics

High
Medium
Sigh
Medium
Medium
Medium

Spent fuel gas
release

Gas release scenario
Temperature
Fuel composition
Cladding composition
Hardware composition

High
High
High
High
High

8.3.5.10.3.1
8.3.5.10.3.1
8.3.5.10.1.1.1
8.3.5.10.1.1.1
8.3.5.10.1.1.1

C ( C
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Table 8.3.5.10-1. Input to predictive models for

(page 0 of 7)
Issue 1.5, engineered barrier system release rates

Needed
Model Model input ' confidence SOP section

Spent fuel gas
release
(continued)

Fuel oxidation state
'¢ Cladding condition

Humidity

High
Medium
Medium

MediumIRadiation field

Irradiation history High

8.3.5.10.2.1.2
8.3.5.10.2,1.3
8.3.5.10.2,1,3,

8.3.5.10.2,1.4
8.3.5.10.2.1,3,

8.3.5.10.2,1,4
8.3.5.10.2.1,3,
I 8.3.5.10.2,1A4
8.3.5.10.2.1.3
8.3.5.10.1,1,)
8.3.5.10.1.1,1
8.3.5.10.1 ,1, 1
8.3.5.10.1.1,3

0i

0
10

Oxide thickness on cladding
'Radionuclide content
Container material
Other. waste characteristics
Other repositqry characteristics

.. ~ ~ ~ ~ ~ ~~~~~~~~~~~~~ .. .A

Geometry model "
Radiation attenuation model
Heat transfer model
Mechanical stress model

High
High
Medium
Medium
Medium

.4

H

IWaste package geo-
metry and ther-
mal/mechanical
properties

High
''Medium
High
High

8.3.5.10.3.5
8.3.5.10.3.5
8,3.5.10.3.5
8.3,5.10.3.5

Geometry Borehole and Waste package configuration, High
dimensions '

Waste package content
Materials
Mass

I. Elemental composition

nigh
Nigh
Medium

8.3,4,2.2,
8,3.4.2.3

8.3.4,2,2
8.3.4.2,2
8.3.5.10,1.1,
83 .4.2.2



Table 8.3.5.10-1. Input to predictive models for Issue 1.5, engineered barrier system release rates
(page 7 of 7)

Needed
Model Model input. confidence SCP section

Geometry (continued) Isotopic composition
-Important constituents High. 8.3.6.10.1.1
Minor constituents Medium 8.3.5.10.1.1

Radiation Radiation source strength High 8.3.5.10.1.1
attenuation Gamma ray attenuation coefficients of materials Medium 8.3.4.2.2

Dose rate at waste form surface Medium 8.3.5.10.1.1
Dose rate at package surface Medium 8.3.4.2.2
Decay heat generation rates . High 8.3.4.2.2

heat transfer Thermal properties (heat capacity, conductivity) High 8.3.4.2.2
(thermal) of single materials
model Effective thermal properties of composite High 8.3.4.2.2

materials
Surface properties for convective and radiative Medium 8.3.4.2.2

heat transfer
Interaction with host rock heat transfer High 8.3.4.2.4.3
Decay heat generation rate High 8.3.4.2.4.3

Mechanical model Mechanical properties of single materials High 8.3.4.2.2
Mechanical properties of composite materials Medium 8.3.4.2.2
Mechanical loads High 8.3.4.2.2,

8.3.4.2.4.3
Temperature field within package Medium 8.3.4.2.4.3

2
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ISSUE 1.5

WILL THE WASTE PACKAGE AND REPOSITORY ENGINEERED
BARRIER SYSTEMS MEET THE PERFORMANCE OBJECTIVE FOR

10 CFR 60.113?

OBJECTIVE: SHOW THAT FOR TIMES GREATER THAN 1.000
YEARS AFTER CLOSURE. THE RELEASE OF RADIONUCLIDES
FROM THE ENGINEERED BARRIER SYSTEM IEBSI DOES NOT.

EXCEED I PART IN 100.000 OF THE RADIONUCLIOE'S
1.000 YR INVENTORY

:. REFERENCE APPROACH
.1 I . .- EXPECTED CASE BOUNDING CASE

01

0

1.-

LIQUID WATER -
CONTACTING WASTE

PERFORMANCE GOAL; .
0 LITERS PER YEAR

LIQUID WATER
CONTACTING WASTE
__________~-_ __

PERFORMANCE GOAL: *<20 LITERS PER YEAR
PER PACKAGE

GAS RELEASE ONLY NO LIQUID RELEASE
, "

BARE WASTE ALONE
CONSIDERED

PERFORMANCE GOAL:
LESS THAN I PART IN
100.000 RELEASE PER

YEAR
I~~~~

ONLY SIGNIFICANT FOR CONTAINERS
I SURVIVING UNBREACHED FOR 1.000 YR:

RELEASE FROM THOSE CONTAINERS
EXPECTED TO BE SMALL BECAUSE OF LOW

GAMMA FLUX AND LOW TEMPERATURE

PERFORMANCE GOAL: LESS THAN l PART
IN 100.000 RELEASE PER YEAR

I .

LIQUID RELEASEJ

INTEGRATED RELEASE
MECHANISM FOR SPENT

FUEL OR GLASS

PERFORMANCE GOAL:
LESS THAN I PART IN
100.000 RELEASE PER

YEAR

GAS RELEASE|

I SAME AS THE I
EXPECTED CASE I }

83510-2/Vo20 LITERS PER PACKAGE PER YEAR IS
DERIVED FROM BOTH A CONSERVATIVE
50-TIMES-GREATER WATER FLUX THAN
ANTICIPATED. AND 15 CONSISTENT
WITH THE PERFORMANCE REQUIREMENT
PLACED ON REPOSITORY SEALS

Figure 6.3.5.10-2. Reference approach to resolNing Issue 1.5 (engineered barrier system performance).



ISUE LB

WILL THE WASTE PACKAGE AND REPOSITORY ENGINEEREDBARRIR SYSTEMS MEET THE PERFORMANCE OBJECTIVE KORADIONUCLIDE RELEASE RATES AS REQWREO BY
4i CFt 60.113?

OBJECTIVE SHOW THAT FOR TINES GREATER THAN 1. 000YEARS AFTER CLOSURE. THE RELEASE OF RADIWCIOUE iFROM THE ENGINEERED BARRIER SYSTEM GMu. t
EXCEED I PART IN 00.000 OF TE RADONUCLsIEsA .

1.000 YR INVENTORY

01

ia

0
-a1

ALTERNATIVE APPROACHES

Jr bt ;iTAIZEJ
.2

GAS RELEASE LIQUID RELEASE

I4~~~ I -_
ALTERNATIVE i r

VARIATION .ALLOWED
RELEASE OF CARSON-4

FROM EBB UNDER
10 Iso CFR -- 3b

PERFORMANCE WOAL:
NEW PERFORMANCE

GOAL TO BE DETER4INED

AL4ERNATVE 2

RENOVAL OF RAPID RELEASE
FRACTION OF CAPBON-Id

FROM SPENT FUEL

PERFORMANCE GOAL
. LETS THAN I PART IN 100.000

RELEASE PER YEAR

ALTERNATIVE I r
SPENT FUEL IN CADDING

RATE OVER THAT OF BARF
FUEL. DUE TO CLADINGI

PERFORMANCE 60AL
LESS THAN I PART IN 100.000

RELEASE PER YEAR

SPENT FUEL IN CLADDING PLUS
WL1ON OF ROCK IN MS

I ROCK CONTRIBUTION TO
LIMITING RELEASE RATE I

PERFORMANCE GOAL
LESS THAN I PART IN 100.000

RELEASE PER YEAR

ALTERNATIVE 2 1

83510 -31Va

Figure 8.3.5.10-3. Alternotive approaches to resolving Issue 16. (engineered barrier system performance), assuming case of maximum water flux perpackage (20 liters per year).
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bounding case, in which 20 L/yr is allowed to contact each container.
Although for most of the containers no liquid water is expected to be able to
contact the waste, some fraction of the containers could experience up to the
maximum flux of water. The actual ensemble liquid release from all packages
will be calculated taking this into account. The bounding case'for the
reference approach-allows for the possibility that'all containers experience
the maximum water flux, even though this is not expected to occur. The inte-
grated liquid release mechanism referred to in Figure 8.3.5.10-2 is the
combination of release-rate and solubility controls on release for both
exposed spent fuel and glass still contained in breached containers.

Because the repository horizon is in the unsaturated zone, release into
the gas phase must be considered. For the expected case, negligible flux of
liquid water, this may be the dominant release mechanism. Because of its
long half-life, carbon-14 is the only significant radionuclide available for
gas-phase-release during the controlled release period. Because of the lower
gamma fluxes and temperatures in the controlled release period, present data
suggest that the release rate will be sufficiently low to meet-the
requirements of 10 CFR 60.113.

Figure 8.3.5.10-3 outlines the various alternatives to be used if the
reference-approach proves inadequate to resolve the issue. The principal
concerns are for carbon-14 on the exterior of cladding and'assembly
components and the readily soluble radionuclides present in the pellet'
cladding gap and grain boundaries that are available for rapid release.

'Currently, there is considerable uncertainty in the'release rates,'
mechanisms, and locations of carbon-14; because of'this, two alternative'
approaches to carbon-14 control are given in Figure 8.3.5.10-3. These will
be used if the carbot-14 release rates are found to exceed the 10 CFR
60.113(a) limits'. ;'Because of the small number of curies of carbon-14
present, the first alternative would be to request a new allowed release rate
for carbon-14 under the provisions of 10 CFR 60.113(b), provided that it can
be shown that such a-release rate does not compromise the overall system
performance. -The second alternative -would be to remove carbon-14 from the
exterior of the cladding and assembly components by heating (and oxidizing
the carbon to carbon dioxide) before emplacement. The carbon-14 could then
be dealt with separately from the spent fuel or solidified as calcium
carbonate and disposed of in standard containers.

Two alternatives are, shown in the event that liquid release from bare
waste is-not low enough to meet the requirements of 10 CFR 60.113. -The first
is to take into' account other components and processes to limit access of
water to the spent-fuel.

There are limited quantities of three readily soluble radionuclides that
are present in the gap and grain boundary inventory at 1,000 yr after
closure. These isotopes, Tc-99, I-129, and Cs-135, account for about 0.8
percent of the total inventory. Under-the' expected case of the reference
approach (no liquid water), -these nuclides would not be released from the
'engineered 'barrier system because there is no' aqueous medium for dissolution
and transport. Under the bounding itase, in which bare spent fuel is
contacted by as much" as 20 L of liquid water per container per year, high
solubility and availability of. the nuclides will 'result in an annual release

8.3.5-.10-13
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rate that exceeds the performance objective., Therefore,.it wouldbe.
necessary to rely on additional components of the waste package to inhibit
the access.of liquid water.

The existing information is not sufficient to allow selection of the
components and to allocate quantitative performance goals. Several com-
ponents and processes are available to provide additional barriers to the
release of gap and grain boundary radionuclides. These'include

1. The rate of failure of the containers that are intact at the end of
the containment period.

2. The rate of failure of fuel cladding during the entire period
following closure.

3. The fraction of water that contacts and enters failed containers.

4. Dilution of concentration of radionuclides in solution within failed
containers before release..

Tests and analyses to providera basis.for allocating performance to
these potential barriers are.described under Information Needs 1.4.2 through
1.4.4 (Sections 8.3.5.9.2 through 8.3.5.9.4) and 1.5.2 through 1.5.4 in this
section.

The second alternative (which applies to both waste forms) would be to
include a portion of the-host rock as part of the engineered barrier system.
This rock is expected to significantly limit the release rate..

In the event of failure to demonstrate all the previous approaches, an
alternative container-with considerably.greater expected lifetime before
breach would be used. This alternative-has been kept as the final fallback
position- because of the current confidence that the requirements. of 10 CFR
60.113.can be-met with the existing waste package concept. An activity to
examine alternative containers is being maintained so that a longer-lived
container could be developed if required. This activity is described in
Section 8.3.5.9.1.3.

The strategy for meeting the controlled release requirements-of 10 CFl
60.113 is based on the bounding assumption that there are less than 20 L of
water available per package per year. This value was obtained by multiplying
the cross sectional area of a vertical borehole by 80 times the maximum
anticipated flux passing downward through the cross sectional area. This
value of 20 liters per year per package is consistent with- the requirements
placed on the repository seals. Any greater flux is not considered credible
and is not designed for. The strategy applies only to an unsaturated
repository.

For the reference approach, a performance allocation has been made to
system elements on the basis of the bounding case (see Figure 8.3.5.10-2).
The performance measures and goals associated with the reference approach are
listed in Table 8.3.5.10-2. Control of the quantity of water contacting the
container to less that 20 L/yr requires that the engineered environment have
several performance measures and related goals. These are further discussed

8.3.5.10-14
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Table 8.3.5.10-2. Performance measures and goals for Issue 1.5 (
barrier system release rates)

engineered

System
element

Performance
measure

Tentative
goal

Needed
confidence

Engineered
environment

Quantity of liquid water
that can contact the
container

<20 L per pkg per yr High

Water quality ' Constrain water
chemistry, to
acceptable levels
for waste form
performance

High

Waste form Release rate from bare
waste form inside
,f ailed containers

<1 part in 100,000
(of 1,000 year
inventory) per
year for each
radionuclide

High
I W
t.:

in Issue 1.10 (Section 8.3.4.2) and are not addressed in detail here. There-9
are three performance goals and measures in the reference case'; These are
for the quantity and quality of water contacting waste and the release rate
from bare waste forms inside failed containers. 'The' performance parameters ;
needed to evaluate these performance measures are listed in Table 8.3.5.10-3.
The table also lists parameters that are consistent with meeting the perform
mance goals of Table 8.3.5.10-2.

The first set of parameters (Table 8.3.5'.10-3a) refers to the quality of--
the water contacting the waste. The goals for the constituents of the water.'
are set so that they are consistent with the composition of well J-13 water
(Chapter 4), and are used as a basis for setting goals for the other parame- *
ters. The information needs to establish both the quantity and quality of
the water are discussed in Section 8.3.4.2.

The second and'tliird sets of parameters are given in Table 8.3.5.10-3b.
The second set of parameters is a list of the maximum concentrations of
radionuclides permissible in effluent solutions exiting a waste package
containing spent fuel. The values given for the goals are the concentrations
necessary to meet the design objectives of the controlled-release period.
The third set of parameters is the analogous information for the glass waste
form.

8.3.5.10-15



Table 8.3.5.10-3a. Performance parameters and goals for water composition for Issue 1.5
(engineered barrier system release rates)

00
;12

0

01

Tentative
Performance performance Needed Current estimated Current

measure Performance parameters parameter goal confidence range confidence

Water qualitya pH 5.5-H High 6.1-7.7 Medium

Cl- <20 ppm High <10 ppm Medium

F <6 ppm High <5.4 ppm Medium

NOL <15 ppm High 0-11 ppm Medium

S04 <50 ppm High 16-35 ppm Medium

CO;,H00 <200 ppm Medium 90-160 pp Medium
3 1

Total anions <220 ppm Medium 110-160 ppm Medium

Organics TBDb TBD NAc NA

Colloids TBD TBD NA NA

o2 0.1-8 ppm High <6.5 ppm Medium

NH3 <1 ppm High <1 ppm Low.

Si >20 ppm High 20-550 ppm Medium

Na <100 ppm High 30-80 ppm Medium

K <50 ppm High 1-30 ppm Medium

Na/Ca >1 High >2 Medium

Total heavy <2 ppm High TBD Low
metals (>Ye)

Total other cations <50 ppm Medium <30 ppm. Low

I

aNot all combinations of the limits on the goals given
chemistries (See Section 8.3.4.2).

TBD = to be determined.
cNA = not applicable.

in the above table will result in acceptable water

( ( (
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Table 8.3.5.10-3b. Performance
(engineered

parameters and goals for spent fuel and glass
barrier system release rates) (page 1 of 7)

waste forms for Issue 1.5

Performance goal
(Concentration of radionuclide - Current

in'effluent water)' estimated
Performance Performance (mg/L) (Ci/L) Needed range Current

measure parameter (see note a) (see note'b) confidence (mg/L) confidence

SPENT FUEL WASTE

O"

0

-.1

Release rate from
bare waste form
inside failed
container

(seiei n~te d)

01-36

Ca-41
Ni-50
Ni-63"
se-lo
Zr-93
Nb-93m
Nb-94
Mo-93

0.206
5.6IB-02

1.65B-02

'12.7

8.55E-02
190

0.732

289-

0.798
22.0O
8.81',
11.0
7.93
9.49
1.00B-03.
2.228-05
1.82B-03
2.47B-05

8.91B-02

FORM (see note c)

!:.809-069 High
1.808-06 High

1.80E-06 High
5.289-06T High
I.808-08 High
.1'. 8-06 High
199L8-06 High
1'. 89~-O. 6 High
1.80E-06 High
r.808-06' High

1.348-05 High
1. 808-'06 -High:
1.808-06 High'
1.S08-08 High
'1. 80-06 High
1. 0-06 High
1.80R-06 High
1.80B-05 High
1.808-06 High
1.80E-06 High

1.80E-06 High

<40
To be deter-

'mined;'
<20

<4

<8.OE-3
<1

<1

To be deter-
mined

<0.8
<10
<.010
<0.2
(1.6-
<1
<1
<4.OB-8
<8.08-2
To be

determined
<1.0E 08

Low
Low,

Medium

Medium

Low
High

High

Low

~(see note e) I
HI-,
0

i
Tc-99.
Pdtl'7-
Sn-'126 '~
I-129
Cs-135
Sm-151
no- 166m
Pb-210
Ra-226
Ac-227''-
-.: I

Th-230

Low
Low'
High
Low
Low
High
Low

Medium
Low
Low

High



Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5

(engineered barrier system release rates) (page 2 of 7)

Performance goal
(Concentration of radionuclide Current

in effluent water) estimated

Performance Performance (xg/L) (Ci/L) Needed range Current

measure parameter (see note a) (see note b) confidence (mg/L) confidence

SPENT FUEL WASTE FORM (continued)

Goo
.

CAl
;.a'I
co

.0
00

U-233
U-234
U-235
1U-236
U-238

Np-237

Pu-238
Pu-230
Pu-240
Pu-241
Pu-242

Am-242m
Au-243

Cm-245
Cm-246

097

2.56

7.78

8.08B-02

1.. 28B-02

II .QB-06
2.108-06
1:808-08
1.80B-0B
1.808-08

1.80B-08

1.80B-08
3.15B-04
4.948-04
1.80B-08
1. 808-08

1.808-OB
1.618-05

1.808-08
1.80E-06

High

High

High

High

High

<10

To be deter-
mined

<5.OE -3

<1.0E-2

<1.0E-3

High

a

;..':Medium

High

High

Medium

AcRvity of
CO

released
as a gas
(gaseous
release)

(see note f) High To be
determined

Low

C I C
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Table 8.3.5.10-3b. Performance parameters and goaln for spent fuel and glass waste forms for Issue 1.5
(Rpgineered barrier system release rates) (page 3 of 7)

Performanco goal'"
(Concentration of radionuclide Current

in effluent water) estimated
Performance Performance (mg/L) ]Ci/L) Needed range Current

measure parameter (see note h) (nee note b) confidence (pg/L) confidence

A

CLASS WASTE FORM (see note i)

Release rate from
bare waste form
inside failed
containers

Ni-59
Ni-f3

Se-70

1. 4E-02

8. 1B-04

1 .09E-06
R. 78B-08

S. 62B-08

High

High

3.3E-04 to
4, 0_033

1,9E-05 to
2 .9E-04J

Medium

Medium
I

Rb-87

Zr-93

Nb-03m
Nb-94

Tc-99

Pd- 107

Sn-126

2,41Ol

I1.76E-08

6.22B-07

6.22R-07
1.776B-08

1.039-06

1.768-08

8.22E-08

Low.

High

High

High

.1.03 t?
1,0O-02

5.8E-03 to
B. 8BE-02

2.3E-06 t6
3.4E-05

1.5S-03 t2
2.28-02

Medium

High

Medium

Low

Medium

Medium

6. 10-02'

3.48-02

2. 9B-03

Medium 2.4E-04 tR
3.6B-03

High 7.OE-05 tq
1. 09-03J

Cs-135 5.3E-02 - 4.668-08 -High 1.3E-03 to
1.9E-023

Medium



Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered barrier system release rates) (page 4 of 7)

Performance goal
(Concentration of radionuclide

in effluent water)
(mg/L) (Ci/L)

(see note h) (see note b)
Performance

measure
Performance
parameter

Needed
confidence

Current
estimated

range
(mg/L)

Current
confidence

GLASS WASTE FORM (continued)

Sm-151

Pb-210

Ra-226

Ac-227

Th-230

Pa-231

U-232
U-233
U-234
U 235
U-236
U-238

1.5B-06

2.38-07

1.8B-05

2.4B-07

8. 6B-04

3.78-04

8.5B+00

3.83B-08

1.76B-08

1.76B-08

1.7BE-08

1.76B-08

1.76B-08

1.76B-08
1.768-08
4.54E-07
1.76B-08
1.858-08
1.76B-08

High 3.5F.-08 to
S. 3E-07J

Medium

Medium

Medium

Medium 1.9E-1O.t
2.8E-09

Medium 1.9E-08 tR
2.9E-07

0

ILow 4.78-12 tR
7.lE-1l

Low

Medium 8.5E-10 ty
8.5E-09

Low

High

9.5E--0 tv
1.4E-07

2.6E-02 ty
2.6E-01

High

Low

Medium

( ( (
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parameters'and.goals',for spent. fuel and. glass waste forms
barrier system.release rates) (page,5 of,7)

C

7'table.8.3.5.10-'3b.; Performance
-(engineered

for Issue 1.5

Performance goal
(Concentration of radionuclide Current

in effluent water) estimated
Performance. Performance .(mg/L) (Ci/L) Needed range Current

measure parameter (oee note h) (see note b) confidence (mg/b) confidence

-'GLASS WASTE PORM (continued)

Np-237 .2.5-02 . 1.76B-08 Medium 3.2E-04 tR Medium
,. ,, , , ,, ., , . ,, , , ., ..... , ..,4.85-03

Pu-238 1.20R-07
Pu-239 5.14B-06

';' 8 ' Pu-240 1.0E-01 3.005-06 High 1.2E-06 ty Low
'Pu-241 1.76E-08 1.2E-05
Pu-242' 1.76B-08

Am-241 5.01B-06
Am-242 . 1.5R-03 1.76 17-08 High 3.7R-05 to Low.
. 'A..243 .1.76B-08 6.6B-04J

Cm-245 .1.0B-04 1.76R-08 Low 4.7E-10 tR Low
7.19-09

aL`miting concentrations include stable isotopes of an element and were calculated assuming that all
isotopes of an element are released congruently at a level determined by the limiting concentration of the
radioisotope of that element requiring the most stringent control.

bThe concentrations are derived from the 1 x 10-$ per year or 0.1% calculated release rate limit
(CRRL) (1.8 x 10- ) requirement for each individual radioisotope based on 20 liters per package per year
flux together with the package leading assumptions in notes c and h.

t4.



Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered barrier system release rates) (page 6 of 7)

Footnotes (continued)

CAll calculations based on 33,000 MWd/VgU fuel at 1,000 yr out-of-reactor. Inventory includes
cladding and hardware. Calculations assume 62,000 mg of unoxidized spent fuel in 30,000 containers that
are contacted by 20 liters of liquid water per year. Issue 1.4 allocates performance to the cladding in
order to limit the quantity of oxidized fuel to less than 1 percent of the.repository inventory, thereby
controlling the release of those radionuclides in the fuel that are made more available for aqueous
release by oxidation (e.g., Tc-99).

d1able includes all radionuclides that have half-lives greater than 10 yr and have total inventories
per package such that, at the allowed release rate, it would take more than 10 yr to release the entire
inventory.

eCurrent estimated-ranges are based on experimental results discussed in Chapter 7, Section 7.4.3.1.1,
and theoretical modeling of phase solubility. Ranges for Se, Tc, Pd, I, Cs, and Pb were estimated
assuming that 1 g of U reacts per liter of water entering a container. The inventory of these elements
associated with 1 g of U was then assumed to remain in solution. Note that 1 g of U per liter is far in
excess of the expected U solubility.

fThe allowed aqueous concentration of C-14 assumes that no 0-14 is released as a gas. Similarly, the
allowed gaseous release was calculated assuming no 0-14 is released in solution. To meet the actual
release requirements, the sum of the aqueous + gaseous release must total <3.6E-05 Ci/yr per package.

9l.80B-06 is notation for 1.8 x 10 6

hAllowed maximum concentration in mg/L for all the radioisotopes of each element. Note that nonradio-
active isotopes are not included.

1Inventory data for Defense Waste Processing Facility (DWPF) glass taken from 1,000-year inventory,
Table 7-21. Allowed effluent per container in the maximum 20 liters water per package per year is
calculated from the allowed release; 1 part in 100,000 or 0.1% of the calculated release rate limit
(CRRL). Radionuclides whose total inventory could-be released from the waste package at the allowed rate,
in less than 10 yr, have been excluded from this table (e.g., Sr-90). Radionuclides whose half-lives are
less than 10 yr (short-lived daughter products) have also been excluded; they are controlled by control-
ling the parent nuclide.

C (
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Table 8.3.5.10-3b. Performance parameters and goals for spent fuel and glass waste forms for Issue 1.5
(engineered-barrier system release rates) (page 7 of 7)

.~~~~~~~~~~ .

Footno tes (continued)'

3Estimated range.in concentration based on the congruent breakdown of glass. The allowed total'for
each radionuclide (note i.) is equivalent to a silica concentration in solution of 415 mg/L (approximately
50% of the 1,660 kg glass in-each DWPF container is silica; one part in 100,000, partitioned into.
20 liters, is 415'mg/L). Silica releases of this'magnitude are not anticipated. Estimated ranges'were ;
obtained by considering that total silica released'from glass (including that recrystallized) would not
exceed that equivalent to 150 mg/L. This is the upper limit in the estimated range. The lower limit
assumes that glass dissolves slowly at long times, and-an equivalent silica release of 10 mg/L was used.

For athese radionuclides, the allowed-release' is 0.1% oftthe CRRL. However, the estimated release,
reflects the actual inventory (see Table 7-21, 1,000-yr.inventory), which may be much smaller.

4 1For these radionuclides, the estimated concentrations based on either (j) or (k) exceeded the
expected solubility of these elements in well J-13 water, as calculated using BQ3/6. The estimated range
given is the calculated solubility at 254C, pR 7.6, with lorder of magnitude, uncertainty. ''

Although these radionuclides are at or near the'current predicted solubility limit, the current
confidence'is given as low because of the possibility that-additional solution species (other'ligands) may
be found which raise the solubility, and the possibility that colloid transport may contribute
significantly to release.'
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The unprotected conditions that will be assumed in the performance
analysis will be different for the two basic waste forms because of the
intrinsic differences. The glass waste form will be assumed to be in its
pour canister, with the canister closure degraded to the point that water can
flow freely into and out of the canister. The spent fuel waste form will be
assumed to consist of bare fuel pellets that have been exposed due to rupture
of the cladding. (Issue 1.4 places a goal on cladding failures to limit the
quantity of oxidized fuel to less than 1 percent of the repository total).
For both waste forms, the container will be considered to remain substan-
tially intact, thereby providing a means to accumulate water in contact with
the waste form. The container will be assumed to have failed at the most
likely failure location (presently thought to be near the final closure) and
the size of the failure is assumed large enough to allow free flow of water
into and out of the container.

The environmental conditions to be assumed in the analysis are extreme
values of the range of parameters that describe anticipated processes and
events. These are discussed in detail under Issue 1.10 (Section 8.3.4.2).
The extreme values are not necessarily the extreme values of the parameters
but are selected to represent the values for which the largest release rate
occurs. Interactive effects among parameters were considered in this
selection process. In addition, in some cases there'are parameters for which
a physically unrealistic bounding value is assumed. -For emplacement in the
unsaturated zone, it is difficult to construct a scenario in which liquid
water can be transported from the edge of the borehole across the air gap in
a way that would allow all the water that flows past the package to flow into
the package. Scenarios that involve a package tilted over to contact the
borehole wall or displacement of rock into contact with a package might allow
some limited amount of wicking into the package, but substantial amounts of
flow do not appear to-be credible. However, for the bounding case, the
calculation will be done assuming that the flux of water that would flow
through a volume of rock equivalent in size to the borehole volume would also
flow through the container. Preliminary calculations indicate that release
rates using this assumption will be sufficiently below the performance objec-
tive that licensing arguments could be made using this bounding case.

The data in hand are, insufficient to choose with high confidence of
success a final licensing approach for rapid gaseous release of carbon-14.
Several alternatives are under study (Figure 8.3.5.10-3). The development of
a better understanding of the distribution and release characteristics of
carbon-14 in Zircaloy cladding and assembly hardware is needed, since the
relatively large release observed in the fuel temperature test may be due to
the high temperature or the high radiation field or both. Another area of
investigation is the breach rate of containers, since a time-distributed
failure rate for containers would minimize the pulsed carbon-14 release. The
interaction of carbon-14 releases from waste packages with natural carbon in
the repository air and rock-water system will also be studied (Information
Need 1.5.5, Section 8.3.5.10.5). Although these items are not part of the
reference case, they are discussed along with the reference case items with
which they are associated.

To satisfy the needs for information to be used in resolution of
Issues 1.1 (Section 8.3.5.13) and 1.9 (Section 8.3.5.18), a more realistic
estimate of release rates and total releases is needed. Some of the system
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components that could provide additional control on the release rate have not
been included in the reference case calculations. Inclusion of an analysis
of the condition of the containers would allow credit to be taken for intact
containers. Zircaloy or stainless steel cladding, either intact or with
minor defects, will provide an additional control on the rate of dissolution
of the pellets contained within the cladding. All these factors would result
in lower estimates of the amount of waste elements leaving the container and
the engineered barrier system. A further lowering of the amount of radionu-
clides available for transport is expected to occur during transport from the
edge of the engineered barrier system through the near-field environment.
The NNWSI Project adopted the current DOE interpretation of the EBS system
boundary to coincide with the surfaces of the excavations within the under-
ground facility. The DOE, however, requires the Project to reevaluate the
interpretation before the completion of repository and waste package advanced
conceptual design. If, in the future, portions of the host rock are to be
included in the EBS, the near-field radionuclide transport studies will be
needed to resolve this issue (1.5) and to provide the realistic source term
to Issues 1.1 and 1.9.

Radionuclide source term calculations will examine the transport
processes active in the first few meters of host rock surrounding-an emplaced
waste package. These calculations are required to provide detailed infor-
mation on the anticipated response of the hydrogeologic and geochemical
systems to the maximum design thermal loading, and to provide a-basis for the
assessment of the effectiveness of natural and engineered barriers against
the release of radioactive materials to the environment (10 CFR 60.21). The
release to the accessible environment will be calculated in activities
described under Issue 1.1 (Section 8.3.5.13). A realistic source term will
serve as a basis for establishing bounding conditions, and. for demonstrating
that predicted performance under those conditions is bounding. For radio-
nuclide transport, many species exhibit a strong affinity for sorption onto
the host rock. Under anticipated conditions, it is expected that these
species will interact with rock that is within meters of the waste package,'
as opposed to hundreds or thousands of meters from the repository. There-
fore, a radionuclide source term calculated across a boundary relatively near
the waste package will serve as a realistic, although not necessarily
bounding, source term for transport calculations to the accessible
environment.

Table 8.3.5.10-4 presents the performance measure for this activity.
The measure is the relative concentrations of radionuclide species as a
function of time and distance from an emplacement hole that are adsorbed to
host rock, dissolved in pore and fracture water, and in the pore and fracture
gases. This activity will provide characterization of the effectiveness of
the host rock against radionuclide transport. The parameters required for
these assessments are host rock hydrologic properties, thermal properties,
transport properties, and radionuclide sorption and exchange properties.
Further, release of radionuclides from the engineered barrier system and a
set of conditions representing anticipated and unanticipated processes and
events are required. Table 8.3.5.10-5 provides the linkages to those
parameters developed in other sections of this document. The parameters of.
Table 8.3.5.10-5 are developed in greater detail in Sections 8.3;4 and
8.3.5.13.
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Table 8.3.5.10 4. Performance allocation for radionuclide migration in near-field host rock

SCP section-
requesting System Process or Performance Needed
parameter element Function condition ineasure Coal confidence

8.3.5.13 Topopah Spring Limit migration-of Radionuclide Concontrations of Adequate to determine High
Tuff radionuclides transport radionuclide effectiveness of

through the near- species in gas natural barriers
field host rock phase, liquid

water, and adsorbed
to solid phases
within the near-
field host rock

p ..
'-.

* ' h;~~~~~~~~~~
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Table 8.3.5.10-5. Performance measures, parameters, and parameter goals for calculating
source term for near-field host rock (page 1 of 2)

radionuclide

Sections where
System Performance Parameter Current Needed parameters are
element measure Parameter goal confidence confidence developed

Topopah Spring
Tuff

Concentrations of
radionuclide
species in gas
phase, liquid
water, and
adsorbed to solid
phases within the
near-field host
rock

Host rock hydro-
logic properties

Properties known with
accuracy sufficient
to calculate differ-
ences in flow through
the near-field rock
resulting from antici-
pated and unantici-
pated events

Properties known with
accuracy sufficient
to calculate radio-
nuclide sorption to
the near-field rock
resulting from antici-
pated and unantici-
pated events

Low High 8.3.1.2.2

8.3.1.3.4
00

Ca

0

-.3

Radionuclide sorp-
tion properties

Low High

Radionuclide trans-
port properties

Host rock thermal
properties

Properties known with
accuracy sufficient
to calculate transport
through the near-field
rock resulting from
anticipated and unan-
ticipated events

Properties known with
accuracy sufficient
to calculate heat flow
and temperature in the
near-field rock
resulting from antici-
pated and unantici-
pated events,

Low High 8.3.1.3.1,
8.3.1.3.4,
8.3.1.3.5,
8.3.1.3.6,
8.3.1.3.7

8.3.1.15.1,
8.3.1.15.2,
8.3.4.2.4

Medium High ,



Table 8.3.5.10-5. Performance measures, parameters, and parameter goals for calculating radionuclide
source term for near-field host rock (page 2 of 2)

Sections where
System Performance Parameter Current Needed parameters are
element measure Parameter goal confidence confidence developed

Topopah Spring Concentrations of
Tuff radionuclide Releases from Knowledge of the Medium High 8.3.5.10.4
(continued) species engineered engineered barrier

(continued) barrier system system release rate

Anticipated and Events described in Medium High 8.3.5.10.3
unanticipated detail sufficient
processes and for resolution of
events Issues 1.1 and 1.5

(Section 8.3.5.13
and this section)

0

( ( (
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To ensure that the testing program and analyses would provide the infor-
mation needed to resolve this issue and to support the resolution of Issues
1.1 (Section 8.3.5.13) and 1.9 (Section 8.3.5.18),-characterization goals
were set for the description of the waste form in its as-received condition,
the handling and storage of.the waste form before sealing it in a container,
and the characterization of the physical and chemical processes that could
affect radionuclide release rates. These topics are discussed briefly in the
following paragraphs.,

A. Waste form definition

The characteristics-of the waste forms when they are received at the .
repository must be known to ensure proper handling, interim storage, packag-
ing, and disposal conditions.- A number of the characteristics are inter-
related, such as radionuclide inventory, burnup, and waste age for spent.
fuel. In this instance, a characterization goal was set for one-of these
parameters: the radionuclide inventory. This parameter was selected because
it is likely to be the least well known,- and its value is used in the
greatest number of cases in the performance analyses.

Data will need to be collected to allow description of.a number of the
characteristics of spent fuel. At present, there js insufficient information
about the"variabilityof the waste form,-and the sensitivity of waste form
performance to that variability, to allow a sensible goal-for characteri-
zation to be set. Where this is the case, the most complete characterization
consistent with the resources for information will.be provided. As infor-
mation on the relative-importance of the various parameters becomes avail-
able, more.'precise characterization goals will be set.

There are two parameters known to be important with respect to spent
fuel performance under disposal conditions:, elements that migrate as gases
during use in the reactor and the population of cladding that contains
defects. The former is needed to allow prediction of the rapid release
fraction of a small. number of radionuclides (isotopes of 'cesium, iodine, and
technetium); the latter. is. needed to allow estimation of the number. of fuel
rods for which water can immediately .gain access to the spent fuel. For each
of these parameters, a characterization goal is assigned. This information
is required for resolution-of both Issue 1.4 and this issue.

For glass waste forms,;the characterization goals are the same as those'
set in waste acceptance specifications and will not be repeated here.

...The goals for spent fuel description.are',as follows:

1. The inventory of radionuclides at emplacement-will.be established.to
.within '*20 percent for each radionuclide that -will constitute more-.
than.5 percent of the: activity at. any.time during'the first
.0l,O00Oyr after disposal..

2. The condition of the cladding will be described so that the number
of rods containing defects in the cladding at the.time the waste
package is assembled can be estimated to within a factor of 2, or be
shown to be less than 1 percent of the population..
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3. The fission gas release to the pellet-cladding gap will be
determined so that the gap inventory of cesium can be estimated to
within a factor of 5.

B. Postacceptance, preemplacement storage, and handling of waste forms

Certain storage and handling conditions can cause changes in the waste
forms that would be detrimental to long-term performance under disposal
conditions. To prevent the occurrence of those conditions, goals have been
set on the handling and storage of the waste forms after receipt at the
repository. These goals have been assigned on the basis of the current
knowledge of waste properties and taking into consideration the present
understanding of the relative importance of factors affecting performance.
The goals on the number of preemplacement cladding failures are motivated by
requirements on the amount of fuel that can be allowed to oxidize. Goals-for
cladding failures are also set under Issue 1.4.

The goals for handling and storage conditions are as follows:

1. The temperature of the spent fuel waste form and the access of air
to the waste form will be controlled during transport, handling, and
storage before emplacement such that oxidation of spent fuel through
existing cladding defects is less than the amount that would result
in 5 percent cladding strain.

2. The processes used to transport and handle spent fuel at the surface
handling facility will be designed so that cladding failure from
mechanical abrasion or deformation considering thermally induced
effects will result in less than 5 percent cladding strain.

3. For glass waste forms, the storage conditions will be such that the
transition temperature of the glass is not exceeded.

Analyses to define the temperature and air access limits required under
goals 1, 2, and' 3 are conducted under Information Need 1.5.2. Analyses
conducted to resolve Issue 4.4 (Section 8.3.2.5) will show that the surface
handling facility will comply with the temperature and air access goals
determined for the spent fuel and glass waste forms.

C. Chemistry of water that enters the failed containers

Waste form dissolution rates and the solubility of mobilized radionu-
clides can be sensitive functions of the chemistry of the water that contacts
the waste forms. The chemistry of water that contacts the containers and
alterations to the water chemistry due to container corrosion will be
determined in the resolution of Issue 1.10 under Information Need 1.10.4.
(Section 8.3.4.2.4). The chemistry of water that could enter failed
containers at a rate greater than 0.5 L/yr will be characterized to within
the following limits.

pH *1 pH unit
Anions: *1 mg/L for fluoride, chloride, and phosphate

*10 mg/L for nitrate and sulfate
*30 mg/L for carbonate and bicarbonate
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Cations: *1 mg/L for species originally present at less than 6 mg/L.'
(Nickel and chromium are excluded from this
requirement.)

*5 mg/L for species originally present at between 6 and
40 mg/L

*20 mg/L for species originally present at greater
than 40 mg/L.

D. Dissolution rate of the components of the waste forms and solubility of
mobilized radionuclides

The flow rates for water in the unsaturated zone are extremely low. The
residence time for water in contact'with the waste forms will be very long in
those cases where water can gain access to the waste form. Dissolution rates
are expected to be controlled by long-term saturation limited kinetics. A
model for glass dissolution-by-this mechanism has been developed and appears
to give a good fit to the laboratory data (Grambow, 1984; Grambow et al.,
1985; 1987). Data for spent fuel.dissolution, while more limited in number,
appear to support a similar model for spent fuel matrix dissolution.

The spent fuel waste form is more complicated than the glass waste form
because it has a number of components, each with different release'or
dissolution rates, for which account must be given. Note that complexity of
description implies.neither inferiority nor superiority of the waste form in
terms of the ultimate performance that will be demonstrated..

The performance goal for the spent fuel waste form is to show that the
sum of the radioactivity for the solutions and gases exiting the waste
packages will contain no more than one part in 100,000 per year of.the
inventory of each radionuclide present in the total repository:1,000.yr after
closure.

For glass waste forms, the performance goal is to show that the
dissolution rate of the matrix and the mobilization of elements from the
matrix will be low enough to ensure that water exiting a failed container
will carry with it no more than 1 part in 100,000 per year of the container
inventory of total radionuclides.

For-both waste forms, for any radionuclide shown to have a--dissolution
or mobilization rate greater than 1 part in 100,000 per year under 'the
conditions given in the bounding case in Figure 8.3.5.10-2, the solubility
and speciation of the radionuclide under anticipated conditions-will be
determined. -

Tests and analyses to show that these goals are achieved will be -'.
conducted-under Information Needs 1.5.1, 1.5.2, and 1.5.3 (Sections
8.3.5.10.1 through- 8-3.5.10. 3)

E. "Additional barriers available to be used to resolve this issue-

The following additional barriers are available to resolve the issue, if
needed, under alternative approaches for liquid releases..
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1. The container failure rate under anticipated conditions and under
unanticipated conditions will be described. Tests and analyses to K.>
provide estimates of the container failure rate.will be done under
Information Needs 1.4.2 through 1.4.4 (Sections 8.3.5.9.2 through
8.3.5.9.4).

2. Cladding failure rate will be determined from the results of tests
and analyses done under Information Needs 1.5.2 and 1.5.3 (Sections
8.3.5.10.2 and 8.3.5.10.3). -

3. For water that 'encounters a breach in the container, the'fraction of
water that enters the container and fraction that pass-esby the
breach site without 'entering the 'container will be characterized.
Tests to provide data'for this analysis will be done under
Information Need 1.5.3 (Section 8.3.5.10.3)..

4. Water that accumulates within a fIailed container will provide
variable dilution factors for different radionuclides. The -

concentration of readily soluble radionuclides will be diluted in
proportion to the quantity of water that accumulates. This Will
have the effect of reducing the release rate from 'the container for
these nuclides. Tests and analysis to support estimation of the
dilution factors will be done under Information Need 1.5.3 (Section
8.3.5.10.3).

F. Potential barriers that will not be characterized

The following potential barriers will not be characterized:

1. The flow of air into a container for whicb a breajh sufficiently*
large to sustain a flow of air at 1 x 10 atm-cm /s will be assumed
to proceed without impediment.

2. The pour canister on the glass waste form will be assumed to provide-
no barrier to fluid flow.-

G. Transport of radionuclide-bearing solutions through the near-field
environment

The system model for performance assessment will require a source term
to represent the radionuclides released across some boundary in the reposi-
tory and to help provide an assessment of the effectiveness of natural and
engineered barriers against release of radionuclides to the environment. To
accommodate the needs of the system model for a source term, tests and anal-
yses will be conducted to show the effects of transport of solutions that
leave the waste package and migrate through the near-field environment.
These tests and analyses will be done under Information Need 1.5.5 (Section
8.3.5.10.5).

No specific goals will be set for the results of these analyses; how-
ever, emphasis will be placed on actinides for which the EPA release limits
to the accessible environment are a small fraction of the amount that could
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be released from the engineered barrier system under the performance objec-
tive for radionuclide release rate of 10 CFE 60.113. Data will be gathered
predominantly for plutonium and americium (Oversby, 1986).

Interrelationships of information needs

Information Needs 1.5.1 and 1.5.2, and parts of 1.'5.3 and'1.5.4 will be
used for resolving Issue 1.4 and this issue (1.5). The data from Information
Needs 1.5.3 and 1.5.4 not used for this issue (1.5) and all of Information
Need 1.5.5 will be used in the resolution of Issues 1.1, 1.4, and 1.9, which
are addressed in Sections 8.3.5.13, 8.3.5.9 and 8.3.5.18, respectively.

The schedule information provided for information needs in this'section
includes the sequencing, interrelationships, and relative, durations of the
activities in the information need. Specific durations and start/finish
dates for the activities are being developed as part of ongoing planning
efforts and will be provided in the 8CP at the time of issuance and revised
as appropriate in subsequent semiannual progress reports.

8.3.5.10.1 Information Need 1.5.1: Waste package design features that
affect the rate of radionuclide release

Technical basis for addressing the information need

This information need addresses the condition of the 'waste (spent fuel
or glass) as it arrives at the repository, and the NNWSI Project waste
package design features important to determining radionuclide release. To
model the performance of the waste forms under repository conditions,
reliable data are required on the population statistics for the pairameters
listed in the following parameters section.

Link to the technical data.chapters and applicable support documents

The characteristics of the waste form are discussed in Chapter 7,
Section 7.4.3. Glass waste forms will be further described in the waste
qualification report from the waste producer. The waste container design is
described in Section 7.3, and the behavior of the metal barrier components
of the waste package are discussed in Section 7.4.2.

Parameters

For the spent-fuel'waiste form, parameters are iequired for the fuel
itself, the fuel cladding, and other assembly parts.

The fuel parameters are as follows:..

1. As-fabricated fuel characteristics (composition, density, etc.).

2. Peak and average burnup.

3. Radionuclide inventory.
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4. Peak linear heat generation rate -(LBGR).

5. Reactor type: pressurized water reactor (PU), boiling water
reactor (BWR), or other.

6. Fission gas release.

7. Microstructural changes in the fuel due to irradiation.

8. Discharge date.

9. Storage medium and access of air or water to the fuel.
10. .enn p

10. Mean and p.eak storage temperature.

1.l Preemplacement releases of radionuclides, if any.

The cladding parameters are as follows:

1. Chemical composition.

2. Rod pressurization.

3. Percentage of rods with defected cladding, types of defects, and
circumstances under which failure occurred.

4. Degree of oxidation.

5. Amount and type of crud deposits.

6. Radionuclide inventory of cladding.

7. Degree of hydrogen embrittlement or hydride formation, if known.

8. Peak and average storage temperature.

9. Discharge date.

10. Degree of mechanical damage to cladding that does not result in
immediate cladding failure.

11. Preemplacement releases of radionuclides from cladding or cladding
deposits, if any.

The parameters required for other assembly parts are

1. Chemical composition.

2. Location in assembly.

3. Discharge date.

8.3.5.10-34



CONSULTATION DRAFT

4. Chemical or physical changes in assembly components due to
irradiation or storage.

5. Preemplacement releases of radionuclides from assembly components,
if any.

The parameters for glass waste forms are

1. Chemical composition.
2. Radionuclide inventory.
3. Chemical and phase stability.
4. Pour canister design.
5. Pour canister material.
6. Pour canister material properties.
7. Pour canister closure data.-
8. Content of free liquids.
9. Gas content in canister voids.

10. Explosive, pyrophoric, or combustible material content.
11. Organic material content.
12. Free volume.
13. Decay heat generation rate.
14. Radiation dose rates.
15. Chemical compatibility of waste form with pour canister.
16. Weight of glass.
17. Cracking and fine particle production.
18. Chemical compatibility of pour canister and container.
19. Shipment, storage, and repository handling thermal history.

The parameters for both waste forms are

1. Timing of delivery of the various waste types to the repository.
2. Container design.
3. Container materials.
4. Chemical compatibility of waste forms with container.
5. Container orientation.,
6. Borehole liner design.
7. Borehole liner materials.
8. Compatibility of waste form with borehole liners.
9. Borehole liner corrosion rate.

10. Borehole liner corrosion products.,
11. Borehole shield plug design.
12. Borehole shield plug materials.
13. Compatibility of waste forms with borehole shield plugs.
14. Alteration or corrosion products of borehole shield plugs.
15. Repository thermal loading. -
16. Package thermal cycle in repository.

Logic

-The parameters just. listed will provide a complete description of the
waste as emplaced in the repository and provide the data to determine how the
waste characteristics will change during the lifetime of the repository.
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8.3.5.10.1.1 Activity 1.5.1.1: Integrate waste form data and waste package
design data

This activity accumulates the information in the parameters listed
previously from waste producers, fuel manufacturers, and other repository
studies. No tests or analyses are performed in this activity.

8.3.5.10.1.1.1 Subactivity 1.5.1.1.1: Integrate spent fuel information

This subactivity will involve participation in the Spent Fuel Working
Group, liaison activities with the DOB Office of Storage and Transportation
Systems and other groups that may provide data on spent fuel, and review and
accumulation of spent fuel data and results to determine whether information
specified in the parameters listed previously is adequately provided by
producers and other repository studies.

8.3.5.10.1.1.2 Subactivity 1.5.1.1.2: Integrate glass waste form
information

This subactivity will involve participation in the waste acceptance
process; liaison activities with West Valley Demonstration Project (WVDP),
Savannah River Laboratory (SRL), and the Defense Waste Processing Facility
(DWPF); and review and accumulation of glass waste form data and results to
determine whether information specified in the parameters listed previously
is adequately provided by producers and other repository studies. Most of
the information specified in the glass waste form parameters is expected to
be provided in the Waste Qualification Report as part of the waste acceptance
.process. The major goal of this activity is to ensure that the needed data
are provided.

8.3.5.10.1.1.3 Subactivity 1.5.1.1.3: Integrate waste package and
repository design information

This subactivity will involve review and accumulation of data other than
that provided by waste producers and the NNWSI Project waste form studies,
including the parameters common to spent fuel and glass waste forms in the
list given earlier.

8.3.5.10.1.2 Application of results

The results of this information need will determine the characteristics
of the waste forms as received and emplaced at the repository, and provide
the data to determine how those characteristics will change with time.
Because they will establish important parameters such as waste form weight,
radiation dose rates, and thermal properties, these activities are important
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to all-design and safety issues-. The data 'will be used as the basis for the
testing and modeling of waste fora performance, and thus will be used in
resolving Issues 1.1 (Section 8.3.513), IAL (Section 8.3.5.9), 1.5, and 1.g
(Section 8.3.5.18), as well as issues requiring knowledge of the zadioauclide,
release source term.

8.3.5.10.1.3 Schedule and milestones

This information need addressing waste package design features, contains
one activity: 1.5.1.5 (integrate waste formdata and waste package design
data). No milestones are defined; hence, timelines depicting schedule
information are not presented in this section. Summary schedule and
milestone information for this information need can be found in Section
8.5.2.2.

The one activity in this information need is ongoing and involves the
participation of outside committees to collect-and-review pertinent data used
in other activities.

Work performed under this information need is not seriously constrained
by other program elements.

8.3.5.10.2 Information Need 1.5.2:. Material properties of the waste form

Technical basis for addressing the information need

This information-need covers the-experimental work carried out to
determine the material properties of the spent fuel and glass waste forms and
to assess how these properties would affect the behavior of the waste forms
under; the NNWSI Project repository conditions. The data generated by these
activities will be used under Information Need 1.5.3 (Section 8.3.5.10.3) to
develop models for the long-term performance of the waste forms.-

Link to the technical- data chapters and applicable support documents

The available data on-spent fuel dissolution are discussed in Section -

7.4.3.i1.1, and data on the degradation and leaching of the glass waste form
in Section 7.43.2. The available data on the oxidation of irradiated -
uranium dioxide (U02) fuel are discussed in Section 7.4.3.1.2. The available
data on the corrosion of Zircaloy are discussed in-Section 7.4.3.1.3.

Parameters

The information needed from other information needs includes the
following:

1. Waste form characteristics and waste package design features (Infor-
mation Need 1.5.1, Section 8.3.5.10.1).
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2. Chemistry of the water contacting the waste form (Information Need
1.10.4, Section 8.3.4.2.4).

3. Temperature as a function of time (Information Need 1.10.4, Section
8.3.4.2.4).

4. Release scenarios (Information Need 1.5.3, Section 8.3.5.10.3).

The information that will be obtained in this information need includes
the following:

1. Release rate of radionuclides from the spent fuel waste form
(includes both fuel and nonfuel components).

2. Mechanisms of release from spent fuel.

3. Oxidation rate of spent fuel as a function of temperature.

4. Primary mechanisms and rates of Zircaloy cladding failure.

5. Release rate of radionuclides from the glass waste forms.

6. Mechanisms of release from the glass waste forms.

Logic

The parameters given in the preceding list define the material
properties of the waste forms that will determine their performance in the
repository.

The primary mechanism for the transport of radioactivity from a failed
waste package is dissolution of the waste form into ground water followed by
migration due to the natural flow of ground water. It is thus important to
determine both the release rate of the radionuclides of interest from the
waste form as a' function of time as well as the equilibrium solubilities of
these elements in ground water of appropriate composition.

Because the spent fuel waste form in a failed container may be exposed
to the oxygen in air for a period of time before its initial contact with
ground water, it is necessary to determine the oxidation rate of uranium
dioxide and the effect of oxidation on dissolution. In addition, the volume
change attendant upon the conversion of UO to U 0 may cause gross failure
of the Zircaloy cladding on a fuel rod witd preelitting minor cladding
defects. This would expose a much greater area of fuel to both oxygen and
ground water than would be the case for an essentially intact fuel rod and
would affect both the oxidation rate and the dissolution rate. This affects
the resolution of both this issue and Issue 1.4 (Section 8.3.5.9).

The Zircaloy cladding in the spent fuel waste form may provide a barrier
for the release of radionuclides, especially those elements present in the
rapidly released, gap and grain boundary inventory such as cesium and iodine.
The corrosion rate of Zircaloy will be studied to determine the effectiveness
of the cladding in retarding the release of radionuclides. The nonfuel
components of the spent fuel waste form (including cladding) that contain
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activation products will also contribute to the radionuclide inventory of the
repository. Corrosion of these assembly parts is likely to be a major source
of several radionuclides (nickel-59, niobium-94, carbon-14).

Radionuclide release from glass waste forms can only occur after breach
of both the container and the pour canister, and subsequent entry of water.

8.3.5.10.2.1 Activity 1.5.2.1: Characterization of the spent fuel waste
form

The purpose of this activity is to conduct tests that will provide data
on the release rate of radionuclides from the spent fuel waste form. In all,
this activity consists of six subactivities; however, the bulk of the
experimental effort is covered by the first three subactivities discussed.

8.3.5.10.2.1.1 Subactivity 1.5.2.1.1: Dissolution and leaching of spent
fuel

Objectives

The objective of this subactivity is to determine the'release rate of
radionuclides from spent UO fuel. Tests will be conducted to determine the
effect on the release rate tf the parameters in the following list. The
results of these tests will be used to develop models of spent fuel disso-
lution and radionuclide release under Information Need 1.5.3 (Section
8.3.5.10.3).

Parameters

Tests are required for the following parameters:

1. Fuel burnup.

2. Fission gas release of the fuel during reactor operation.

3. Temperature.

4.. Oxidation state of the uranium in the spent fuel.

'5. Water chemistry.

6. Reactor type: pressurized water reactor (P)-), boiling water
reactor (BWR), or other.

7. Grain size of the fuel.

8. Radiation field.
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Description

The basic methodology of the tests will be to subject specimens of spent
fuel rods to contact with the NNWSI Project reference ground water (well J-13
water). Tests will be conducted using a variety of spent fuel types that
represent the population of fuel expected to be emplaced in the repository.
Periodic samples of the solution will be analyzed for water chemistry and
radionuclide content. At the end of the tests, samples of the leached fuel
will be examined with the scanning electron microscope and optical microscope
to determine, if possible, the location of any preferential dissolution. An
effort will be made to identify any phases that precipitate during the test.
The results of two series of tests using these methods are summarized in
Section 7.4.3.1.1.

8.3.5.10.2.1.2 Subactivity 1.5.2.1.2: Oxidation of spent fuel

Objectives

The objective of this subactivity is to determine the oxidation rate of
irradiated UO fuel as a function of the parameters in the following list.
The results ol these tests will be used to support the development of release
models under Information Need 1.5.3 (Section 8.3.5.10.3). Some of the oxi-
dized fuel produced by this activity will be used in spent fuel dissolution
tests.

Parameters

Tests are required for the following parameters:

1. Temperature.
2. Grain size of the fuel.
3. Particle size of the fuel (fracture density).
4. Atmospheric humidity.
5. Radiation field.
6. Burnup of the fuel.
7. Fission gas release of the fuel.

Description

Two types of tests are planned: (1) thermogravimetric analyses (TGA)
and (2) long-term dry-bath oxidation tests. Both techniques maintain the
spent fuel specimen at a constant temperature and humidity in a 20% O~ + 80%
N2 atmosphere. The primary means of determining the degree of oxidation is
by monitoring the weight gain of the sample over the course of the test. The
two methods are complementary. The TGA tests provide continuous monitoring
of weight changes of small samples for periods up to approximately three
months. The dry-bath oxidation tests use larger samples and can be run for
longer periods of time (two or more years) and can, therefore, provide
information on oxidation rates at lower temperatures than the TGA system;
however, the record of weight gain by the sample is not continuous. After
oxidation, fuel specimens from both types of tests will be examined using
x-ray diffraction, ceramography, and the ion-microprobe. Binziger (1985)
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presents a more complete technical description of the tests to be conducted
under this subactivity.

8.3.5.10.2.1.3 Subactivity 1.5.2.1.3:, Corrosion of Zircaloy

Objectives

The objectives of this subactivity are to determine the principal modes
of Zircaloy cladding degradation and to determine the failure rate of
cladding due to these modes. The results'of these tests will be used to
support the development of release models under Information Need 1.5.3
(Section 8.3.5.10.3). Those release models are needed to resolve both this
issue and Issue 1.4 (Section 8.3.5.9).

Parameters

Tests are required for the following parameters;

1. Presence or absence of liquid water.

'2. Water -chemistry,.especially iodine and fluorine content..

3. Stress levels in the cladding (includes pressurization and pressure
due to fission gas release).

4. Temperature.

,5. Compatibility of Zircaloy with other metals in.the waste package.

6. Hydrogen (hydride) content of the cladding.

7. Thickness of the external oxide layer on the cladding.

8. Radiation field.

9. Irradiation history of the cladding.

Description . .

Smith-(1985) has summarized the conditions in a tuff repository as they
pertain to Zircaloy corrosion and has identified'the corrosion. processes
expected to operate under these conditions. As discussed in Section.
7.4.3.1.3,' the'likely modes of cladding failure are (1) stress corrosion,
cracking, (2) electrochemical corrosion, and (3) hydride reorientation.
Uniform corrosion is thought to be too slow to'be an important mode of
cladding degradation. Stress rupture of the cladding may occur'if a small
cladding defect exists and the fuel oxidizes or if undefected rods are
subjected to high temperatures. Tests are planned to study each of the'
preceding failure modes and to quantify the rate at which they occur. To
obtain results on a laboratory time scale, it is likely that testing will
need to be carried out under conditions more extreme than those anticipated
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for the tuff repository. Extrapolation of the results to repository condi-
tions will require mechanistic models for the various failure modes and will
be carried out under the activities for Information Need 1.5.3 (Section
8.3.5.10.3).

The report by Smith (1985) discusses the planned test matrix. Three
types of tests are currently planned:

1. Electrochemical corrosion tests will involve the exposure of
Zircaloy cladding to ground water in the presence of air, tuff, and
stainless steel at a variety of temperatures and pressures, The
effect of particular ions thought to be important will be evaluated
by modifying the chemistry of the NNWSI Project J-13 well.water used
in these tests.'

2. Stress corrosion cracking testing will be carried out using C-rings
of Zircaloy, which will be stressed to near their yield point in the
presence of ground water, and by the use of an apparatus allowing
cladding segments to be overpressurized in the presence of liquid
water.

3. The role of stress rupture will be evaluated by overpressurizing
Zircaloy-clad fuel rod segments.

In all these tests, the Zircaloy will be examined after testing by a
variety of techniques, including, but not limited to, metallography, scanning
electron microscopy, transmission electron microscopy, and a scanning Auger
technique. In addition to these tests, the importance of hydride
reorientation for Zircaloy failure will be evaluated. Additional tests may
be undertaken as a better understanding of the behavior of Zircaloy under
tuff repository conditions develops.

8.3.5.10.2.1.4 Subactivity 1.5.2.1.4: Corrosion of and radionuclide release
from other materials in the spent fuel waste form

Objectives

The objectives of this subactivity are to quantify the corrosion rate
and consequent release of radionuclides from components of the spent fuel
waste form not included in the studies on the uranium dioxide fuel itself and
its Zircaloy cladding. The primary components to be studied are stainless
steel, Inconel, and naval brass parts used as spacers, fittings, and other
structural elements of reactor fuel assemblies. The results of these tests
will be used to support the development of radionuclide release models under
Information Need 1.5.3 (Section 8.3.5.10.3).

Parameters

Tests are required for the following parameters:

1. Composition of material.
2. Water chemistry.
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3. Temperature.
4. Radiation field.
5. Irradiation history of the material.
6. Atmospheric humidity.

Description

At present, the tests to evaluate the release of radionuclides from
assembly materials are in the planning stage. Some'form of semistatic leach
testing under conditions similar to those anticipated in the tuff repository
will probably be performed. The tests will need to identify both the
corrosion-rate of the various assembly materials and the rate of radionuclide
release from the materials and their corrosion products.

8.3.5.10.2.1.5 Subactivity 1.5.2.1.5: Evaluation of the inventory and
release of carbon-14 from Zircaloy cladding*

Objectives

The objectives of this subactivity are to determine the source, inven-
tory,-and location of carbon-14 in Zircaloy cladding. In addition, 'the
potential for release of carbon-14 in the form of carbon dioxide from clad-'
ding will be studied. The parameters in the following list are presently
thought to be of importance in determining both the inventory and release
characteristics of carbon-14 in Zircaloy cladding. The results of these
tests will be used to'support the -development of radionuclide release models
under Information Need 1.5.3 (Section 8.3.5.10.3).-

Parameters

Tests are required for the following parameters: -

1. Reactor type: pressurized water reactor (PMR), boiling water
'reactor (BWR), or other.

*2. Irradiation history.

3. Extent and nature of crud deposits on the cladding.

4. Thickness of oxide film on the cladding. -'

5. Temperature.

6'. 'Radiation field. -

7. Nature of atmosphere surrounding the cladding (oxidizing or inert).

Description

Experiments are planned to determine the release characteristics of
carbon-14 from Zircaloy cladding. These involve heating whole assemblies,
individual rods, or rod segments in an oxidizing atmosphere and measuring the
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release of carbon-14 as a function of time and temperature. Other studies
are aimed at establishing how much of the carbon-14 is located within the
Zircaloy and how much is carried by the external coatings of crud and
zirconium oxide. These studies involve controlled etching of cladding
segments before heating to release the carbon as carbon dioxide. In both
types of test, the cladding will be examined to document the nature and
extent of any surface deposits as well as any microstructure within the body
of the cladding. Additional tests may be conducted as more information on
carbon-14 in Zircaloy. is gathered.

The source of the carbon-14 has a large role in determining whether the
radioactive carbon is within the Zircaloy or is in surface deposits. If the
carbon-14 is produced primarily by (np) reactions on nitrogen-14 impurities
within the cladding, then most of the carbon-14 would be expected to be
located there. If, on the other hand, (n,alpha) reactions on oxygen-17 in
the reactor cooling water are the dominant source, then the carbon-14 will
probably be mainly located in surface deposits. The relative importance of
these sources may depend on the type of reactor involved. The release
characteristics of the carbon-14 will depend strongly on the relative
importance of these two sources; the carbon-14 should be released from
surface deposits much more quickly than if the carbon must diffuse through a
significant thickness of cladding. Isotopic analyses of the stable carbon-12
and carbon-13 associated with the released carbon-14 may aid in identifying
the source of the latter.

8.3.5.10.2.1.6 Subactivity 1.5.2.1.6: Other experiments on the spent fuel
waste form

Objectives

As testing continues on the properties and behavior of the spent fuel
waste form, it is possible that additional tests not covered by the other
five subactivities in this activity will be required. Those tests will be
conducted under this subactivity. Currently, only one area of investigation
falls into this category: the behavior of stainless steel-clad fuel under
tuff repository conditions.

Description

Test descriptions will be issued as the need arises.

8.3.5.10.2.2 Activity 1.5.2.2: Characterization of the glass waste form

The purpose of the subactivities in this analysis is to provide the data
required to calculate release rates from glass waste forms.
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8.3.5.10.2.2.1 Subactivity 1.5.2.2.1: Leach testing of glass

Objectives

The objectives of this subactivity are to (1) use static'leach testing
to provide high-quality, high-precision data on the rates and amounts of
radionuclide release from waste. glass in contact with standing water and
(2) use unsaturated leach testing toprovide data on the rates 'and amounts of
radionuclide release from waste glass that is contacted by water, which then
flows off the glass without remaining for long periods of time.

Parameters

The information needed from other information needs includes

1.'. Waste glass composition.

2. Leaching water composition.

3. Temperature.

4. Ratio of water-to-glass surface area.

i5.- Container material.

6. Pour canister material. ,

7. BOther waste form characteristics from Info'mation Need 1.5.1
(Section 8.3.5.10.1). ' '

The output parameters for this activity are the rates of release of
radionuclides from waste glasses in contact with water and in the presence' of
important materials such as the container material.

Description

Leaching of glass in contact with standing water may occur when water
fills a breached container and pour canister. Leach testing under static
conditions will provide constraints on the release rate under these
conditions. In addition, leach testing under static conditions is the:
simplest form of leach testing, and the results may be generally applied to
provide constraints upon other leaching scenarios. The simplicity of these
experiments makes them the most reproducible form of leach testing., The
testing done in this activity is intended to test the most important
scenarios for release (e.g., temperature,, water chemistry, and interaction
with repository materials). Accordingly, long-term test matrices will be set
up drawing upon the information obtained from the materials interactions
tests (Subactivity 1.5.2.2.2, Section 8.3.5.10.2.2'.2) that will examine a
broad range of possible leaching conditions.

- A possible scenario for release from glass may be-that in which water
enters a breached pour canister and reacts with the glass (but is not'held in
contact with the glass) and then flows away. Water dripping onto and off
glass is one example. Because of the extremely high glass-to-water ratios
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that may occur under these conditions, a special test called the NNWSI
Project Unsaturated Test Method has been developed to examine the effects of
release under these conditions (Section 7.4.3.2). As part of this activity,-
unsaturated testing will .be performed to provide the complementary data to
that described for static leach testing.

Glasses to be tested in this subactivity will include both radioactive
and simulated-waste glasses. A range in compositions representing the range
to be produced (as described by the producer in the Waste Compliance Plan and
Waste Qualification Report) will be used. All related confirmation testing
will be conducted under this activity (refer to milestones in Section
8.3.5.10.2.4).

8.3.5.10.2.2.2 Subactivity 1.5.2.2.2: Materials interactions affecting
glass leaching

Objectives

The objective of this subactivity is to examine a broad range of factors
that may influence glass leaching and degradation. Those determined to be
most important will be tested further in Subactivity 1.5.2.2.1 (Section
8.3.5.10.2.2.1). This activity will provide information on mechanisms for
input to development of the glass leaching model, Activity 1.5.3.4
(Section 8.3.5.10.3.4). Both calculational and experimental techniques will
be used to examine the effects of possible interactions so that no important
mechanisms for glass release will fail to be considered by the testing and
modeling programs.

Parameters

The information needed from'other information-needs includes

1. Waste glass composition.

2. Leaching water composition.

3. Temperature.

4. Ratio of water-to-glass surface area.

5. Container material.'

6. Pour canister material and heat-treated canister material.

7. Radiation effects on leachant composition.

8. Cracking and disaggregation of glass.

9. Changes in fluid composition caused by other repository components
such as grout and concrete.
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10. Other waste form characteristics from Information Need 1.5.1
(Section 8.3.5.10.1).

The output parameters for this activity ire the effects on glass
alteration rate, and on glass leaching rate and mechanism caused by the
interactions of the studied materials.

Description

A large number of interactions may affect the rate of glass degradation
in the repository.' Among the most important are interactions involving the'
parameters in the preceding list. Other interactions will be identified and
examined as part of this activity.

Two types of experimental work will be conducted. In the first type,
leaching experiments will be performed in which the interacting material, or
radiation, is present with the glass. Several leaching tests will be used
including static testing, unsaturated testing, and pulsed flow testing. In
the-second type of testing, fluid chemistries will be altered to simulate
repository influences. In both tests,' EQ3/6 modeling will be used to aid in
designing the experiments, and the results will then be used to aid in the
development of the glass modeling EQ3/6 package of codes. Container
materials will be added to the experiments based on the metal selection
process (Issue 1.4, Section 8.3.5.9). Until the metal is selected, type 304L
stainless steel (the pour canister material) will be used. -

8.3.5.10.2.2.3 Subactivity 1.5.2.2.3: Cooperative testing with waste
producers

Objectives

The objective of-this subactivity is to conduct a cooperative testing
program with the waste producers to allow for the testing of full-scale waste
forms and to ensure that the laboratory-scale test results obtained by 'the
producers are consistent with those obtained by the NNWSI Project.

Parameters

The most important parameters for this subactivity are the following:

1. The effect of scale (full-scale versus laboratory-scale) tests on
-' leaching rates.-'

*2. Water flow and contact with glass'in a pour canister.

3. Reproducibility and accuracy of testing.,

4. Glass compositional effects on leach rates.

Other parameters are the same as those listeddfor-Subactivity 1.5.2.2.2
(Section 8.3.&.10.2.2.2)'
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Description .'

This subactivity involves cooperation with the waste form producers in
designing and interpreting leach tests on laboratory-scale and full-scale
waste forms. No testing,-under this subactivity will be performed by the
NNWSI Project. Full-scale 'testing "will be performed by the waste producers
on whole canisters and pieces cut from canisters to ensure that the
laboratory-scale measurements can be adequately applied to actual leaching in
the repository. The NNWSI Project will provide the following: (1) assis-
tance in designing the experiments, (2) assistance in interpreting the
risults'including geochemical analy'sis using EQ3/6 and the glass modeling
codes,,-and (3) repository relevant materials to be used in testing possible
repository interactions.

The waste producers are also conducting laboratory-scale tests similar
to those done by the NNWSI Project. In'this'sibactivity, those results will
be compared'to ensure that the waste'producers and the NNWSX'Project both
observe similar behavior in-glass'leachihg experiments. Additional'tests may
be added to the other two NNWSI Project glass testing'activities to confirm
these results'or to resolve inconsistencies.

-Because a large body of consistent data on glass'leaching behavior is
required, the cooperation with waste form producers is important to confirm
that the data provided by waste-producer tests will be usable in licensing
the repository.

8.3.5.10.2.3 Application of results

The information generated under this information need will be used to
develop models and scenarios for the release of radionuclides in Information
Need 1.5.3, Section 8.3.5.10.3. This information is also the primary input
to those models. Other performance issues that are directly affected by the
material properties of the waste form are Issues 1.1 (Section 8.3.5.13), 1.2
SectioiniR.3.5.14), aud'l.4 (Section-8.3.5.9).

8.3.5.10.2.4 Schedule and milestones

'This information need, addressing material properties of the waste form,
contains two activities: 15.2.1 (characterization of the spent fuel waste
form), and 1 5 .2.2 ̀ (characterization of the glass waste forii). In the figure
that follows, the schedule information for these activities is presented in
the form of timeliness The timelines extend from implementation of the activ-
ities to the issuance of the final products associated with the activities.
Summary schedule and milestone information for this information need can be
found in Section 8.5.2.2.

Both of the activities in this information need are ongoing. The activ-
ities involve experimental work and modeling, which is progressing in parallel
with other Issue 1.5 activities. There will be frequent. trantsfers of informa- K>
tion among the parallel activities until resolution of the issue.'

4.�.5.10-48



CONSULTATION DRAFT

Activities in this
other program elements.
other activities become

information need are currently not constrained by
'However, as the activities progress, interfaces with
more important.

The activity numbers and titles corresponding to the timelines are shown
on the left of the following figure. The points shown on the tiuelines repre-
sent major events or important milestones associated with the activities.
Solid lines represent activity durations and dashed lines show interfaces.
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.8.3.5.10.2.4 -MANUAL

.-- The points on the timeline and the data input-and output at the inter-
faces are described in the following table:

Point -

number Description

1 Milestone M005. Issue interim report on oxidation rates and
mechanisms of spent fuel.

2 Milestone Pill.
spent fuel.

Milestone M269.
design.

Initiate long-term confirmation testing of

Complete.spent fuel waste form testing for3

4

5

Milestone M006. Issue report on test results of dissolution
rates of partially oxidized fuel.

Milestone MOll. Issue final report on Zircaloy corrosion.

Milestone P201. Issue final report on oxidation rates and
mechanisms of spent fuel.

6
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Point
number ' - - Description

7 Milestone P256. Complete confirmatory testing of spent fuel
- waste forms -for license application.

8' Milestone Z067. Issuefinal report on the dissolution of spent
fuel.;.

9 Milestone Z069. Complete confirmatory testing of spent fuel
waste forms.

10 Milestone Z064. Issue report on results of unsaturated testing
of glass waste forms.

11 Milestone.ZOB5. Complete determination of the radionuclide
release rate from glass waste forms at 60'C relative to 90*C.

12 Milestone W208. Complete parametric testing of glass.

13 Milestone M009. Initiate long-term confirmation testing of ELW

14 Milestone P112. Complete West Valley glass waste form testing
for design.

15 Milestone Z066. Complete studies of alteration of glass.

16 Milestone Z068. Issue final report on leaching of waste glass.

17 Milestone Z070. Complete confirmatory testing of glass waste
forms. -

18 Complete documentation of waste form results for license
application.

8.3.5.10.3 Information Need 1.5.3: Scenarios and models needed to predict
the rate of -radionuclide release from the waste package and
engineered barrier system

Technical basis for addressing the information need -

This information need will draw together the scenarios and conditions
for radionuclide release provided by information needs or investigations
under the the following issues or characterization programs:

8.3.5.10-50



CONSULTATION DRAFT

Issue or
program Short title

1.1 Total system performance (Section 8.3.5.13)

1.4 Containment by waste package (Section 8;'3.5.9)

1.10 Waste package characteristics (postclosure)
(Section 8.3.4.2)

8.3.1.2 Geohydrology

8.3.1.3 'Geochemistry

8.3.1.4 Rock characteristics

8.3.1.5 Climate

8.3.1.6 ' Erosion

8.3.1.8 Postclosure tectonics

This information will'be combined with the models that will be used to
predict radionuclide release under anticipated and unanticipated conditions
for 10,000 yr (10 CFR 60.112 and 40 CFR 191.13) and under expected conditions
for 100,000 yr -(10 CFR 960.3-1-5).

Link to the technical data chapters and applicable support documents

The scenarios and conditions'for radionuclide release are deriveia from
the information on site geology (Chapter 1), hydrology (Chapter 3),'geochem-
istry (Chapter 4), climatology (Chapter 5), repositorydesign (Chapter 6),
emplacement'environment (Section 7.1), waste package-design (Section 7.3),
waste package environment (Section 7.4.1), and metal barriers studies ' --_
(Section 7.4.2). Some scenarios requiring analysis will arise from informa-
tion need of total system performance assessment, which is discussed in
Section 8.3.5.13.

Performance assessment models that will be used to predict radionuclide
release from the engineered barrier system have been discussed in Section
7.4.5 and the interrelationships'are shown' in Figure 8.3.5.1'0-1.' The '
design-related inputs to these analyses appear in Section 7.3.' Details of
activities that will develop waste package process models that will be imple-
mented in performance assessment modeling appear in waste package environment
(Section 74..1), metal barrier studies (Section 7'.4'.2), waste form degrada-
tion (Section 7.4.3), 'and geochemical modeling (Section 7.4.4). 'Model-inputs
are shown in Table 8.3.5.10-1.

* . . . . . . .. ., -~~~~~~~~~~~~~~~~~~~~~~~
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Parameters

Input parameters for scenario development are the following:: V

1. Output parameters from Issue 1.1 (conditions that reflect climatic,
geohydrologic, or geologic phenomena in the far field but which
result in changes at the repository level computed by total system
performance models) (Section 8.3.5.13).

2. Output parameters from Information Need.'1.4.4 (waste package
container failure modes and times) (Section 8.3.5.9.4).

3. Output parameters from Issue 1.10 (configurations and
characteristics of waste package designs) (Section 8.3.4.2)..

4. Output parameters from Issue 1.11 (characteristics of the repository
and engineered barriers) (Section 8.3.2.2).

5. Output parameters from Issue 1.12 (characteristics of the shaft and
borehole seals that-may affect waste-package performance) (S'ction
8.3.3.2).

6. Output parameters from Characterization Programs 8.3.1.2 and 8.3.1.3
(changes in.geohydrologic and geochemical.,conditions)....

'7. Output parameters from Characterization Programs-8.3.1.4 through
8.3.1.8 (changes in geologic, hydrologic, and geomechanical
conditions that may directly affect waste package performance).

Output parameters for scenario development-are the scenarios
themselves.

Data needed for'.the feochemical modeling of the reaction of.waste forms
with -water are the following:

1. The equilibrium aqueous-speciation of solutes.

2. The equilibrium solid and aqueous compositions of systems consisting
of mixtures of gas, liquid, and solids.

3. The thermodynamic and kinetic data for solid and liquid species
required to calculate equilibria and reaction rates in
gas-liquid-solid systems.

The output parameters from geochemical modeling are the following:
fluid compositions, amount and composition of solids, and overall rates of
reaction and approach to equilibrium for complicated systems.

The input parameters for waste form release models are the following:

1. The waste form characterization parameters specified in Information
Need 1.5.1.

KJv
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2. The waste form material properties specified in Informat'on Need
1.5.2.-

3. The parameters specified previously in this-information need
(1.5.3).

The output parameters from waste package release models are the rates of
release of radionuclides from waste packages.

The performance assessment models will require two kinds of input
parameters, both of which have been described earlier in this section.
First, the parameters describing anticipated and unanticipated events (i.e.,
the scenarios) serve to establish the range of cases for which performance
must be calculated.--These parameters also specify the range of conditions
under which the waste package must perform. Second,'the remaining parameters
for release and geochemical interactions provide the mechanisms of waste
release that will be integrated by the performance assessment calculation of
release from the engineered barrier system. The parameters required by'
performance assessment will contain the probabilistic information necessary
to meet'the reasonable assurance standard required by the NRC:-

The output parameters obtained from the waste package performance
,assessment model are cumulative distribution 'functions for the time to
failure of the container, the release rates of radionuclides from failed
waste packages, and release rates of radionuclides from the engineered
barrier system.

Logic

Calculation of the release rates of radionuclides from the engineered
barrier system requires an integrated analysis of all the significant factors
affecting loss of waste package containment. These include the 'release of
radionuclides from the waste form and the movement of radionuclides away from
a breached package. Release begins with container failure. Gaseous radio-
nuclides may -be assumed to leave'the package upon loss of containment. .-Solid
phase radionuclides that-arvecontained within the'waste form will require
contact with ground water for release to occur. Therefore, the amount and
chemistry of ground water as influenced by the waste package environment, the
condition of the container, the nature of the interaction between waste form
and ground water, and the 'inventory 6f waste 'present will affect the availa-
bility. of radionuclides' for transport. Once the radionuclides are in solu-
tion, pathways -by- which the waste may leave the waste package will complete
the-determination of releases from the engineered barriersystem.

The information provided under this information need constitutes'the
basic models needed to assess waste package performance. They incorporate
all applicable 'information from char cterization" design, and performance
studies..

- * - : . ^ ~~~i f -rm.tio' d]. Of -th fi

There are five activities in this information need. Each of the first'
four activities addresses a specific modeling need, and they' are tall'combined
in the fifth activity-(1.5.3.5) (Section 8.3.5.10.3.5).-

: .;._ ?..:. .uI f .,. - , :'

8.3.5.10-53



CONSULTATION DRAFT

8.3.5.10.3.1.,Activity 1.5.3.1: Integrate scenarios for release from waste
~ package

The following subactivity supports this evaluation.

8.3.5.10.3.1.1 Subactivity 1.5.3.i.1: Integrate waste package scenarios

Objectives

The Qbjective. of -this subactivity is to identify and assemble the
specific paramters needed-for waste package release calculations and'colleet
the, required ditiafrom.the investigations conducted to satisfy those needs.-
This information will-be used to construct scenarios for.release, consisting
of sets.of parameter values to be used.for.,waste package performance-
assessment. These scenarios will encompass the talues needed-to.represent
anticipated and unanticipated.events.

Parameters . ..

The input parameters for this 'subactivity are listed in the'combined
list in tbe.technical basis section.for-this information need. The most
important parameters are- expected to be as follows:

1. Package environment.

2. Package configuration.

-a,. Containment performance.1 - ..
: . . . - ; -. . ..... . ....... ..... , .*,NF. ---

4. Anti pated.and unanticipated-processes and events not developed
under this-subactivity.. . . .- -. ..

-The output parameters are the set of'scenarios representing antitipated
and unanticipated events under which release is expected to occur; -.

Description..

The possible sources of. information were discussed in the preceding
parameters section... Once collected, the parameters will be reformatted into
input data for modeling of the waste package performance assessment modeling.
The input data will contain the required parameters in a probabilistic' form
to allow calculations that will address the reasonable assurance standard for
radionuclide release.

The. parameters will'.consist.of the data needed to describe the environ-
ment surrounding the waste package, the configuration of the waste package,
and all input variables required by the release models of the performance
assessment; model.. Most of these -parameters will be developed in this izif or-
mation, need. and will. be,.described in the following information needs. Since'
release cannot begin until.the container has failed, the time of failure
supplied by the loss of containment calculations will form a part of the
parameter set (Information Need 1.4.5, Section 8.3.5.9.5). Some scenarios
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will be supplied from total system performance assessment under Information
Need 1.1.3 (Section 8.3.6.13.3).

8.3.5.10.3.2 Activity 1.5.3.2: Develop geochemical speciation and reaction
model

Objectives

The objective of this activity is to further develop the geochemical
modeling code EQ3/6 for use in modeling of waste form radionuclide release
and the behavior of released radionuclides. The need- to make long-term
predictions of release rates and the fate of released radionuclides requires
the use of a geochemically sound model that. accounts for the perturbations
that may exist within the repository and is consistent with existing thermo-
dynamic and waste form experimental data. For use in understanding long-term
behavior, geochemical modeling codes must be capable of modeling processes
already identified as major factors affecting radionuclide behavior, such as
dissolution and precipitation. For use in modeling waste form release, the
codes must be capable of modeling the dissolution behavior of the waste in
ways that are consistent with experimental data and that provide information
about the important factors affecting radionuclide release.

The EQ3/6 code package, the associated data base, and the use of the
code in geochemical applications have been described in Section 7.4.4. The
codes have already been used to interpret the results of rock-water inter-
actions tests, to evaluate ground-water analyses and determine whether
equilibrium conditions exist, to determine solubility limits for radio-
nuclides under various realistic conditions, and to aid in the design of
laboratory experiments by identifying parameters that need to be measured to
understand the chemical processes that.drive the experimental system. The
EQ3/6 package may be used to calculate the fluid compositions and solid
phases with their amounts and their radionuclides content that would result
from the equilibration of hypothetical solutions resulting from the dissolu-
tion of waste forms in water. Similarly, it may be used to calculate the
changes in composition of a water as it flows through and reacts with reposi-
tory rock, engineered barrier materials, or a waste form. The codes are also
useful for testing the thermodynamic feasibility of proposed mechanisms and
for identifying the equilibrium reactions that control a given process. Two
subactivities support this evaluation.

8.3.5.10.3.2.1 Subactivity 1.5.3.2.1: Develop data base for geochemical
modeling

Objectives

The objective of this subactivity is to develop i supporting data base
containing thermodynamic and kinetic information on aqueous species and
solids that may occur in the 'repository.
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The application of EQ3/6 to modeling of fluids important to radionuclide
release behavior requires this data base, which is accumulated through review
and verification of published values and through determination and validation
of new data determined to be of the highest importance in continuing the
modeling goals outlined in the other investigations in this information need
and in Information Need 1.5.5, (Section 8.3.5.10.5). An important aspect of
this activity is a sensitivity analysis to determine which data are the most
critical to achieving modeling needs described under Subactivity 1.5.3.2.2
(Section 8.3.5.10.3.2.2).

Description

EQ3/6 data files contain the standard thermodynamic data that are
reported in the literature for solids, aqueous species, and gases. These
values have been gathered from the available literature as an ongoing effort.
Despite a doubling in the total species in the data base and many improve-
ments in consistency, organization, and documentation, data base work has
lagged behind code development. Therefore, a significant increase in effort
will be directed toward improving and upgrading the data base.

Requisite thermodynamic values for aqueous species and solid phases
specific to nuclear waste that are reported in the literature will be
critically evaluated for instances where data are missing or inadequate for
modeling needs. In these instances, laboratory work will be conducted to
obtain that data. Full compatibility with the key values recommended by the
Committee on Data for Science and Technology (CODATA) task group and the
thermodynamic data base sponsored by the Nuclear Energy Agency (NEA) will be
developed. The validation of the data base will be carried out by comparing
the results of theoretical calculations using the EQ3/& package with
experimental results and field data.

The implementation of the aspects of the EQ3/6 package required to
adequately model radionuclide behavior will require other types of informa-
tion in addition to that currently contained in the thermodynamic data base.
This information includes kinetic rate constants, nucleation rates, and
sorption coefficients. When required by the modeling efforts supported by
EQ3/6, these data will also be evaluated and experimentally determined.

8.3.5.10.3.2.2 Subactivity 1.5.3.2.2: Develop geochemical modeling code

Objectives

The objective of this subactivity is to upgrade the EQ3/6 package to
model important chemical processes in a nuclear waste repository. These
codes will then be used in the other waste package modeling efforts (this
information need) to aid in design and interpretation of experimental work on
waste form degradation (Information Need 1.5.2, Section 8.3.5.10.2), to model
the behavior of radionuclides after release from the waste package (Infor-
mation Need 1.1.4, Section 8.3.5.13.4 and Information Need 1.5.5, Section
8.3.5.10.5), and to aid in the description of the waste package environment
(Information Need 1.4.2, Section 8.3.5.9.2 and Information Need 1.10.4,
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Section 8.3.4.2.4). Code documentation and verification will be done
concurrently with development.

Description

The following capabilities will be added to the EQ3/6 code package to
achieve the objectives:

1. Extend the geochemical flow model. The current flow model may be
used to examine the evolution of a packet of ground water as it
moves along a flow path. A different flow model is required to
model the interaction of a stationary object, such as the waste
form, with successive packets of water. This models the evolution
of the waste form (formation of precipitates and loss of soluble
elements), and provides solution compositions leaving the waste
package.

2. Extend the kinetics capabilities. The current capabilities will be
tested and modified to include the effects of nucleation and
substances inhibiting precipitation. Kinetic data will be
accumulated from published work, and the possibility of extracting
kinetic information from dissolution data will be examined and
implemented if appropriate. New kinetics data on important systems
will be collected as part of Subactivity-1.5.3.2.1.

3. Complete model for systems open to gases. The present fixed-
fugacity option will be upgraded to better model the expected
scenarios in Yucca Mountain. Currently, equilibrium with an
unlimited gas reservoir may be modeled. The option will be expanded
to permit modeling of closed systems containing varying amounts of
gas.

4. Upgrade the data base management programs. The data base handling
programs MCRT and EQTL will be upgraded to incorporate random
(direct) access storage of the data files, so that rapid checks of
data may be made. A capability to handle new temperature extrapo-
lation algorithms will be added. The required handling algorithms
for new data developed in the data base program will be developed
(e.g., kinetics, sorption, and nucleation data).

6. Extend solid solutions to include -site mixing concept. This
addition would make the modeling of intermediate-composition phases
more accurate and provide a better way to handle the substitution of
radionuclides into specific sites in minerals. The current method
calculates properties of intermediates using both ideal and nonideal
(as appropriate) mixing of end members. The new capability would-
deal explicitly with intrasite mixing (where an ion can occur on
miore than one site in a mineral) and will be selectively-applied to
cases-where substitutions result in structural changes in a mineral
that are not present in any end-member phases. -
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6. Add equilibrium sorption model. A model for sorption onto waste
package and repository materials is required-to adequately model
radionuclide concentrations in water and the migration of radio-
nuclides. A suitable model will be identified and incorporated into
the EQ3/6 code package. Sorption data available in the literature
will be adopted as appropriate. New sorption data on important
systems will be collected as part of Information Need 1.5.5 and
Characterization Program 8.3.1.3.

7. Extend the code for compatibility with other models. Because EQ3/6
is used in support of other modeling efforts, revisions or additions
for compatibility and flexibility may be required.

8.3.5.10.3.3 Activity 1.5.3.3: Generate models for release from spent fuel

8.3.5.10.3.3.1 Subactivity 1.5.3.3.1: Generate release for spent fuel
models

Objectives

The primary mechanism for the release of radionuclides from spent fuel
is via water that has come in contact -with the waste form through a breach in
a container. A few radionuclides such as carbon-14 (or krypton 85 in the
containment period) can 'be released in the gas phase in the absence of liquid
water. The objective of this activity is to develop models for the release
of radionuclides from the spent fuel waste form as a function of time using
the scenarios identified in Activity 1.5.3.1 of this issue. This development
will require the development of submodels for oxidation and radionuclide
release from spent UO fuel, the corrosion and failure rates of Zircaloy
cladding, and the reltase rate of radionuclides from nonfuel assembly parts.
These submodels will be based on the experimental data generated under
Information Need 1.5.2. The models developed in this activity will be used
in resolving both Issues 1.4 and 1.5.

Parameters

The parameters required for this activity are given in the combined list
for this information need. The most important input parameters are expected
to be the water contact rate and mechanism, water chemistry, temperature, and
time. The output parameter provided by this activity will be a model for
radionuclide release from the spent fuel waste form within breached
containers.

Description

Tests to determine the behavior of the spent fuel waste form under the
anticipated conditions at Yucca Mountain are described in Sections 7.4.3.1
and 8.3.5.10.2 (Information Need 1.5.2). These tests form the basis for the
modeling to be carried out under this activity. To extrapolate the observa-
tions made in the laboratory to the time scale for which the performance of
the repository must be specified to satisfy the 10 CFR Part 60 requirements,
it will be necessary to develop predictive models based on an understanding
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of the mechanisms'involved in the degradation of the waste form. Several
submodels will be generated describing the behavior'of each component of the
waste form that affects the release of radionuclides.

The largest reservoir of radionuclides in the waste form is the'spent
UO fuel, and the primary barrier to the release of radionuclides is the fuel
material itself. Thus, the most important submodel to be generated under
this activity is the one for the dissolution of and radionuclide release from
the spent fuel. This model will yield predictions of the concentration of'
radionuclides as a f unction of time in the ground water that has come in
contact with spent fuel. Analyses of the available data (Section 7.4.3.1.1)
indicate that the radionuclides of interest occur in two regions within the'.'
spent fuel, and are released at different rates, depending on the region.
One group of radionuclides is present within the UO fuel matrix, and
therefore has a release rate that is limited by the2dissolution of that
matrix. The other group of radionuclides is located both in the matrix and.
along fuel grain boundaries or in'the gap between the fuel pellets and the
cladding. The grain boundary and gap inventory of these nuclides is
typically 1-2 percent of their total inventory. This fraction is released
rapidly upon contact of the fuel by water. The latter group also includes
those that are present in a gaseous phase and can, therefore, be released
from a breached container even without the presence of water as a solvent and
transport medium. The submodels will account for all of these release
mechanisms.

Development of the submodel will be assisted by the use of EQ3/6 code
analyses. These analyses will provide insight into the role of solid phases
in determining the equilibrium solution concentrations of elements present in
sufficient quantity to saturate the ground water. The final submodel will
incorporate EQ3/6 calculations of the dissolution rate and solution con-
centrations of radionuclides of interest in performance assessment. The
usefulness of the EQ3/6 code to this effort is critically'dependent upon the
availability of good thermodynamic data for the chemical elements and satu-
rating phases of interest.

Since the transport of most radionuclides from spent fuel requires that
water come in contact with the'fuel, the presence of undefected cladding
would provide a second barrier (after'the container) between the fuel and the
environment. The failure rate of the cladding will have a large effect on
the release rate of the gap and grain-boundary inventory of the fuel as
discussed previously. A second submodel will be developed that will estimate
the failure rate of Zircaloy cladding as a function of time. This submodel
will incorporate the results of experimental tests aimed at identifying the
important modes of-corrosion resulting in failure of the cladding and the
rates of those modes. Mechanistic models of Zircaloy failure will be'
developed to extend the laboratory measurements to the time scale of the
repository isolation period.

The third submodel will quantify the oxidation rate of spent UO fuel
exposed to an atmosphere containing oxygen. Because the ground-wate?
infiltration rate at Yucca Mountain is low, if both the -container and
cladding fail, fuel may be exposed;.to the air for some time'before it is
contt.cted by water. 'The higher oxides of uranium may have different leaching
behavior than UOD. In addition, oxidation of fuel inslightly--defected
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cladding could lead to gross failure of the cladding due to expansion of the
fuel during oxidation. The oxidation submodel will be based on'the results
of oxidation experiments on spent fuel discussed in Information Need 1.5.2.
The oxidation rate of UO strongly depends on temperature; the model, there-
fore, will be time depeident. At some time after emplacement, the tempera-
ture of the fuel is expected to be sufficiently low that no significant
oxidation of the fuel will occur 'in the time available. After that time,
this submodel will not play an active role' in determining the release of
radionuclides from the waste form.

The fourth and final submodel will describe the' release of radionuclides
from cladding and other fuel assembly hardware (mostly Zircaloy, Inconel and
stainless steel).

The submodels will be combined to make a single model for the release of
radionuclides from the spent fuel waste form. Obviously, there will be
significant interactions between the submodels. For example, the release of
most radionuclides cannot occur until the fuel is exposed by cladding failure
and water contacts the fuel. Thus, the predictions of the Zircaloy submodel
must be used as input for''the submodel describing the release of
radionuclides'from the fuel.

8.3.5.10.3.4 Activity 1.5.3.4: Generate models for release from glass waste
forms

8.3.5.10.3.4.1 Subactivity 1.5.3.4.1: Generate release models for glass
waste forms

Objectives

The release of radionuclides from glass waste forms may occur if water
contacts a container that'has breached. The objective of this activity is to
design models for glass release based on the scenarios identified in Activity
1.5.3.1 (Section 8.3.5.10.3.1). The geochemical modeling codes described in
Activity 1.5.3.2 (Section 8.3.5.10.3.2) will be an important part of these
models. 'The models generated by this activity will provide estimates of
radionuclide release as a function of repository conditions and will be used
in resolving Issue 1.4 and this issue (1.5).

Parameters

The parameters required for this 'activity are given in the combined list
for this information need. The most important input'parameters are expected
to be water contact rate and mechanism, water chemistry, temperature, time,
and interactions with repository materials. The parameter provided by this
activity will be a model for radionuclide release from glass waste within
breached containers.

Description

The behavior of glass waste forms under the expected conditions at Yucca
Mountain is described 'in Section 7.4.3.2. The extension to long times of the
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semiempirical relationships discovered by laboratory testing cannot be made
without understanding the mechanisms involved and assessing the effects of
factors such as the slow buildup of crystalline layers. The model to be
developed will account for glass degradation and radionuclide release using
geochemically sound methods that incorporate expected perturbations in the
repository environment, and will be consistent with the existing laboratory
and natural analog studies.

Glass performance modeling will depend upon two basic concepts. First,
the rate of release from the thermodynamically unstable waste glass is a
kinetically controlled process. No formal equilibrium can exist. Second,
once components are released from glass, the formation of solids and
composition of fluids may be modeled by equilibrium processes. The final
outcome of these equilibrium processes will be modeled, providing important
limits on the behavior of radionuclides. In addition, the kinetics of these
processes may be modeled to provide more accurate estimates of radionuclide
concentrations in waste package fluids as a function of time throughout-the
life of the repository.

The model for glass degradation will incorporate the following items,
presented here-in the order in which they will be developed:

1. Calculation of the composition of the solutions that are in true
equilibrium with the solid phases that precipitate on the surface of
nuclear waste glasses.

2. Calculation of the rate of degradation of glass using kinetic rate
laws based on transition state theory, deriving rate constants from
experimental and natural-analog studies.

3. Calculation of the rate of formation of solid precipitates and the
concomitant rate at which radionuclides are permanently sequestered
in those stable phases.

4. Calculation of the effects of repository materials on the previously
stated items, including heAt-affected stainless steel from the pour
canister.

5. Calculation of the composition of fluids leaving a glass waste
package by combining the preceding items.,

In each item, the appropriate analytical expressions will be identified
from experimental work, from review of-the glass degradation literature, and
from geochemical modeling concepts incorporated in the EQ3/6 code..
Calculations will be performed using EQ3/6.

-Validation'of the, glass model will be done in two stages.. First, the
model will be-developed in concert with experimental work and will be tested
for its ability' to desc ribe accurately the 'experimental work. 'An important
aspect' of'this is the-use of modeling to aid, in understanding.the physical
processes important in glass degradation. Second, the results of long-term
modeling will be compared with extrapolations of laboratory data, and with
natural analogs. This second effort will both test the validity of the"model
and, more, importantly, examine whether the experimental workhas examined all
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the important geochemical interactions that are predicted to occur over long
periods of time.

8.3.5.10.3.5 Activity 1.5.3.5: Waste package performance assessment model
development

Three subactivities support this performance evaluation.

8.3.5.10.3.5.1 Subactivity 1.5.3.5.1: Development of system model

Objectives

The development of the system model for waste package performance
assessment is the subactivity that integrates into a single deterministic
model the submodels of processes that affect waste package releases. Models
for waste form degradation and radionuclide release will be combined with
mechanistic representations of waste package environment, waste package
design features and mechanical models, and container degradation models. The
resulting waste package system model will calculate (1) the performance-
related parameters used in evaluating compliance with Issue 1.4, substan-
tially complete containment (Section 8.3.5.9), and (2) the release rates of
radionuclides from failed waste packages as a function of scenario inputs,
for use in evaluating compliance with this issue and Issue 1.1.

The design objectives for satisfying Issue 1.4 recognize that among the
tens of thousands of waste packages there will be differences in individual
performance. The design objectives are set in terms of percent of waste
packages, or releases or release rates summed over the set of waste packages.
To reflect these differences in individual waste package characteristics in
the modeling, the deterministic system model can be executed a number of
times with different inputs. Alternatively, the probabilistic system model
may be used with inputs appropriate to the problem and to the use in issue
resolution, as discussed in the following paragraphs.

The design objectives for satisfying Issue 1.4 admit either a partially
probabilistic interpretation (with probability distributions of key input
waste package parameters supported by measurements to be done) or a determi-
nistic interpretation (with established distributions of key input para-
meters; for example, the heat loading per package could be established based
on the projected waste form characteristics). In either interpretation, the
approach to resolution of the issue will use only those distributions'that
are established or well supported by documentation or measurements. Other
input parameters that may have distributions will be represented by bounding
distributions or bounding values; the purpose of this is so that the. calcu-
lated result will be a bound on the true result. The calculated bound will
then be compared to the-limiting value set in the design objectives for the
issue.

The system model will be constructed from simplified submodels of the
processes affecting waste package life and performance. These submodels will
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be derived from studies performed under this investigation as well as those
satisfying needs under Issues 1.4 (Section 8.3.5.9) and 1.10 (Section
8.3.4.2). They will be derived through sensitivity analysis of the processes
modeled, and therefore will be composed of relationships incorporating the
most sensitive parameters. Each submodel will be subjected to verification
and validation exercises.

Parameters

The system model will combine the submodels to calculate waste package
integrity as a function of time, before and up to containment failure. After
failure, release rates will be determined for each radionuclide. This model
will produce deterministic predictions of radionuclide release for a set of
parameters describing a given scenario. The submodels that make up the
system model will include the following models (refer to the listed infor-
mation needs and sections for parameters of the models):

1. Waste package geometry and thermal/mechanical properties.

a. Waste package geometry

i. Waste package and borehole configuration and dimensions
(Information Needs 1.10.2 and 1.10.3 in Sections 8.3.4.2.2
and 8.3.4.3.3, respectively)

ii. Waste package contents (materials, mass, elemental and
isotopic composition) (Information Needs 1.10.2 and 1.5.1 in
Sections 8.3.4.2.2 and 8.3.5.10.1, respectively)

iii. Changes to waste package geometry over time.

b.i Radiation (Information Needs 1.5.1 and 1.10.2 in Section
8.3.4.2.2 and calculations as part of this activity,
respectively).

i. Gamma ray source..-
ii. Gamma ray attenuation.

iii. Heat source from radioactive decay.

c. Beat transfer (thermal) (Information Needs 1.5.1, 1.10.2, and
1.10.4 in Section 8.3.4.2.2, Section 8.3.4.2.4, and calculations
as part of this subactivity, respectively).

i. Heat transfer from waste forms to host rock, temperature
field effects.

d. Mechanical (Information Needs 1.5.1,-1.10.2, and 1.10.4 in -
Section 8.3.4.2.2, Section 8.3.4.3.4,- and calculations as part
of this subactivity, respectively).

i. Loads (external, internal, thermal).
- ii.- Yielding (ductile abd brittle failure).

.. .**
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2. Container degradation (corrosion) (Information Needs 1.4.2 and 1.4.3
in Sections 8.3.5.9.2 and 8.3.5.9.3, respectively).

a. Corrosion modes in aqueous conditions.
b. Corrosion modes in unsaturated conditions.

3. Water package environment (ground water movement and chemistry)
(Information Need 1.10.4 in Section 8.3.4.3.4).

a. Flow surrounding the engineered barrier system.

b. Flow mechanisms for water contacting the waste package.

c. Flow mechanisms for water-within the waste package after loss of
containment.

d. Water volume available for contact with waste package and
waste form.

e. Transport in near-field host rock.

f. Temperature in host rock at borehole wall.

4. Radionuclide release from waste forms (this activity).

a. Spent fuel waste form.
b. Glass waste form.

Description

The system model will be constructed in a computationally efficient
manner so that a set of scenarios and conditions sufficiently large to span
the range of anticipated and unanticipated events can be considered. After
formulation and initial testing of the system model is complete, verification
and validation exercises will be performed on the system model as a whole.
Verification exercises will concentrate on the numerical accuracy of the
logic linking together the system model components. Validation of the system
model, in the sense of comparing system model output to experiments that
represent an integration of the processes expected to be active in the repos-
itory, will not be possible because of the long time scales required. There-
fore, validation of the system model will be performed ultimately by peer
review.

8.3.5.10.3.5.2 Subactivity 1.5.3.5.2: Development of uncertainty
methodology

Objectives

Because of heterogeneities in the environment and in components of the
waste package, deterministic calculations of performance alone may not
suffice to provide resolution of Issue 1.4 and this issue and to provide the
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reasonable assurance standard required by the NRC. Therefore, a method for
analyzing waste package performance that addresses these uncertainties must
be developed. The objective of this study is to develop such a method so
that the performance assessment calculations for the waste package will
provide probability distributions for individual package and ensemble per-
formance parameters, incorporating these uncertainties in conditions and
package parameters.

With appropriate structuring of the questions and input distribution
values, the uncertainty methodology can be used to answer these types-of
questions: (1) how does the performance of the different individual waste
packages roll up to form the performance of the set of waste packages, to be
compared to regulatory requirements and (2) what are the probability dis-
tributions of the performance measures of the set of waste packages. The
answer to the latter question can provide a part of the support for a
reasonable assurance that the performance requirements will be satisfied. A
third type of question is what are the probability distributions for the
release rates over time of radionuclides from the waste package. this last
answer will be provided to Issue 1.1 to help resolve that issue of the EPA
limit on cumulative releases to the accessible environment. That EPA
requirement is stated in explicitly probabilistic terms.

Parameters

The input parameters are the same as those developed under Sub-
activity 1.5.3.1.1 (Section 8.3.5.10.3.1.1). The output parameters are
cumulative distribution functions for performance measures and for radio-
nuclide release from the engineered barrier system as a function of time.

Description

'The uncertainty methodology will use the deterministic system model as a
means to predict performance from a given parameter set. Through appropriate
sampling procedures, parameter sets will be assembled that represent the
anticipated and unanticipated events, as well as variations in waste package
components. Examples of this overall approach include the Latin Hypercube
and Monte Carlo methods. By repeatedly computing performance with the system
model for the sample of inputs, representative probability distributions for
release performance may be computed. Because the number of sensitive para-
meters affecting waste package performance is not expected to be small, the
number of performance calculations using the system model is expected to be
very large, perhaps several thousand simulations. Therefore, the derivation
of a practical- but representative sampling method 'is central to prediction of
release distributions.

The uncertainty methodology will be part of the waste package perfor-
mance assessment model. Therefore; verification and validation of the -
methodology will be required. After development',- verification exercises will
be conducted to ensure the mathematical accuracyiof the methods. Validation
of the model will be accomplished by validation of the system model and
through other means as -available. As for the system model, the final
validation of the uncertainty model will be performed through peer review.
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8.3.5.10.3.5.3 Subactivity 1.9.3.5.3: Water flow into and out of a breached
container

Objectives

Although the capillary barrier of the unsaturated zone 'will normally
prevent liquid -water from contacting the waste container, under some con--
ditions water flow in the unsaturated zone can result in several mechanisms
for water contact with the container. The most likely mechanism for expected
flow rates is by wicking from the partially saturated rock where the con-
tainer is in-direct contact with the rock. A second possible mechanism,
which would operate at higher flow rates, would be by dripping of water from
a fracture onto the container. The objective of this activity is to deter-
mine what fraction of the 'water that drips onto a container would enter the
container through a breach in the container wall.

Parameters

Input parameters for this. subactivity include the following:

1. Water drip rates
2. Water temperature.
3. Container orientation.
4. Container breach location.
5. Container breach geometry.-

The output parameter will be water flow rates into and out of a failed
container and quantity of water that can accumulate in-a failed container.

Description

Experiments will be conducted under this subactivity to determine the
effect of each of the parameters- on the fraction of water that drips onto a
container but does not enter a breach 'in the container. The initial experi-
ments will be conducted using small metal cylinders that contain a well-
characterized defect that has been intentionally induced into the cylinder.
The fraction of water that enters through the breach will be determined as a
function of breach size, breach location, drip rate, and orientation of the
container (and breach) relative to the water source. Results of these
experiments will be modeled to predict how the results should scale with
size. On the-basis of the results of the model calculations,'some larger
scale tests will be designed and executed. The effect of water temperature
will be studied in.a separate series of experiments using one or two config-
urations selected to be most probable for the repository situation.-

The information developed in the study will be used in the determination
of the concentration'-of radionuclides in solution in failed containers, dilu-
tion factors, and-release rates of radionuclides from the engineered barrier-
system for anticipated and unanticipated processes and events (Information
Need 1.5.4, Section 8;3.5.10.4). These results in the form of distributions
of releases will form a part of the source term for calculation for total
system performance assessment conducted to satisfy Information Needs 1.1.5
and 1.1.6 (Sections 8.3.5.13.5 and 8.3.5.13.8).
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8.3.5.10.3.6 Application of results

The activities and information needs discussed in this section, along
with their subject and SCP section number, are as follows:

Activity or
information need Subject- SCP section

1.1.5 Probabilistic release assessments 8.3.5.13.5

1.5.4 Release rates from waste package and 8.3.5.10.4
engineered barrier system

1.5.5 Radionuclides leaving waste package 8.3.5.10.5
near-field environment

1.10.4 Description of near-field environment 8.3.4.2.4

1.6.3.1 Integrate scenarios for release 8.3.5.10.3.

1.5.3.2 Develop geochemical speciation and 8.3.6.10.3.
reaction model

1.5.3.3 Release model for spent fuel 8.3.5.10.3.

1.5.3.4 Release model for glass waste forms 8.3.5.10.3.

1.5.3.5 Waste-package performance assessment 8.3.1.10.3.-
modeling

The information developed in Activity 1.5.3.1 will be used by
Activities 1.5.3.3, 1.5.3.4, and 1.5.3.5.

The information in Activity 1.5.3.2 will also be used by Activities
1.5.3.3, 1.5.3.4, and 1.5.3.5 and for Information Needs 1.1.5 and 1.10.4.'

The information in Activity 1.5.3.3 will be used by Activity 1.5.3.'5
and Information Need 1.5.5.

The information in Activity 1.5.3.4 will be used by Activity 1.5.3.5
and Information Need 1.5.5.

The information developed in Activity 1.5.3.5 will be used in the
determination of the release rates of radionuclides from the engineered
barrier system for anticipated and unanticipated processes and events
(Information Need 1.5.4). These results in the form of distributions of
releases will form a part of the source term for total system performance
assessment calculations conducted to satisfy Information Needs 1.1.5 and
1.1.6 (Sections 8.3.5.13.5 and 8.3.5.13.6).

I
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8.3.5.10.3.7 Schedule a-nd milestones

This information need, addressing the development of scenarios and models
to predict releases from the waste package and engineered barrier system
(1.5.3) contains five activities: 1.5.3.1 (integrate scenarios for release
from waste package), 1.5.3.2 (develop geochemical speciation and reaction
model), 1.5.3.3 (generate models for release from spent fuel), 1.5.3.4
(generate models for release from glass waste forms), and 1.5.3.5 (waste
package performance assessment model development). In the figure that
follows, the schedule information for these activities is presented in the
form of timelines. The timelines extend from implementation of the activity
to the issuance of the final products associated with the activities. Summary
schedule and milestone information for this information need can be found in
Section 8.5.2.2.

This information need involves modeling. The modeling progresses in
parallel with other activities under Issue 1.5. There will be frequent
transfers of information among the parallel activities until resolution of the
issues.

Activities in this
other program elements.
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The activity numbers and titles corresponding to the timelines are shown
on the, left of the preceding figure. The points shown on the timelines
represent major events or important milestones associated with the activities.
Solid lines represent activity durations and dashed lines show interfaces.

Point
number Description

1 Input received from Information Need 1.4.5 on time of container
failure.

2' Scenarios supplied from total system calculations by
Information 1.1.2.

3 Information required to calculate release scenarios for
. anticipated and unanticipated events available.

4 Milestone P332. Issue revised EQ3/6 data base..'

5 Milestone P333. Issue draft EQ3/6 user's manual update.

6 Milestone M399. Issue final EQ3/6 user's manual.

7 Milestone P334, Issue final EQ3/6 data base.

8 Input received from Information Need 1.5.2 on spent fuel
dissolution. .

9 Milestone M012. Complete modeling of expected long-term
performance of spent fuel waste forms under repository
conditions to support draft environmental impact statement
(DEIS).

10 Complete modeling of expected long-term performance of glass
waste forms under repository conditions to support DEIS.

11 ' Milestone T065. Complete and document waste package -
performance analysis codes. .

i2 Milestone T076. IComplete waste package performance assessment
code verification and validation.,

13' Output performance assessment models to Information Need 1.5.4
for calculation of release rates.
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8.3.5.10.4 Information Need 1.5.4: Determination of the release rates of
radionuclides from the waste package and engineered barrier
system for anticipated and unanticipated events

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The bases for the models required--to perform these calculations have-
been discussed in Section 7.4.5. The studies that develop data, parameters,
and models necessary to perform the calculations are described in
Sections 8.3.4, 8.3.5.9, and 8.3.5.10.

Parameters

Parameters needed for the calculation of waste package releases include

1. Waste package design (Information Need 1.10.2; Section 8.3.4.2.2).

2. Waste package design features affecting radionuclide release
(Information Need 1.5.1).

3. Waste package system model and uncertainty methodology (Information
Need 1.5.3).

4. Release scenarios for anticipated and unanticipated events
(Information Need 1.5.3).

5. Performance of the waste forms under the scenarios in item 4
(Information Need 1.5.2).

6. Probability distributions for system model inputs (Information Need
-1.5.3).-

Logic

After the scenarios for release resulting from anticipated and unantici-
pated events have been assembled and the models for predicting release have
been developed, verified, and validated, releases from the engineered barrier
system may be calculated. These releases will be calculated for each radio-
nuclide using both deterministic and uncertainty models. These releases will
form the source term to be provided to the analyses for the total system
performance assessment. Further, during the earlier waste package design
phases, these integrated performance calculations will provide input to later
waste package designs.

Two activities will be performed under this information need. The
activities will respectively exercise the deterministic system model and the
uncertainty methodology developed for waste package performance assessment in
Section 8.3.5.10.3.

<-'
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8.3.5.10.4.1 Activity 1.5.4.1: Deterministic calculation of releases from
the waste package

Objectives

The objective of this activity is to use the waste package system model
developed in Activity 1.5.3.5 (Section 8.3.5.10.3.5) to predict waste package
performance using the scenarios developed in Activity 1.5.3.1 (Section
8.3.5.10.3.1).

Parameters

The input parameters.needed for this activity are given in the combined
list in the technical basis section for this information need. The output
parameters obtained are the predicted waste package release performance under
specified scenarios.

Description

The calculations of waste package performance will be made in three
phases: (1) for the design concepts discussed in Section 7.3, (2) for the
advanced conceptual design, and (3) for the license application design. The
later phases will use modeling concepts developed in the previous phases, and
therefore are difficult to discuss at this point. However, it is likely that
analyses in all phases will incorporate many of the same elements.

The analysis' of waste package designs will proceed by assembling sets of
model input parameters developed in Information Need'1.5.3 and executing the
system.model to obtain predictions of waste package release. Releases will
be calculated for scenarios that represent both anticipated and unanticipated
events. Some of the calculations will represent bounding performance
calculations, but the bulk'of the analyses will support the uncertainty
analysis required for probabilistic calculation of releases. In addition, in
the earlier phases of waste package designs, information developed in the
system model calculations will be available as input to later design phases.

8.3.5.10.4.2 Activity 1.5.4.2: Probabilistic calculation of releases from
the waste package

Objectives

Because of heterogeneities in both the environment and components of the
waste package, deterministic calculations of performance alone may not be
sufficient to provide the performance measure for the set of waste packages.
for this issue and to support the reasonable assurance standard required by
the NRC. The objective of this activity is.to provide a probabilistic
analysis of waste package performance addressing these uncertainties and the
probability distribution of release rates.for.use in Issue 1.1 (Section
8.3.5.13), using the uncertainty model developed in Activity 1.5.3.5 (Section
8.3.5.10.3.5).
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Parameters

The input parameters needed for this activity are given in the combined
list in the technical basis section for this information need. The output
parameters obtained are cumulative distribution functions for radionuclide
release rates from the engineered barrier system as a function of time, and
for the maxima over time of the annual release rates.

Description

The uncertainty methodologies developed in Activity 1.5.3.5 will be
employed using the system model to assess the reliability of waste package
release predictions. This task will be accomplished in concert with the
phases of system model development and application. The exact procedure to
be followed in these analyses is partially the subject of activities under
Activity 1.5.3.5. However, the most likely approach will be to exercise the
system model for a range of model inputs selected by a procedure for sampling
from distributions of input random variables. From the system model
simulations it will be possible to construct the probability distributions
for engineered barrier system releases required by the reasonable assurance
standard.

The uncertainty calculations will be performed for each of the design
phases although they are only required for the license application design
analysis. This procedure will allow testing on the early design phases and
modification of the methodology during later phases. At least two types of
uncertainty will be addressed. First, the uncertainty in the predicted
release rates as a result of uncertainties in the fabrication and environment
of the waste package will be calculated. Then the secondary uncertainty,
that is the confidence in the best estimate of complementary cumulative
distribution function for releases, will be assessed. Together with the
deterministic simulations for bounding case releases, these results will
provide a source term for total system performance assessment and will
support the reasonable assurance standard set by the NRC.

8.3.5.10.4.3 Application of results

The releases calculated in these studies provide resolution of this
issue (1.5). They will also be used as input to the resolution of issue 1.4,
the studies under Information Need 1.5.5 and as input to total system
performance assessment performed under Issue 1.1 (Section 8.3.5.13).

8.3.5.10.4.4 Schedule and milestones

This information need, addressing releases from the waste package and
engineered barrier system, contains two activities: 1.5.4.1 (deterministic
calculation of releases from the waste package), and 1.5.4.2 (probabilistic
calculation of releases from the waste package). In the figure that follows,
the schedule information for these activities is presented in the form of
timelines. The timelines extend from implementation of the activities to the
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issuance of the final products associated with the activities. Summary
schedule and milestone information for this information need can be found in
Section 8.5.2.2.

This information need involves calculations using both deterministic and
uncertainty models developed in Information Need 1.5.3 to determine releases
from the engineered barrier system. These activities are progressing in
parallel with other activities in Issue 1.5. There will be frequent
transfers of information among the parallel activities until resolution of
the issue.

Activities in this information need are not currently constrained by
other program elements. However, as the activities progress, interfaces with
other activities under this issue will become more important.

The activity numbers and titles corresponding to the timelines are shown
on the left of the following figure. The points shown on the timelines
represent major events or important milestones associated with the
activities. Solid lines represent activity durations and dashed lines show
interfaces. I

PERFORMANCE
ASSESSMENT
ACTIVITY .

Start advanced
conceptual design

. (ACD)
I 1 2

v

Complete ACD.
Start license application

design (LAD)
Complete waste
package LAD

s1 6
44V1.5.4.1

Deterministic
calculations

1.5.4.2
Probabilistic
calculations

1 ~~~~~~2 3 5 6
yr_ -- IV Ty

Il a I a I a

TIME
8.3.5.10.4. - MANUAL

Point
number

1

Description -

Milestone M260. Issue report on preliminary-long-term waste
'package performance assessment for waste package conceptual
designs.

2

3

Milestone M263. Complete
for advanced conceptual

1. .

waste package performance assessments
-<designi (ACD).' -

Milestone M268. Complete waste package performance assessments
for license application design.
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4 Output release calculations to Issue 1.4 (containment by waste
package), Information Need 1.5.5 (radionuclides leaving
near-field of waste package), and Issue 1.1 for total system
release calculations.

5 Milestone M273. Issue final report on license application
design waste package performance assessment, regulatory
performance of aggregate of waste packages, and reliability
in meeting repository requirements and waste package
radionuclide source term.

6 Milestone IR02. Preliminary issue resolution report addressing
the performance objective for controlled radionuclide release
by the engineered barrier system.

8.3.5.10.5 Information Need 1.5.5: Determination of the amount of radio-
nuclides leaving the near-field environment of the waste package

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Section 7.4.1 discusses the fluid flow model to be developed in
Information Need 1.10.4. The model validation efforts are also discussed in
Section 7.4.1 and collected in studies under Information Need 1.10.4. Data
acquisition for radionuclide transport properties was begun in FY 1986. No
published results were available at the time of the writing of Chapter 7.

Parameters

The data needed for determination of the amount of radionuclides leaving
the near-f ield environment of the waste package are

1. Scenarios for release events (Information Need 1.5.3).

2. Hydrologic parameters for host rock (Investigation 1.13.2 (Section
8.3.1.2.2) and Information Need 1.10.4 (Section 8.3.4.2.4)).

3. Waste package environment tests (Information Need 1.10.4, Section
8.3.4.2.4).

4. Near-field flow and transport model (Information Need 1.10.4).

5. Radionuclide release predictions (Information Need 1.5.4, Section
8.3.5.10.4).

The output parameters are transport properties of radionuclides and
radionuclide concentrations in the near-field environment.
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Logic

The purpose of this investigation is to provide a source term for use in
the-100,000-yr comparison among sites required by 10 CFR 960.3-1-5.

Several processes may act locally to retard the movement of waste in the
first few meters of host rock after the radioactive material is released from
the engineered barrier system. These processes include sorption mechanisms
and, under some conditions, matrix diffusion. Depending on the scenario for
transport from the waste package, either or both of these processes may be
effective for many waste species.

The source term derived from the release calculations performed for
Information Need 1.5.4 will not account for sorption and matrix diffusion
effects occurring in the first few meters of rock surrounding the waste
package, without modification of the waste package environment component to
account for these effects. Flow and transport calculations will be made as
described in Information Need 1.10.4 (Section 8.3.4.2.4) to include the-
hydrologic and geochemical environment immediately surrounding the waste
package. These calculations are required to understand the boundary condi-
tions required for the reliability analysis of the waste package. These
calculations will not, however, include the transport of radionuclides
through the near-field rock following release from the waste package.

To perform these calculations, parameters describing transport mecha-
nisms active in the near-field environment must be determined. These
parameters include the formation and transport properties of radionuclide-
containing colloids, radionuclide solubilities in repository ground water,
diffusivities of waste species, and effective partition coefficients for
waste species in Topopah Spring tuff. The colloid and solubility data will
be developed in activities described in Information Need 1.5.3 and Investi-
gation 1.14.5 (Section 8.3.1.3.5). Laboratory measurements'of apparent
diffusion coefficients and distribution coefficients for radionuclides will
be done using rock wafers and rock cores. The wafers are rock samples that
have been part of waste form dissolution tests discussed in the following
section. The effect of transport scale on transport processes will be
studied by using different size rock cores.

8.3.5.10.5.1 Activity 1.5.5.1: Determine radionuclide transport parameters

This activity will measure the distribution of actinides and fission
products -in rock samples. . The rock samples will be'subjected to contact with
radionuclides under a variety of conditions so that the effects of degree of
saturation and transport scale can be evaluated. Two subactivities support
this analysis.
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8.3.5.10.5.1.1 Subactivity 1.5.5.1.1: Radionuclide distribution in tuff
wafers

Many of the waste-form dissolution tests include pieces of the Topopah.
Spring tuff in the test solution. These tuff pieces are included to deter-
mine the effect of the presence of rock on the dissolution rate of the waste
form. The rock sample is, therefore, sitting in a solution of dissolved
waste form and simulates the condition where local saturation of a portion of
the repository occurs. For long-term tests, the solution concentrations are
relatively constant, 'and the test conditions approximate those of steady-
state diffusive flow. At the conclusion of the test, the rock wafer is
examined with an ion microscope to determine the location of the radionu-
clides as a function of depth in the sample. A brief description of the
method and some preliminary results are in the paper by Phinney et al.
(1986). The position of the radionuclides in the wafer can be combined with
the test duration to calculate the effective diffusion rate for the
radionuclide. The concentration of the radionuclide at the surface of the.
rock can be combined with the solution concentration to give an effective
distribution coefficient. The shape of the diffusion profile near the
surface of the'rock can'be used to assess whether sorption or precipitation
are controlling the retardation process.

8.3.5.10.5.1.2 Subactivity 1.5.5.1.2: Radionuclide distribution in tuff
cores

The tuff-wafer experiments just discussed only examine transport on a
small scale (a few micrometers) and under saturated conditions. 'To determine
the effects'of transport scale on transport properties, tuff core samples are
being used. Solutions of radionuclides are forced through the core sample at
a fixed water-flow rate. The water flow is monitored using tritium. Solu-
tions of other radionuclides are compared with the flow rate for tritium
to determine retardation parameters. Plans to evaluate retardation proper-
ties as a function of'water flow'rate and solution composition are in the
development stage.

Transport properties may also be a function of degree of saturation of
the rock. To investigate this possibility, the tuff core experiments will be
modified to allow for unsaturated flow. In these experiments the effects of
flow rate and degree of saturation will be studied. The goal is to develop a
sufficient understanding of the unsaturated flow properties to allow coupling
of these experiments with the unsaturated flow studies described in Infor-
mation Need 1.10.4 (Section 8.3.4.2.4). This will allow monitoring of water.
movement with resistivity imaging'techniques (the impedance camera), tracking
of solute transport by the'radioactivity (for gamma emitters), and finally,
location of the radionuclide distribution in the rock using the ion
microscope.

8.3.5.10-76



CONSULTATION DRAFT

8.3.5.10.5.2 Activity 1.5.5.2: Radionuclide transport modeling in the
near-field waste package environment

This activity will use the flow and transport model for hydrologic
representation of the neat-field host rock developed under Information Need
1.10.4 (Section 8.3.4.2.4). The model will be validated using data from
integrated testing activities and tracer tests planned in the exploratory
shaft.

8.3.5.10.5.2.1 Subactivity 1.5.5.2.1: Validation of near-field transport
model using laboratory and field experimental data

The hydrothermal-flow and transport model developed for detailed
analysis of the near-field waste package environment will require validation
before it is used to determine releases-from the near field. This sub-
activity will provide model validation by comparison to hydrothermal tracer
experiments performed on laboratory core samples', and in situ tracer
experiments currently planned for the exploratory shaft (Section 8.3.4.2).
In performing these comparisons, split sample techniques will be used to
provide for both model:calibration and validation.

8.3.5.10.5.2.2 Subactivity 1.5.5.2.2: Application of near-field transport
model to waste package releases

After model validation, the near-field flow and transport model will be
applied to simulate transport of radionuclides through the first fewrmeters
of rock surrounding.the waste package. Predictions of, package release from
the waste package system model will be used as the source term. Particular
attention will be given to the effects'of sorption processes and diffusion of
material into the matrix. The interaction of flow in the rock matrix and
flow in fractures is expected to be an important factor in assessing poten-
tial transport paths for radionuclides. The degree of importance of fracture
flow will be coupled to the scenarios examined in Section 8.3.5.10.4. Final
results of these calculations will determine the most likely source term for
total system performance calculations.

8.3.5.10.5.3 Application of results

The results of this analysis will be applied to determine the effects on
the radionuclide source term caused by the host rock in the immediate vicin-
ity of the waste package. There are two.methods by which this may be
accomplished. The'first is to modify the waste package source term calcu-
lations (Section 8.3.5.10.3) to account for sorption and precipitation
processes active in the host rock immediately surrounding the waste package.
The second is to examine the possibility of using the results of the .present
investigations to modify the calculation of releases.within the waste package
system model to account for the retardilng processes active in the host rock.
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The point at which the application is made does not affect the structure or
schedule for the activities.

The purpose of this information need is to provide a source term for use
in the 100,000-yr comparison among sites as required by 10 CFR 980.3-1-5.

8.3.5.10.5.4 Schedule and milestones

This information need, addressing the amount of radionuclides leaving
the near-field *aste package environment, contains two activities: 1.5.5.1
(determine radionuclide transport parameters), and 1.5.5.2 (radionuclide
transport modeling in the near-field waste package environment). In the fig-
ure that follows, the schedule information for these activities is presented
in the form of timelines. The timelines extend from implementation of the
activities to the issuance of the final products associated with the activi-
ties. -Summary schedule and milestone information for this information need
can be found in Section 8.5.2.2.

This information need involves experimental work, modeling, and analyses
to determine the transport mechanisms and predict the amount of radionuclides
leaving the near-field environment of the waste package. The activities pro-
gress in parallel with other activities under Issue 1.5. There will be fre-
quent transfers of information among the parallel activities until resolution
of the issue.

Activities in this information need are currently not constrained by
other program elements. However, as the activities progress, the interfaces
with other activities become more important.

The activity numbers--and titles corresponding to the timelines are shown
on the left of the following figure. The points shown on the timelines
represent major events or important milestones associated with the activi-
ties. Solid lines represent activity durations and dashed lines show inter-
faces.

PERFORMANCE Start advanced Complete ACD
ASSESSMENT conceptual design Start license
ACTMITY (ACD) application design

1.5.5.1 __
Radionu-
clide
transport (D
parameters 2 4

1.5.5.2 _
Transport
modeling
(near field)

I. lI - I 8 I34

TIME 8351054VA
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Point
number Description

1 Provide output to unsaturated flow studies ih Issue 1.10,
Information Need 1.10.4.

2 Milestone W260. Complete local flow and transport model.

3 Output preliminary information on source term to Information
Need 1.5.3 and to Issue 1.1 for total system calculation.

4 Milestone P204. Issue final report on near-field radionuclide
source term.
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8.3.5.11 Plans for assessing seal system performance

The seal system is composed of the shafts and ramps, exploratory
boreholes and their seals, and the sealing components associated with the
underground facility. The portions of 10 CFR Part 60 that are related to the
shafts, boreholes, and their seals are Sections 60.134(a) and (b). Section
60.113 relates a performance criterion on the engineered barrier system.
Because the engineered barrier system comprises the waste package and the
underground facility, the seals in the underground facility are indirectly
affected by this performance criterion. The approach to establishing the
performance goal for the NNWSI Project seal program is described in Section
8.3.3.2 of this document. The approach and plans for assessing the perform-
ance of seal designs is described in the following.

Figure 8.3.5.11-1 illustrates the overall logic currently being used to
arrive at seal designs that can achieve a desired level of performance. This
figure also correlates the six steps in the NNWSI Project repository seal
program with these design- and performance-related efforts. These steps are
defined in the following paragraphs and are presented in more detail
elsewhere (Fernandez, 1985) and in Section 8.3.3.

The first four steps are performed during advanced conceptual design and are
as follows:

1. Assess the need for sealing.

2. Define the performance goals and design requirements.

3. Measure material properties.

4. Define sealing designs, assess the performance of these designs, and
select the suitable sealing designs.

The last two steps are performed during the license application design:

.5. Perform laboratory analyses and field testing, if required.

6. Reassess the performance of sealing designs (including reallocation
of performance,.if needed) and select the suitable design.

The focus of this section is to briefly summarize plans for assessing
the performance of sealing components. Section 8.3.3 provides more expla-
nation of planned seal performance analyses and information on (1) type of
seal, (2) function of seal, (3) location of seal, (4) physical process by
which the seal functions, (5) material properties key to seal performance,
(6) performance measures for the seal, (7) goals and desired confidence. The
remainder of this section summarizes the broad outline of the overall strat-
egy and the plans for assessing seal performance. A preliminary evaluation
of the performance of sealing components will be made as part of step 2. In
this step, design options will be rank ordered considering the relative
performance of the evaluated design options and the ease in meeting the goal.
The logic to be used in this step is presented in Figure 8.3.5.11-2. A
detailed evaluation of the performance of sealing components will be made
while developing the license application design (LAD). This evaluation will
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Figure 3.511-1 Flowchart illustrating the approach for answering the performance-related questions (modfied
from Fernandez, 1985).

8.3.5.11-2



CONSULTATION DRAFT

SELECT PREFERRED PERFORMANCE .
GOAL ALLOCATION AND DESIGN .

OPTION

Figure 8.3.5.11-2. Logic to select perferred performance goals for seal program.
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consider initial and altered seal material properties. To establish these
altered properties it will be necessary to evaluate how the initial material
properties are altered by processes and events.

The effect of designs on performance will also be evaluated. Following
the reassessment of performance, it may be determined that reallocation of
the performance goals is desired. For instance, if the performance goal is
only marginally achieved, it may be prudent to reallocate performance or
change the design that was evaluated. If the performance goals can be
achieved, then the designs evaluated will be proposed as part of the LAD.
Additional verification activities may be required if, through the parametric
analyses, it can be shown that a higher degree of confidence is required to
achieve the performance goal. This higher degree of confidence can be
achieved through laboratory, field testing, or both. A reassessment of the
designs will be made using the data obtained through verification testing.

The strategy used-in the sealing program to evaluate performance of
sealing components is to use analytical solutions in a sensitivity analysis
and, when appropriate a combination of numerical and analytical models. The
numerical and analytical approaches used to date are in Section 6.4.3.1. It
is anticipated that no new fluid-flow codes will be required specifically for
use in the seal program Rather, codes that are being developed, verified,
and validated for use in other hydraulic performance analyses needed for the
NNWSI Project will be used for sealing analyses. Input to verification and
benchmark problems will be made by the seal program to ensure the
applicability of the codes to the seal environment.

The following subtasks will be performed in evaluating the performance
of the sealing system:

1. Develop the following matrices for the materials and designs speci-
fied in the advanced conceptual design report:

a. Events versus processes. (Which likely natural events initiate
or enhance processes affecting seal system performance?)

b. Processes (static, dynamic, and man-induced) versus failure
mechanisms. (Which processes contribute to specific failure
mechanisms?)

c. Failure mechanisms versus potential materials and designs.
(Which materials or designs will resist, partially resist, or
will not resist specific failure mechanisms?)

2. Use the results from the following laboratory and field testing to
develop models for use in assessing seal performance:

a. Laboratory tests to evaluate the following:

- (1) Alteration-of sealing materials (cementitious materials) in
contact with tuff.
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(2) Consolidation behavior of mined tuff as a function of
particle size distribution (this mined tuff will be
obtained from the excavation of the exploratory shaft).

(3) Early curing behavior of cementitious materials.

(4) Durability of concrete emplaced on the ground surface.

b. Field tests of the Topopah Spring Member and the tuffaceous beds
of Calico Hills to evaluate the hydrologic behavior of these
units (described in Section 8.3.1.2, geohydrQlogy program).

3. Use the matrices developed in part (1) together with potential
scenarios to predict the alteration of seal performance.

4. Calculate the effect of the postclosure sealing system on radio-
nuclide release. This effort will be coordinated with the total
system performance assessments (Section 8.3.5.13) for a repository
at Yucca Mountain.
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B.3.5.12 Issue resolution strategy.for Issue 1.6: Will the site meet the
performance objective for pre-waste-emplacement ground-water travel
time as required by 10 CFR 60.113?

Regulatorv basis for the issue

.One of the NRC performance objectives for high-level waste repositories'-
is stated in 10 CFR 60.113(a)(2) as

The geologic repository shall'be-located so that pre-waste-emplacement
ground-water travel time.along the fastest path of likely radionuclide

' travel from the disturbed zone to the accessible environment shall be at':'
* least 1,000 years or such other time as may be approved or specified by

the Commission.

The disturbed zone has been defined qualitatively in 10 CFR 60.2 as

That portion of the controlled area the physical or chemical properties
of which have changed as a result of underground facility construction
or as result of heat generated by the emplaced radioactive wastes such
'that the-resultant change of properties may have a significant effect on

'. the.performance of the geologic repository.

-The -accessible-environmenthas.been defined in 10 CFR 60.2 to mean
(1)'the atmosphere, (2) the land surface, (3) surf ace water, -.(4) oceans,
(5) the portion of the lithosphere that is 'outside the controlled area.

The-controlled'area, defined in 40 CFR 191.12(g), means

(1) -A surf ace location, to be identified by p.assive'institu-
tional controls, that encompasses no more than'100 square kilo-
m- meters and extends horizontally no more than five kilometers in any

- direction from the'outer boundary of the original location of the
radioactive wastes in a disposal system, and (2) the subsurface
underlying such.a-surface location. -

and '

The current reference locations of the. boundaries of the disturbed zone'
and accessible environment at Yucca Mountain'are- subject to change.and are
established now only to provide a.planning basis for. a site specific approach:.
to resolution of this issue. ''Solely forthe purposesof this discussion, at.
distance of 50 m below the midplane of the repository is used as the boundary
of the disturbed zone (see Section 8.3.5.12.5 for discussion of plans for
defining a more formal boundary of the-disturbed eone). A preliminary
definition of the boundary of- the accessible environment, taken from Rautman
et al. (1987), 'is shown in Figure 8.3.5.12-I. 'The final definition of the
boundary of the accessible environment will be determined by Subactivity
1.6.3.1.2 (Section 8.3.5.12.3.1.2):. -

Activities within this issue will support a determination of the distri-
bution of pre-waste-emplacement ground-water travel times along the fastest
path of likely radionuclide travel from the disturbed zone to the-accessible
environment. Though water may move through the unsaturated zone in both
liquid and vapor' phases, this issue is concerned only with the travel time of
liquid water. The direct effects on performance of.vapor flux through the
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unsaturated zone are addressed by Issue 1.1 (Section 8.3.5.13). Vapor flux
through the unsaturated zone at Yucca Mountain may significantly influence
both the magnitude and direction of liquid water flux and will therefore be
considered in determining ground-water (liquid) travel time.

Within the following text for this issue, the relationship between the
issue and the information needs is discussed, followed.-by a discussion of the
issue resolution strategy, performance allocation, and-the activities to
provide data for the information needs.

Background

The present understanding of hydrogeologic conditions at Yucca Mountain
is described in Chapter 3. The proposed repository'will be located in the
unsaturated zone, and liquid-phase releases of radionuclides to the acces-
sible environment will probably occur in the saturated zone after migration
downward through the unsaturated zone. This means that the flow paths of
concern will have two parts: an approximately vertically downward portion
through the unsaturated zone and a generally horizontal portion through the
saturated zone (Figure 8.3.5.12-2).

The hydrologic characteristics along these general paths, as well as any
other paths that may be identified during site characterization, will be
tested during the characterization process to determine their physical char-
acteristics. The hydrogeologic test plans are addressed in.the geohydrology
program (Section 8.3.1.2). An additional requirement for resolving Issue 1.6
is the refinement of current conceptual-models for flow through the saturated
and unsaturated zones at the site. Plans for development of these models are
also described in the geohydrology program.

Current concepts generally distinguish two types of-pathway types for
ground-water travel through the unsaturated zone. These twb general modes of
ground-water movement are

1. Flow predominantly through pores in the rock matrix. In this mode,
the time of water movement through a given volume of rock is
dominated by near-steady, near-vertical.flow through the small but
abundant matrix pores of the tuffaceous rocks along the flow path.
Current data on site characteristics and likely flux values beneath
the repository depths-suggest that this is the predominant mode of
ground-water movement-from.the disturbed zone to the water table
(Section 3.9.4). Although local regions of fracture flow may exist
along significant fractions of any flow path (i.e., where the flux
times the gradient exceeds the transmitting capabilities of the
matrix pores), continuous fracture flow probably does not occur
along the entire distance of any given flow path from the disturbed
zone to the'water table.

* 2. Continuous flow through fractures or faults. In this mode, the flow
rate is relatively rapid because flow along one or more entire paths
is constrained to the relatively large but sparse openings consti-
tuting a fracture network. -Continuous fracture flow from the dis-

K> - turbed zone to the accessible environment may be caused by various
sequences of events and may occur in only one general location or be

8.3.5.12-3
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distributed throughout the site. This flow may be caused by epi-
sodic or continual lateral diversion of water toward a fault; by an
average, sustained percolation rate higher than the values of matrix
saturated conductivity; by periodic, high intensity infiltration
events at the surface; or by other means (Section 3.9.4). The con-
ditions necessary to induce and sustain fracture'flow, as well as if
and where such conditions exist at the Yucca Mountain site, are
addressed by the geohydrology program, Sections 8.3.1.2.2 and
8.3.1.2.3, Continuous fracture flow beneath the potential reposi-
tory is not considered likely at Yucca Mountain (Montazer and
Wilson, 1984; Peters et al., 1986; Sinnock et al., 1984, 1986; Wang
and Narasimhan, 1986). However, because implications of such flow
include short travel.times, this mode of flow will be considered in
resolution of this issue.,

The strategy for determining ground-water travel times is to reflect the
current uncertainty about flow mechanisms that may occur at the site, as well
as uncertainty about the spatial distribution of rock characteristics along
flow.paths and about boundary conditions. Therefore, site data are needed to
reduce the current uncertainty about whether the likely ground-water flow
paths include continuous fracture flow. Flow in both the matrix and frac-
tures in the unsaturated zone will be considered on a probabilistic basis,
unless site data unambiguously support a position that continuous fracture
flow is not likely enough for serious consideration.

In.the saturated zone also, the general pathway for water movement prob-
ably includes travel through alternating matrix blocks and fractures. For
purposes of conservatively evaluating ground-water travel time, the saturated
zone will probably be treated solely as an equivalent porous medium'where
fracture properties characterize the medium. -

Approach to resolving the issue

The general approach to resolution of this issue, and others, is dis-
cussed-in.Section 8.2.2.. Specifically, the strategy for resolving this
issue entails the.definition, characterization, and assessment of multiple
barriers to ground-water flow. By dividing potential flow paths and flow
processes into discrete categories, the DOE conceptually can establish mul-
tiple, quasi-independent natural barriers to which goals for ground-water
travel time can be assigned. The multiple natural.barriers are distinct
hydrogeologic.units that occur along potential flow paths.- Within each unit
different types of general flbw processes may be distinguished, including
dispersive and advective flow in rock pores, similar.flow in'-fractures,.and
diffusion between and within the matrix-and fractures. 'By considering each
of these processes, in-turn, beginning with the most conservative (i.e., non-
diffusive, dispersive fracture flow) an additional set of. multiple barriers
is made available for consideration.- This creates a'atrix,'of bydrogeologic
units and flow processes-whereby.each intersection on'the matrix may le.eval-
uated to see if it singly is capable of providing assurance that pre-waste-
emplacement travel time will be at least 1,000 yr.

The strategy is based on-current understanding of flow behavior in each
of the hydrogeologic units and current assessments-of the relative contribu-
tion of each process in each unit to flow velocities. Separate goals of

8.3.5.12-5
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1,000 yr of travel time, with varying degrees of confidence, are assigned to
the several hydrogeologic units under flow conditions dominated by the
several processes. If any combination of a single unit and set of processes
can be shown to meet the goal of 1,000 yr, the issue could be considered
resolved. However, all units will be characterized and evaluated. If
several units and associated processes meet their goals, confidence is sig-
nificantly enhanced that the repository site, considered in the whole, will
meet the 1,000 yr requirement. This defense-in-depth approach is designed to
provide reasonable assurance that the site will comply with the NRC perform-
ance objective, even given'the uncertainty about flow mechanisms and flow
path characteristics that will remain after site characterization.

Specifically, resolution of Issue 1.6 requires several steps as shown
schematically in Figure 8.3.5.12-3. The process for resolution (the center-
line in Figure 8.3.5.12-3) is designed to account for both conceptual and
parameter uncertainties (left and right lines, respectively, Figure
8.3.5.12-3). The first general step is performance allocation where relevant
characterization needs are established through a five-part process:

1. Identifying all hydrogeologic units along potential flow paths to
the accessible environment and identifying all potentially operating
processes within each of these units.

2. Classifying hydrogeologic units and flow processes as primary,
secondary, and auxiliary 'barriers' to establish a defense-in-depth
basis for reasonable assurance that flow time to the accessible
environment is at least 1;000 yr.

3. Establishing measures of performance (i.e., travel time) and assign-
ing goals in terms of the measures that allow comparisons of the
flow behavior in each unit to the 1,000 yr flow time requirement.

4. Identifying relevant flow processes within each unit.

5. Identifying relevant parameters and associated levels of confidence
that will be used to predict the travel time and associated uncer-
tainty through each unit.-

The second general step is performance assessment, which involves
defining, constructing, and applying numerical models to make travel-time
predictions. The final step, performance evaluation, entails comparison of
predicted travel times to the goals for each unit, then comparing the travel
times in all units in combination to the 1,000 yr requirement to assess the
likelihood of compliance with the 1,000 yr travel-time performance objective.
This final step includes some, as yet ill-defined, process for assessing the
validity of the predictive models (Section 8.3.5.19). Each of the parts of
performance allocation, the first step, is discussed in the immediately
following pages. Current plans for the second step, performance assessment,
are outlined in the succeeding discussion of Information Needs 1.5.2 through
1.6.4 (Sections 8.3.5.12.2 through 8.3.5.12.4). The third step, performance
evaluation, is not explicitly addressed because the criteria for evaluating
the degree of compliance with performance objectives are not yet known. A
summary of the performance allocation process for this issue is provided in
Table 8.3.5.12-1.

8.3.5.12-6
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Figure 8.3.5.12-3. Schematic logic for resolution of Issue 1.6 (current alternative models of flow system
acknowledge matrix and fracture dominated flow in unsaturated zone, seepage velocity, dispersion and
diffusion) (Note: TSw Topopah Springs welded unit: CHnv - Calico Hills flonwelded vitric unit: CHnz=Calico
Hills nonwelded zeolitic unit. SZ saturated zone: GWTT ground-water travel time )
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Table 8.3.5.12-1. Summary of performance allocation for Issue 1.6 (ground-water Lravel time)
(page 1 of 2)
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Table,8.3.5.12-1. Summary of performance allocation for

(page 2 of 2 2)
Issue 1.6 .(ground-water travel time)

Hydrogeologica:
components Allocation' Performance Performance. Needed b Performance
available , of reliance Process measure goal (yr) confidence parameters

Combination - GWTT 1,000 Very high See Table
of all units - 10,000 High 8.3.5.12-2

:TSw = Topopah Spring welded; Cfniv Calico gills nonwelded vitric; CHnz =.Calico Hills nonwelded
seolitized; PPn' = Prow Pass nonwelded; BFw = Bullfrog welded;' BFn = Bullfrog nonwelded.

Very high goal lies at least three standard deviations below the mean of CWTT; high, at least two
standard deviations below the mean; medium, at least one standard deviation below the mean; low, less than
the mean; very low, less than one standard deviation above the mean (see Step 4, performance goals).

Darcian flow (advection) with dispersion will be relied upon for matrix dominated flow; Darcian flow
with both dispersion and diffusion will be relied upon if substantial continuous fracture flow is identi-
fied during characterization'

deIf a significant thickness of the unit occurs along the.flow path.
GWTT = ground-water travel time along the fastest path of likely radionuclide travel.
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First, a brief statement is needed about the purpose and limitations of
this resolution strategy. The current purpose is to provide a basis for
defining a characterization program that will lead to data of sufficient
quantity and quality ultimately to allow findings of 'reasonable assurance'
(10 CFR 60.101(a)(2)) that the ground-water travel time at Yucca Mountain is
or is not at least 1,000 yr. The criteria for defining reasonable assurance
are not unambiguous; therefore the conditions of sufficiency for data are and
will remain ambiguous until they are established during licensing proceed-
ings. Nested within this arena of institutional and political indeterminism
regarding the compliance criteria is a technical indeterminism regarding the
relations among the uncertainties attached to individual parameters (item 5
above) and the consequent uncertainty in travel-times (items 2 and 3 above).
This latter indeterminism rests on two basic principles; (1) the predicta-
bility of flow processes in time depends on conceptualizations of these pro-
cesses that cannot be objectively quantified in terms of degrees of correct-
ness, and (2) the underlying mathematical structure of any valid conceptual
approach does not permit unique solutions as to the relative influence of the
uncertainty associated with any given parameter or parameter set. For these
reasons, the elements of the resolution strategy outlined in the following
pages are based firmly on professional judgments about a set of performance
goals and site parameters that, if met and collected, will provide a reason-
able basis for drawing reliable, albeit always somewhat uncertain conclu-
sions about the ground-water travel time at Yucca Mountain. The amount of
uncertainty reduction needed, if any,-relative to current understanding can-
not be determined at this time.

Step 1. Flow system identification

The components of the natural setting that compose a portion of the
Yucca Mountain geologic disposal system are shown in Table 3-17 (Section
3.9). These components are defined as hydrogeologic units (system compo-
nents) that occur along potential ground-water travel paths between the dis-
turbed zone and the accessible renvironment. There are seven units in the
unsaturated zone: (1) Topopah Spring welded unit (TSw), (2) Calico Hills
nonwelded vitric unit (CHnv), (3) Calico Hills nonwelded zeolitic unit
(CHnz), (4) Prow Pass welded unit (PPw), (5) Prow Pass nonwelded unit (PPn),
(6) Bullfrog welded unit (BFw), and (7) Bullfrog nonwelded unit (BFn). The
saturated zone (SZ) in its entirety is defined as a separate, eighth unit.
As site characterization progresses, it may be determined that the saturated
zone needs to be subdivided into its distinct hydrogeologic units, to charac-
terize more adequately the ground-water flow paths to the accessible
environment.

Each of these hydrogeologic units can be subdivided into two types of
physical elements that may be considered to define distinct pathways: matrix
pores and fractures, whereby fractures, in turn, are considered to exist as
two types: (1) distributed networks, and (2) fault zones. This classifica-
tion, though unit specific, is designed to account for throughgoing fracture
pathways, distributed throughout the rock mass or along fault zones, that may
extend uninterrupted from the disturbed zone-to the water table and along the
saturated pathways to the accessible environment.

The spatial locations of flow paths from the disturbed zone to the
accessible environment are generally through the unsaturated zone to the

8.3.5.12-10
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.water table and along a 5-km distance in an approximately down-gradient
direction along the upper part of the saturated zone. Although a defini-
tion of the boundaries of the disturbed zone is not yet firm (Information
Need 1.6.5, Section 8.3.5.12.5) a distance-of 50 m below the midplane of the
repository is used as the boundary for the purposes of this discussion. The
hydrogeologic units that may-be relied upon depend to a certain extent'on
where this boundary lies; however, the ability of the site to meet the
1,000-yr ground-water travel-time criterion probably is not affected-much by
moderate departures from this definition. The thickness of each unsaturated
hydrogeologic unit between the assumed boundary of the disturbed zone and
water table is shown in Figure 8.3.5.12-4. - -

Each of the two physical elements (fractures and matrix) of each hydro-
geologic unit is considered a potential pathway for water flow. Several
*processes may be used to describe flow along each pathway. -Darcian flow with'
dispersion in fractured porous media is the process that will be used as a

* baseline case to describe water movement through the unsaturated and satu-'
rated hydrogeologic units.- Dispersion is a mixing and spreading process that.
should be considered to account for the times of first arrivals in a travel--
time distribution. Dispersion is believed to be caused by small-'to large-
scale heterogeneities along a flow path. The dispersive effects of medium-
to.large-scale heterogeneities'will'be addressed by accounting'for macro-
scopic property variations along flow paths, and small microscale effects may,
be addressed, if they are shown to accelerate' significantly first arrivals.
by' assigning a dispersivity factor to each unit.

' -Diffusive processes,'-which-would tend to' 2engthen travel times of an
inert tracer, would be relied upon only -if necessary-to show 1,-000 yr.of
travel time, as suggested in the draft position paper by Codell (1986). If
diffusion of inert tracers between' matrix pores and fracture openings is
relied upon, the characteristics and limitations of the diffusive process
must'be adequately characterized. Because radionuclide travel may occur by
particles larger than inert tracers-(such as colloids), characterizationof
colloid formation and. behavior is also planned. The diffusive character-
istics of radionuclides and colloids will be investigated under the geochem-!-
istry program (Section 8.3.1.3). Issue 1.1' (Section 8.3.5.13) provides more
discussion on the transfer of-particles between the matrix and the fractures
by a diffusive process.

Step 2. Selection' .by hydrogeologic units-and flow process-

-If the.current conceptual model for the unsaturated zone is valid,.each
of'the hydrogeologic units listed previously is a barrier that, in and of
itself, is likely to have travel times of-at least 1,000 yr along some path
of.likely, radionuclide travel (Figure'8.3.5.12-5, top). Current analyses
(Sinnock et al., 1986)-indicate that the fastest path'of likely radionuclide
travel from the disturbed zone to the water.table will probably occur beneath
the east-northeast region of the proposed repository (Figure 8.3.5.12-5,
bottom). Only two unsaturated units occur in this area; the Topopah Spring
welded and Calico Hills zeolitic units (Figure 8.3.5.12-6). The saturated
zone occurs along all potential paths of liquid water flow to the accessible
environment, including those from the northeast part of the repository.
Accordingly, a level of performance has been allocated to the Topopah Spring

8.3.5.12-11
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welded, Calico Bills'nonwelded zeolitic, and saturated zone hydrogeologic
units (Table 8.3.512-1).

Sinnock et al. (1986) assumed one-dimensional steady-state, vertical
flow through matrix and fractures of the unsaturated zone and concluded that
the Calico Hills nonwelded zeolitic unit has travel times along the fastest
paths much greater'than 1,000 yr. Based on these analyses, this unit is
allocated a high level of performance and is referred to as a primary
barrier. The Topopah Spring welded unit and the saturated zone are consid-
ered secondary barriers, and are allocated lower levels of performance. The
Calico'Hills vitric unit, where present, is also thought to provide rela-
tively long travel times, comparable to or greater than those in a similar
thickness of the zeolitic facies of the Calico Bills tuffs, though this unit
probably is very thin or absent below the northeast portion of the current
facility design where the fastest flow paths to the water table are' likely to
occur.

Because of uncertainty regarding how to determine the 'fastest path of
radionuclide travel' (Codell, 1986), it is possible that flow from the entire
disturbed zone boundary over the entire site may be included in the distribu-
tion of travel times relevant to this issue. In this instance, the vitric
portion of the Calico Hills unit would also serve as a primary barrier, as
indicated in Table 8.3.5.12-1. The Calico Hills vitric unit has a higher
saturated hydraulic conductivity than the Calico Hills zeolitic unit and is'
therefore more likely to have drained to lower saturation and higher suction,
particularly in view of its greater distance above the water table. There-
fore,'matrix-dominated flow can be assumed with more confidence in the vitric
unit than in the'more nearly saturated zeolitic unit. If the regulatory
basis for defining -the fastest path'-is restricted to geographical regions of
least flow time, it might be prudent to modify the'proposed location of the
repository to ensure -that 'at least a minimal thickness of vitric Calico Hills
tuff occurs'along all-'flow paths from the disturbed zone to the water table,
In-either event, the'vitric unit is a significant-bkrrier to flow from the
disturbed zone and is considered a primary barrier. '

Other units (e.g., BFw) will also contribute to a longer ground-water
travel time; however, the different, sometimes zero, thicknesses of these
units (Figure 8.3.5.12-4)' for different flow paths requires that their role
in resolving -the issue: be considered somewhat differently. For the purpose
of this allocation, these units are termed auxiliary.' This allocation
strategy may change as additional data and understanding are obtained.

Flow through the unsaturated units of Yucca Mountain includes the
possibility of localized sustained flow in fractures'L(Kontazer and Wilson,
1984); If substantial, continuous fracture flow exists at the site,, it
probably will hot occur throughout broad regions.'' Sustained flow in
fractures-is most likely to occur only along a major geologic structural
feature such as the Ghost Dance fault or faults bounding the site to the
east. This may occur if a sufficient flux of water is diverted laterally to
the structural features where the water could then drain quickly through
fractures along the fault to the water table (Rulon et al., 1986). Temporary
or steady-state ponding of perched water near the structural features is
presently considered possible within and above the nonwelded units. There-
fore, if water moves as continuous flow in fractures-to the water table, it
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probably occurs in down-dip areas along the eastern portion of the site,
where the Calico Hills vitric unit is thin or absent and the zeolitic unit is
nearly saturated. Portions of the previously discussed pathways, particu-
larly those at shallow depths, may experience fracture flow following
episodic, high infiltration events.

If, during site characterization, continuous, rapid fracture flow'is-
shown to be significant, then diffusion of nonsorbing tracers from the
fractures to the matrix pores would be used to identify the fastest path of
likely radionuclide travel. Transfer of nonsorbing tracers (identifying the
paths of radionuclide travel) from fractures to matrix and vice versa would
occur by advection and diffusion. Because of the large storage capacity in
the partially saturated matrix pores where advection, dispersion, and
diffusion would take place, accounting for diffusion would probably result in
a significant increase in predicted travel times compared with those based
solely on the seepage velocity in continuously flowing fractures. However,
only in the event of likely, sustained fracture flow would diffusion be
relied upon to complement Darcian flow with advection and dispersion in
describing movement of inert tracers through the unsaturated and saturated
zones.

The DOE strategy for assessing flow in the unsaturated zone, thus, rests
firmly-on the assumption that flow below the disturbed zone is essentially
vertically downward. It is recognized that lateral diversion of water at
some unit contacts is possible. If such paths are established as likely
during site characterization, they would then be used as the basis for
determining travel time. There is a credible possibility that, below the
repository level, very little liquid water is moving in any direction (e.g.,
if flux << 0.5 mm/yr) and-that a nearly static condition prevails (Roseboom,
1983). A significant possibility also exists that, in terms of quantities of
water, downward flux of liquid water is less than the upward flux of vapor
(Montazer and Wilson, 1984). These possibilities will be investigated during
further development of the hydrologic model, as described in the geohydrology
program. In lieu of more definitive information, the assumption of net,
vertically downward movement of liquid flux probably is a conservative basis
for calculating ground-water travel times.

An auxiliary facet of the strategy for assessing ground-water travel
times. involves the estimation of ground-water ages at different points along
the flow paths. Geochronology using carbon, chlorine, and hydrogen-isotopes
in the ground water can provide a basis for estimating ground-water residence
times. Results of such studies are generally subject to significant uncer-
tainty regarding the identification of flow paths, mixing of waters of dif-
ferent ages, etc. However, data on residence times (ages) of water along the
potential pathways are expected to be very useful for helping to interpret
ground-water travel times calculated with numerical models. Standard hydro-
chemical data may also be used to help determine whether computed travel
times are consistent with the isotopically determined ages (Section
8.3.1.2.2).
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Step 3. Performance measure

The probability or frequency distribution of calculated ground-water
travel times is the performance measure for each hydrogeologic unit. Ground-
water travel time is an obvious choice because of its direct relationship to
10 CFR Part 60.113(a)(2) and because time is a fundamental quantity.

The measure of performance for each hydrogeologic unit will be expressed
as a cumulative distribution curve. Figure 8.3.5.12-7 shows examples of a
histogram and an associated cumulative distribution curve, for ground-water
travel time through the total unsaturated zone based on the net effects of
fracture and matrix flow, with no diffusion. Ground-water travel time is
assumed to be the time that it would take inert tracer particles released at
the boundary of the disturbed zone to reach the accessible environment. This
travel time is often calculated by integrating the ratio of effective
porosity to the Darcy velocity along the flow path from the disturbed zone to
the accessible environment (Sinnock et al., 1986; Codell, 1986). Dispersion,
diffusion, differences in flow -path lengths, and other factors tend to spread
travel times. As a result, a distribution of travel times exists along any
path.. This distribution is taken to be the measure of ground-water travel
time.

As discussed in Step 1, dispersion caused by macroscopic heterogeneity
of flow-controlling properties will be explicitly accounted for in calcula-
tions used to produce a travel-time distribution. This will be accomplished
by randomly sampling the properties from an empirical probability distribu-
tion function that describes natural variability along the flow paths as well
as uncertainty associated with that variability. Micro-dispersion may be
included as a second-derivative dispersivity term in the calculations if it
significantly accelerates early arrivals of inert tracers to the accessible
environment. The effects of diffusion (between the fractures and the matrix)
will be considered, only if necessary, in establishing a high likelihood of
more than 1,000 yr of travel time. Finally, the uncertainty in the travel
time caused by alternative conceptual models will be incorporated in the
cumulative distribution curves, perhaps by subjective weighting of the
alternatives based on peer review.

'As a result of the incorporation of these various sources of spreading,
the cumulative distribution curve of travel times is intended to encompass
all relevant sources of uncertainty. This implies neither that all uncer-
tainty will be objectively quantified nor that the cumulative distribution
curve will be a measure of the true travel-time distribution. Rather, the
curves will represent the uncertainty associated with parameter measurements
as well as the uncertainty associated with many professional judgments about
the likely effects of the various sources of parameter and conceptual
uncertainty on flow mechanisms. Thus, the cumulative distribution curves
will provide a performance measure that allows informed judgments about the
likely range and uncertainty in the travel time from the disturbed zone to
the accessible environment.

Step 4. Performance goals

The overall-performance goal desired for the ground-water travel-time
measure for the combination of all hydrogeologic units between the disturbed
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Figure 8.3.5.12-7. Examples of ground-water travel-time distributions: top-histogram; bottom-cumulative
distribution function showing x percentile of flow having travel times less than some specified value, T. Modified
from Sinnock et al. (1986).
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zone and the accessible environment is 1,000 yr at a very high level of
confidence (Table 8.3.5.12-1). Assurance that the goal will be achieved
should be very high to support a license application. To achieve the desired
confidence in the total site, performance goals of -1,000 yr are set for
several individual hydrogeologic units to establish multiple barriers and
implement a strategy of defense-in-depth (Table 8.3.5.12-1). Performance
goals of 1,000 yr are'set to establish a direct basis for assessing
compliance with the performance objective. Goals 'for 10,000 yr are included
to provide a second point on the cumulative distribution-curve to constrain
the shape of the curve, thereby lending a degree of assurance that minor
shifts in the whole curve (e.g., due to conceptual or parameter uncer-
tainties) will not lead to significant differences in the likelihood of -

travel times less than 1,000 yr. Also, 10,000 yr goals, if met, -provide a
basis for a defense-in-depth strategy for resolution of Issue 1.1, which
addresses releases of radionuclides overa 10,000-yr period. The confidence
goals set for each unit for both 1,000-yr and 10,000-yr travel times are
based on results of preliminary evaluations by Sinnock et-al. (1986),
exemplified in Figures 8.3.5.12-5 and 8.3.5.12-7.

The confidences indicated for the two travel-time goals for each
individual unit range from very lowvto very high (Table 8.3.512-1). Five
levels of confidence are assigned; -very high, high, medium, low, and very
low. Very'high indicates that the goal lies at least three standard
deviations below the mean of the ground-water travel time distribution; high
indicates that the goal lies at least two standard deviations below the mean;
medium, at least one standard deviation below the mean; low, less than the
mean; and very low,- less than one standard deviation above the mean. The
differences in assigned confidences dejend-on such factors as saturation in
each unit, frequency and- apertures of fractures, thickness of each unit, and
percentage of the repository area underlain by each unit. Confidence for the
required travel time to the accessible environment would be -high if the goal
is met for various individual units, or (because'of the redundancy among -

individual units) very high if goals are-met for several of the various
individual units.

The confidence'desired for travel time through both Calico Hills units,
CHnv and CHnz, is highest of all units, consistent with their designation as
primary barriers. A -confidezice'level of low was set for the TSw unit because
only a short path length-m-ay exist below some portions of the disturbed zone
and because- of the -greater likelihood of fracture flow through significant
portions of this densely frtctured'and welded unit than through the CHn
units.' Confidence'Jevels for the auxiliary Prow Pass and Bullfrog units
(PPw,'PPn, Bfw, and BFn) are' lower because they occur only beneath part .of
the repository area (Figures 8.3.5.12-4 and 8.3.5.12-6). The goal for the'
saturated zone, a-secondary barrier, is assigned relatively low confidence
based-on current, -conservative estimates of saturated zone flow'times'(DOE,
1986b).- - -

Comparisons of calculated ground-water travel-time distributions (Figure
8.3.'5.12-5) with the performance goals (Table '8.3.5.12-1) provide the basis
for determining if each hydrogeologic unit meets its goal. This performance
evaluation will be done after more data are available'and new curves -are
calculated by determining from the cumulative distribution curves the likeli-
hood that travel time is greater than the performance goal (e.g., 1,000 yr).
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Step 5. Parameter needs

The parameters required to satisfy this issue are those that can
establish a basis for reasonable assurance that the performance goals are
met. This assurance can be achieved, in large part, if it can be demon-
strated that water flows predominantly through the matrix rather than the
fractures. This would occur if the water flows through a sufficient volume
of matrix pores for at least some minimal portion of each unit to which a
goal has been assigned. For each unit, the sufficient volume of pore space
may be expressed as effective porosity, n . The minimum portion of each unit
may be expressed for-a given flux, q, as aistance, d, along a flow path
(generally equivalent to thickness of units in the unsaturated zone, assuming
vertical flow).. The condition of flow through the matrix may be expressed by
a ratio of percolation flux to the saturated hydraulic conductivity of the
matrix, qJK5. If this ratio'is less than some threshold value, generally
taken to be somewhat less than one, a potential. (expressed as suction pres-
sure) for additional moisture retention will exist in the matrix materials
and the entire floi volume will tend to move through the matrix. This, in
effect, means that if flux exceeds matrix saturated conductivity, fracture
flow is expected to occur. However, where flux is less than the conduc-
tivity, the resulting potential will tend to draw water from adjacent
fractures into the matrix pores until pressure equilibrium is established
between the matrix and fractures. The water that remains in fractures at
this equilibrium pressure -will occur in apertures generally equal in diameter
to the largest saturated matrix pores or cling to asperities equal in radius
to even larger unsaturated matrix ports holding water in minisci. Because an
air-gap constrictivity generally occurs along fractures with apertures larger
than the radius of partially saturated matrix pores (Wang and Narisimhan, -
1985; Montazer, 1982), flow along fractures under suction pressures tends not
to occut and flow across fractures may be considered an extension of matrix
flow. As the ratio q/K- decreases, the potential for moisture absorption by
the matrix increases, assuming the matrix pores can drain (i.e., assuming
they are not bounded downstream by a region where flux exceeds conductivity).

Because local heterogeneities in saturated conductivity can result in a
chaotic distribution of regions where some have q/K values less than one and
others have q/Ks values greater than one, particularly where flux' is about
equal to the mean of the probability distribution of conductivity,
transitions may occur from fracture to matrix flow along any given path.
Therefore, a sufficient portion of every flow path in each unit is sought
where q/K 5 is less than one in-freely drained conditions. Given satisfaction
of this inequality, seepage velocity can be assumed to equal the flux divided
by the effective porosity of matrix materials, and travel time to equal the
flow path distance divided by the seepage velocity. By allocating a required
travel time (or times) to each unit, a combination of desired flux, effective
porosity, and flow distance can be specified that cause the travel-time goal
to be met. Further, if current conservatively estimated values for effective
porosity and flux are defined as the desired conditions, then a minimum
desired thickness of matrix flow can be defined for each unit. This process
of quantifying desired parameter values was followed to define the values
shown in the 'performance parameter goal' column of Table 8.3.5.12-2,
completing the performance allocation process for Issue 1.6.
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Performance parameters for resolving Issue 1.6 (page l of 2)

(

;Table 8.3.5.12-2.

Hydrogeologic Performanger Current estimated Performancedparameter Current Desired
unitc - parameter rangec. goal confidence confidence

TSw

C. f
Cfn..

i . .: .- q
qlK:

- d

f: q

csK
n
d e

< 0.5 mm/yr
0.005 to 50
0.01 to 0.2
0 to 60 m

<
0.5 mm/yr
0.8S
0.5
10 m (1007.)

Low
Low
Low

Medium

Low
Low
Low
Low

C 0.5 mm/yr
0.00005 to 5
0.15 to 0.45
0 to 160 m

<

C.A~

.I.

0.5 mm/yr
0. 95
0.2
2.5 m (100%)
25 m (80%)

0.5 mm/yr
0.9
0.2
2.5 m (100%)
25 m (80%)

CHns

PPw

PPn

q
q/K5
n
de

q
q/Ks
n,
de

q
q/KS
dn
de

C 0.5 mm/yr
0.005 to 50
0.2 to 0.4
0 to 140 m

<

Low
Medium
MediuT

Lowf
Low

MediumJ'
Medium
Mediu?

Lowf
Low

Low
Low
Low

Medium

High
High
High
High

Medium

0

sI

< 0.5 em/yr
0.0005 to 0.5
0.015 to 0.35
0 to 40 m

0.5 mm/yr
0.85
0.1
5 m (80%)

Medium
Medium
Medium
Mediur

Medium
Medium
Medium
Medium

High
nigh
High
High
Medium

< 0.5 mm/yr
0.005 to 0.5
0.1 to 0.45
0 to 140 m

0.5 mm/yr
0.95
0.2
2.5 m (50%)

Low
Low
Low
Low



Table 8.3.5.12-2. Performance parameters for resolving Issue 1.6 (page 2 of 2)

Hlydrogeologic
unita

Performanse
parameter

Current estimatedCrange
Performancedparameter

goal
Current

confidence
Desired

confidence

BFw q
qKs
n
de

< 0.5 mm/yr
0.0005 to 0.05
0.05 to 0.4
0 to 70 m

<
0.5 mm/yr
0.85
0.1
5 m (20%)

Low
Low
Low
Low

BFn q
q/Ks
n
de

< 0.5 mm/yr
0.0005 to 0.5
0.1 to 0.4
0 to 50 m

0.005
0.1 to 1000 m/yr
0.0001 to 0.01
0 to 5000 m

< 0.5 mm/yr
< 0.95
> 0.2
> 2.5 m (10%)

< 0.001
< 10 m/yr
> 0.01
1000 m -

Low
Low
Low
Low

Medium
Medium
Medium
Medium

Medium
Medium
Medium
Medium

Low
Low
Low

Medium

Saturated zone dh/dl
K

sn
de

Low
Low
Low
Low

aTSw = Topopah Spring welded unit; Cinv = Calico Hills nonwelded vitric unit; Clinz- Calico Hills
nonwelded zeolitized unit; PPw = Prow Pass welded unit; PPn = Prow Pass nonwelded unit; BFw = Bullfrog
welded unit; BFn = Bullfrog nonwelded unit.

q = flux; K = hydraulic conductivity of saturated matrix pores; ne = effective porosity; d =
distance along flow paths.

CParenthetical values for d indicate the desired percentage of the repository area underlain by the
indiaated thickness.

Low current confidence in meeting the goal is based on a moderate to high confidence that tile goal
will not be met because of the absence of the units below portions of the current repository area (see
Figure 8.3.5.12-4); additional site data are unlikely to increase current confidence, relocation of the
repository facilities is probably required to achieve the desired confidence, therefore achievement of
these goals must be considered in the context of trade offs with goals for design issues (Sections 8.3.2.2
and 8.3.2.5) relating to facility siting.

elased on Section 3.9, Figure 8.3.5.12-4., and Sinnock et al. (1986).
A thickness of greater than 10 m for 100 percent of the area below the repository is based on a

disturbed zone thickness much less than 50 a.

( (. (
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The values set as goals for the performance parameters, if realized,
would establish a bounding basis for concluding with reasonable confidence
that travel time in each unit would exceed 1,000 yr. However, knowing these
goals were met would not be sufficient to calculate a cumulative distribution
of travel time, especially if portions of some paths include fracture flow or
if travel time, as expected, is influenced by variability of the parameters
within ranges that are only bounded by the goals. Therefore, a set of sup-
porting performance parameters based on elements of the general flow equa-
tions is identified in the next section, which describes Information Need
1.6.1. (Section 8.3.5.12.1)'. For these supporting parameters, no quantita-
tive goals are set; rather, goals are defined in terms of relative confidence
desired in the statistical properties of the spatially dependent probability
distributions of the parameters. As a result, the total parameter needs for
resolving this issue are separated into two categories: those identified here
(Table 8.3.5.12-1) for establishing bounds on the travel time for comparison
to goals, and those identified in the following section (Section 8.3.5.12.1)
for developing a probabilistic performance measure expressed as a cumulative
distribution function of travel time.

Interrelationships of information needs

The question raised by Issue 1.6 addresses whether the regulation for
ground-water travel' time, 10 CFR 60.113(a) (2) ,' can be' satisfied at the Yucca
Mountain site. There are several distinct parts to the issue that must be
resolved to answer the question. The distinct parts, expressed as questions,
are as follows:

1. What site information, design concepts, and auxiliary information
are needed to (1) identify the fastest path of likely radionuclide
travel from the disturbed zone to the accessible environment, and
-(2) determine the pre-waste-emplacement ground-water travel time
along this path?

2. What calculational models of the hydrologic system will be used
to identify the fastest flow path(s) and predict ground-water
travel-time'distributions along this path? -

3. Based on the selected models, where is the fastest path(s) from
- the disturbed zone to the accessible environment, and what are

the flow"characteristics along this path?

4. What is the cumulative distribution of pre-waste-emplacement
- ground-water travel times along this path(s)-based upon results

of'simulations using the calculational models and any other
' information resulting from answering the preceding questions?

5. Where are the boundaries of the disturbed zone?'

Each'of these questions has been designated as an information need.
Questions-1, 2, 3,' 4, and 5Ware Information Needs 1.6.1, 1.6.2, 1.6.3, 1.6.4,
and 1.6.5 (Sections 8.3.5.12.1 through 8.3.5.12.5),' respectively. Informa-
tion Need 1.6.1 summarizes the-mathematical basis for calculating ground-
water travel time and the associated set of site parameters needed to resolve
this issue. Included in Information Need 1.6.1 is an indication of the
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confidence desired for each parameter. Note that the required parameters and
associated confidence levels apply to statistical moments of particular pro-
perties and not just to a single value for each property. Such statistical
information will allow better quantification of uncertainty for a given con-
ceptual model than will data limited to expressions of confidence in a
single, target value for a given property.

Information Need 1.8.2 (Section 8.3.5.12.2) describes the planning basis
for selecting calculational models that will help identify flow paths and
analyze ground-water travel times along these paths. Direct measurements of
ground-water travel time for demonstration of compliance with regulatory
rules are not feasible. Therefore, resolution of this issue requires calcu-
lational models that can simulate ground-water flow at the site and predict
flow paths and travel times from the disturbed zone to the accessible envi-
ronment. These models. also enable sensitivity analyses to be performed; such
analyses indicate the relative importance of different parameters to
travel-time distributions (values, moments,. and spatial location), so that
data acquisition plans can be focused in an iterative process on parameters
that allow the greatest reductions in quantifiable uncertainty about
ground-water travel time. The calculational models will be used to identify
likely paths of radionuclide travel (Information Need 1.8.3) and to assess
pre-waste-emplacement ground-water travel time along these paths (Information
Need 1.6.4). Thus, the models selected under Information Need 1.8.2 are
based on mathematical concepts addressed in Information Need 1.6.1 that
establish the parameters needed to predict ground-water travel time. On the
other hand, the confidence desired for each parameter is established by
interpreting analyses done to satisfy Information Needs 1.6.3 and 1.8.4.

Information Need 1.8.3 (Section 8.3.5.12.3) addresses a basis for
determining the fastest paths of likely radionuclide travel for both matrix-
and fracture-dominated modes of water movement. As site characterization
proceeds, new data will be analyzed to identify the likely flow paths.
Ultimate selection of flow processes and paths used for analysis'of travel
time may be based, in part, on data or theories that are inadequate for
unambiguous estimation of a probability or likelihood of occurrence and will
require the judicial use of expert judgment and peer review.

Activities under Information Need 1.6.4 (Section 8.3.5.12.4) focus on
determining' pre-waste-emplacement ground-water travel times along the fastest
path of radionuclide travel. Sensitivity and uncertainty analyses are also
performed under Information Need 1.6.4 to establish the effects of
uncertainty in parameter values and conceptual approaches on the ultimate
confidence that may be 'placed in the predictions of travel-timp. Results of
prelicensing studies will be used to evaluate the sufficiency of the data
base on which predictions are made, thereby identifying the proper focus of
further site characterization to reduce most effectively the remaining
sources of uncertainty in predictions of travel time.

Information Need 1.6.5 (Section 8.3.5.12.5) establishes a planning basis
for determining the boundary of the.disturbed zone. The current plans are
based in part on the general guidance given by the U.S. Nuclear Regulatory
Commission (Gordon et al., 1986). Thermal, mechanical, geochemical, and
hydrologic analyses will be used to define the extent of disturbances
expected from repository construction and heat generated by the waste.
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Because Information Need 1.6.5 is fundamentally different from the previous
information needs in this issue (in that the information required for
Information Need 1.6.5 will address the postemplacement environment and will
not be used directly to assess ground-water travel time) it is treated
separately. Information Need 1.6.5 develops its own performance measures and
goals, as well as the parameters required to assess the extent of
repository-induced disturbances.

The schedule information provided for information needs in this section
includes the sequencing, interrelationships, and relative durations of the
activities in the information need. Specific durations and start/finish
dates for the activities are being developed as part of ongoing planning
efforts and will be provided in the SCP at the time of issuance and revised
as appropriate in subsequent semiannual progress reports.

8.3.5.12.1 Information Need 1.6.1: Site information and design concepts
needed to identify the fastest path of likely radionuclide travel
and to calculate the ground-water travel time along that path

This information need summarizes the parameter needs required for analy-
ses to be performed for assessing ground-water-travel time. The information
and data required for Information Needs 1.6.2 through 1.6.4 (Sections
8.3.5.12.2 through 8.3.5.12.4) are described-here. Because defining the
disturbed zone is distinct from calculating ground-water travel time, the
parameters required for the disturbed-zone definition are addressed in
Information Need 1.6.5 (Section 8.3.5.12.5). The parameter needs-identified
here apply only to pre-waste-emplacement conditions.

The specific parameters requested by Issue 1.6 are discussed later in
the logic portion of this section and will provide information in the
following four categories (Figure 8.3.5.12-8):

1. System geometry.
2. Material property values.
3. Initial and boundary conditions.
4. Model validation.

Information is-required from each of these categories to calculate
ground-water travel-time values in Information Need 1.6.4.

The specific parameters requested here (inner circle, Figure 8.3.5.12-8)
rarely correspond to parameters directly measured in the field or laboratory
(outer circle, Figure 8.3.5.12-8). A set of site characterization modeling
activities (middle circle, Figure 8.3.5.12-8) is required to reduce the
measured data to the parameters amenable for direct use in ground-water
travel-time calculations. The logic that establishes how the actual measure-
ments are used to produce the requested parameters is provided in Sections
8.3.1.2 (geohydrology) and 8.3.1.4 (rock characteristics).

Crucial information required by this issue are descriptions of the con-
ceptual'models and associated uncertainties'for the unsaturated-zone and
saturated-zone flow systems at the site. Though no specific parameter needs
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K-6/13/87-FIGURE 8.3.5.1243

Figure 8.3.5.12-9. Schematic flow of site information on system geometry, material properties, initial and
boundary conditions, and model validation through data reduction modeling (Programs 8.3.1.2 and 8.3.1.4) to
definition of performance assessment parameters (Table 8.3.5.12-2) for use in ground-water travel time calculations
and model validation (Information Needs 1.6.2. 1.6.3, and 1.6.4).
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are delineated here with regard to the validation of flow models, the means
by which the flow models will be developed, as well as the plans that
described how the requested specific parameter values will be obtained, are
described within the geohydrology program (Section 8.3.1.2), and rock
characteristics program (Section 8.3.1.4).

Technical basis for addressing the information need.

Link to the technical data chapters and applicable support documents

Chapter 3 summarizes the current understanding of conceptual models of
ground-water flow addressed by the general equations'of flow discussed here.
Chapters 1 and 2 provide the current data on the geologic and rock character-
istics represented by parameters in the equations. Data on the thicknesses
and extents of stratigraphic units also are contained in Chapters 1 and 2.
Structural information about fracture and fault characteristics is provided
in Chapter 1. Data on porosity are in Chapters 2 and 3, and data on permea-
bility, saturation, pressure, and water table elevations are in Chapter 3.

Parameters

The parameter needs established for this information need are identified
in Table 8.3.5.13-3. In general these parameters will be obtained from
activities discussed in Section 8.3.1.2.

Logic

Parameter requirements cannot be made without using some conceptual
model(s) as the basis. The phenomena relevant to predicting ground-water
travel times at the site have been indicated in the issue resolution strategy
of this issue and are more fully described in Section 3.9. The general con--
cept for flow in the saturated zone postulates Darcian flow in a saturated,
equivalent porous medium. The concept for flow in the unsaturated zone pos-
tulates near steady-state Darcian flow, with the possibility of flow in both
the matrix and fractures. The mathematical equations that are formulated to
describe the conceptual flow models are used to determine what parameter
information is required. A significant aspect of site characterization is
testing the validity of these models. The models will be periodically'
reevaluated and modified, if necessary, in light of the results of this
testing.

Ground-water models generally are based on one or more governing equa-
tions. These equations are derived by combining mathematical statements for
the conservation of mass and momentum with constitutive equations relating
these statements to measurable quantities such as hydraulic head (pressure)
and initial and boundary conditions.

The governing equation of three-dimensional flow in saturated porous
media is generally expressed as follows:

S. 8t V V(h'Vh)+Q = 11(8.3.5.12-1)

8.3.5.12-27



CONSULTATION DRAFT

where

S. = specific storage

h = piezometric head

= hydraulic conductivity

Q = volumetric discharge(a, @,)

* - time

-v= -differential operator

For steady or nearly steady flow, the storage term can be neglected.

Flow in unsaturated porous media is generally expressed by variants of
Richards' equation. The model for liquid water flow in unsaturated fractured
porous media, as described in Section 3.9, can be formulated by an equation
derived from a version of Richards' equation written for both the matrix and
fracture systems and by assuming that, in a near-equilibrium condition, the
pressure head in the fractures and the matrix is locally in equilibrium.
This can be written in the form

V = *t(X ) -i =)j F( ) + Q (8.3.5.12-2)

where

= the relative hydraulic conductivity for the unsaturated matrix
system

KI(O) = the relative hydraulic conductivity for the unsaturated fracture
system

= pressure head

z = elevation.head

Q = sink/source term

and F involves the specific moisture capacity of matrix and fractures and
the compressibility of water, the bulk rock, and the fracture system
(Klavetter and Peters, 1986).
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Once the pressure head distribution is established, seepage velocities
(t) can be determined by

t n= (8.3.5.12-3)

and ground-water travel'time (GWTT) by

GWTT = D (8.3.6.12-4)

where h is total head defined by an elevation head component, z, and a
pressure head component, *,, 'is length along the pressure gradient, d is the
flowpath length, and x, is effective porosity.

K or K(1), hydraulic conductivity is an empirical parameter that depends
on properties of both the moving fluid and transmitting medium (i.e., on
both water and rock properties). may be more fundamentally expressed as

K= (8.*3.12-5)

where K, permeability, or K(+'), relative permeability, is a-property of the
rock (and moisture content in unsaturated material), g is the acceleration
due -to gravity, and ja,'viscosity, and p, density, are properties of the fluid
that depend on temperature and on chemical species present. Assuming little
effect of chemistry on p and a, in situ temperatures and intrinsic
permeability are the parameters needed to derive K. In unsaturated
materials, the value of'K(k) depends on moisture content and may differ (for
transient behavior) depending on whether.tbe material is becoming wetter (V
increasing) or drier. (,decreasing). *This moisture dependency and hysteresis
will be accounted for in modeling of the unsaturated zone (8.3.1.2.2).

: tEffective porosity is used here as a measure of the volume of space
through which flow occurs., In the unsaturated zone, this property is taken
to be the in situ moisture content less the residual moisture content. As
understanding of unsaturated flow evolves, this definition may need to be.
modified to account for porous channeling or other phenomena.

Equations 8.3.5.12-1 through 8.3.5.12-5 are judged, based on the current"
understanding of'the conceptual-models of flow at the site (as described in
Chapter,3),'to be.a suitable basis for generally describing the flow
phenomena-present in the saturated and unsaturated zones.' These equations
define-the basic set of material-property parameters that must be available
to calculateiground-water travel time and therefore resolve this issue.
Additional'information required to solve Equations-8.3.5.12-1 through
8.3.5.12-5.include the description of the system geometry (for both the
saturated and unsaturated zones within the controlled area) and initial and
boundary conditions for the models.

Parameters requested in Table 8.3.5.12-3 are divided into the four
categories previously discussed: (1) system geometry, *(2) material property
values, (3) initial and boundary conditions, and (4) model validation. As
described earlier, information is required from the first three categories to
provide specific input for the solution of the general equations for ground-
water travel time. To determine if those mathematical equations provide an
adequate formulation for the calculation of ground-water travel time,

.8.3.5.12-29



Table 8.3.5.12-3. Supporting performance parameters used by Issue 1.6 (ground-water travel
time)a (page 1 of 6)

Performance
paraseter

Material Spatial
type location

Statistical
easureab
deeired

SCP Section
where current

Needed estimate is
confidencec discussed

Current d
confidenceStratigraphic unit

IMODEL TYPE-' CALCULATION OF CBOUND-VATER TRAVEL TIME IN TUB UNSATURAtED ZONE

Inital and boundary COT

Flux, percolation rate

Moisture content
(volumetric)

hditions

Fault Zones
Fault SonGS
Fault monen
Fractures
Fractures
Fractures
Rock matrix
Rock matrix
[ock matrix

Fault mones
Fault Bones
Fault sones
Fractures
Fractures
Fractures
Rock matrix
Rock matrix
Rock matrix

Fault SoneS
Fault SoNeS
Fault SOneS
Fractures
Fractures
Fractures
Rock matrix
Rock matrix
Rock matrix

Fault sones
Fault SONeS
Fault oanen
Fractures
Fracture.
Fractures
Rock matrix
Bock matrix
Rock matrix

Raock was

H-area
b area
b-area
B area
I-are-
B- area
B-area
B-area
B-area

B-area
B-area
b-area
&-are,
b-area
B- area
B-area
b-area
B-area

UZ,
UZ'
Uz,
Uz2
Uz.
UZ.
UZ.
Uz
UZ,

Uz.
Uz.
UZ,
UZ,
UZ,
U2.
Uz,
Uz2
U2.

TSe2, repository
TSu2, repository
TSw2, repository
TS-2, repository
TSw2, repository
TSe2 repository
TSe2, repository
TS-2, repository
TSs2, repository

level
level
level
level
level
level
level
level
level

each hydro unit below repository
each hydrq unit below repository
each hydro unit below repository
each hydro unit below repository
each bydro unit below repositoly
each hydro unit below repository
each hydro unit below repository
each hydro unit below repository
each hydro unit below repository

Pressure head (matric
potential)

Saturation

Temperature, in situ

B-area
b-area
B-area
x-arex
-area
B area
b-ares
B-area
B-irea

P-area
-area

b I area
b -area
B-are.
B-area
b- are
B -area
B-area

B-area

UZ, each hydro unit below repository
UZ. each hydro unit below repository
UZ. each bydra unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydrQ unit below repository
UZ, -each bydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository

Mean
SCor

SCor
SDev
Mean
SCor

Mean
SCor

mean
SCor

mean
8Cor
ski

mean
SCor
Sev
Mean
SCor
88V
Mean
SCor
SOOr

Mean
SCor

SD"a

SCorSkif

8mea

Mean'

Yediu"
Low
Low

Medium
Low
Lowr

Sigh
Medium
Mediuw

Medium
Low
Low

Medium
LoW
Loe

High;
High;
Sigh

Medium,
Low
Low

Medium

Low

LoW
Medium

Medium
Low
LoW

Medium
Low
Low.
High

Medium
Medium

Medium

NAd '
NA
NA

3.9.3
NA
NA

3.9.3L
NA
NA

NA
NA
KA .
NA
NA
NA

3.9N2A
NA
NA

.KA
NA.
NA
NA
NA
NA

3.9.1.2NA

NA

NA
NA
NA
NA
NA
NA.

-3.9.2.1
NA
NA

1.6.2.2.4

NA
NA

Low
NA
NA

Medium
NA
NA
NA

NA
NA
NA
NA
NA
NA

Lo0
NA
NA

NA
NA
NA
NA
NA
NA

LoW
NA
NA

NA
NA
NA
NA
NA
NA

LoW
NA
NA

Medium

UZ,
UZ,
UZ.
UZ.
UZ,
UZ,
U2,
U2,
U:,

each hydro unit below repository
each bydro unit below repository
each hydro unit below repository
each hydro unit below repository
mach hydro unit below repository
each bhdro unit below repository
each hydro unit below repository
each hydro unit below repository
each hydro unit below repository

UZ, below repository

C ( (
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Table 8.3.5.12 3. Supporting performance parameters used by Issue 1.6 (ground-water travel

time)a (page 2 of 6)

Performance
parameter

Material Spatial
type location

Statistical
measures.
desiredb

SCP Section
where current

Needed estimate is
confidenceC discussed

Current
confidencedStratigraphic unit

Material Properties

Density, bulk

Moisture retention
curve

00
; i

041

Permeability, rela-
tive

Fault *ones
Fault moner
Rock matrix
Rocx matrix
Rock matrix

Fault sonen
Fault mones
Fractures
Fractures
Fractures
lock mess
Rock mass
Rock ases
Rock matrix
Rock matrix
Rock matrix

Fault sones
Fault some.
Fractures
Fractures
Fractures
Rock mass
Rock "as
Rock maes
Rock matrix
Rock matrix
Rock matrix

Fault *ones
Fractures
Fractures
Rock matrix
Rock matrix

Fault mones
Fault sones
Fractures
Fractures
Fractures

I-area
-area

t-area
k-ares
k-area

I-ar e
k-area
k-area
A-area
I-area
R- aea
k-area
-area

k-areaR-Oten
X -ar X

A -area

R-area
R-atea.
I -t^^a

a-area
I- area

3-area

I-area
R-ares
R-area

kVarea

R area

k-ares
Ak-area

k-area
R-are-

R-area

I-area

R-area
I-area

liz.
U:,
U:,
U:,
U2,

U:,
U:,
U:.
U:,
U:,
U:,
U:,
U:,
U:,
liz,
U:,

each hydro Unit below
each hydro unit below
each hydro unit below
each hydro unit below
each hydro unit below
each hydro unit below
eacb hydro unit below
each hydro unit below
each hydro unit below
each hydro unit below
each hydro unit below

each hydro unit below repository
each hydro unit below repository
each hydro unit below repository
each hydro unit below repository
each hydro unit below repository

repository
repository
repository
repository
repository
repository
repository
repository
repository
repository
repository

UZ, each hydro unit below repository
U2l, each bydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repoeitory
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
U2, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository

Mean
8DOW
mean
8Cor
SD,

Mean
9eWv
Mean
8Cor
8rev
MeYa
9Cor
94ev
Mean
9Cor
Spew

Mean
8Per
Mean
SCor
SDQV
Mesn
8Car
BDrv
Mean
9Cor
8Dbv

Mean

8DerMean

ms.
SDer
Yena
SCor
S0br

Medium
Low

Medium
Medium
Medium

Lao
Law
Low
LOW

Medium
Low

Medium
Medium

LOW
medium

Low
Low
Low
LOW
Low

Low
Low

Medium
Low
Low

Medium
Medium
Low

Medium
LoW

Medium
Low

Mediun
Low

Mediun

NA
NA

2.4.2, 1.6.2
NA
"A

NA
NA
NA
NA
NA
NA
NA
NA

3.9.2.1
NA
NA

NA
NA
NA
NA
NA
NA
NA
"A
NA
NA
NA

NA
HA

NA

HA
NA

NA
NA
NA

NA
NA

Medium
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

LOw
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

Permeability, rela-
tive pneumatic

Permeability,
saturated

UZ,
UZ,
U2,
U2,
U2,

U2z
UZ,
Uz,
U:,
UZ,

each hydrologic unit
each hydrologic unit
each hydrologic unit
each hydrologic unit
each hydrologic unit

each bydro unit below
each hydro unit below
each hydro unit below
each hydro unit below
each hydro unit below

repository
repository
repository
repository
repository

a



Table 8.3.5.12-3. Supporting performance parameters used by Issue 1.6 (ground-water travel
time)a (page 3 of 6)

Perforuance
parameter

Material Spatial
type location

Statistical
m'asurb
desirsd

SCP Section
where current

Needed estimate is
confidenceC discussedStratigrapbic unit

Current d
confidence

Porosity effective

Rock masm
Rock mas
Rock "Mass
Rock matrix
Rock matrix
Rock matrix

Fault zones
Fault sones
Fractures
Fractures
Fractures
Rock mesa
Rock Iass
Rock mas
Rock matrix
Rock matrix
Rock matrix

- area

3-area
R-area
I-area
3. ares
3-area

3-area,
B-area
t-area
3-area
t-area
3-area
I-area
3-area
3-area
B-area

UZ, ech hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro Unit below repository

UZ, wach hydro unit below repository
UZ, each hydro unit below repository
UZ, each bydro uit below repository
UZ, each.hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro uit below repository
UZ, each hydro unit below repository

Mean
SCoT
SDev
Mean
5Cor
SDev

Meas

Mean

SCor

Mean
SCor
SWV

High
LoW

Mediuum
High
High
Rio

Low
LoW

Low
LoW

sigh
Medium
Mediwu

High
Medium
Medium

NA
NA
NA

3.g.2.1
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA

3.g:2.1
NKA
NA

NA
NA
NA
Low
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

00

;a

61

IW
b3

System Ceometry

Contact altitude,
hydrologic units

Fault displacement

Fault locations

Rock mass
Rock wo
Rock mass

Fault songs
Fault nones
Fault Bones

Fault oones
Fault mones
Fault xones

3-area

3-area
3-area

3-area
3-area
3-area

I-area
3-area
3-area

UZ, each hydro unit below repository
UZ, each bydro unit below repositojy
UZ, each hydro unit below repository

UZ, each bydro unit blo repository
UZ, each bydro unit below repository
UZ, each hydro unit below repository

UZ, eac hydro unit below repository
UZ, each hydro unit below repooitory
UZ each hydro unit below repository

Mean
SCor
SDOv

mean
SCor
SDev

Mean
SCar
0ev,

, High
LoW

Medium

Medium
Low

Medium

sigh
Low

Medi w

8.3.5.12
NA
NA

1.3.2.2
NA
NA

1.3.2.2
NA
NA

Medium
NA
NA

Low
NA
NA

Low
NA
NA

Validation of Model Concepts

Isotopic ratios,
ground water
residence time

Fault sone
Fault *one
Fractures
Fractures
Rock matrix
Rock matrix
Rock matrix

3-area
3 area
3-area
R-area
3--area
3-area
3-area

UZ, each
UK, each
UZ, each
UZ, each
UZ, each
UZ, each
UZ, each

hydro unit below repository
hydro unit below repository
hydro unit below repository
hydro unit below repository
hydro unit below repository
hydro unit below repository
hydro unit below repository

mean
SDev
Mean
SDOe
SCar
Siex
Mean

Medium
Low

Medi u
Low
Loe
Low

Medius

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

( ( (i
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Table 8.3.5.12-3. Supporting performance parameters used by Issue 1.6, (ground-water travel

time)a (page 4 of 6)

Performance
parameter

Material Spatial
type location

Statistical
m1ures
desiredb

SCP Section
where current

Needed c estimate is
confidence discussed

Current d
confidencedStratigraphic unit

WOORL TYPE. C ILATI0I OF CNO-WATEI TRAML TIM IN TIM SATURATM ZONE

Inital and Boundary Conditions -

00

C4l

01

CA)

Flux, flow rate

Preseure bend
function of depth

Temperature, in nit

Material Properties

Density, bulk

Permeability,
saturated

Porosity, effectiv

Rock mass C-a

Ground-wster C-area

3Z, upper 100 a

82, upper 100 a

Rock mass C-areas 2, upper 100 a mean*

Fault soneu
Fault $onee
Rock matrix

Rock matrix
Rock matrix

Fault zones
Fault sones
Fractures

Fractures
Fractures
Rock mas

Rock mase
Rock Mass
Rock matrix

Rock matrix

a Fault sones
Fault zones
Fractures
Fractures
Fractures
Rock easS

Rock ss
Rock maNSS
Rock matrix

Rock matrix

C-Area
C-Area
C-area

C-area
C-area

C-Area
C->rea
C-area

C-area
C-area
C-ares

C-area
C-aresa
C-area

C- area

C-area
C-area
C-area
C-are
C-area
C-area

C-area
C- area
C- area

C-area

82, each litho unit in upper 100 a
35, each litho unit in upper 100 a
32, each litho unit in upper 100 a

SZ, each litho unit in upper 100 a
35, each litho unit in upper 100 a

SZ, each litho unit in upper 100 m
82, each litho unit in vpper 100 a
8Z, each litho unit in upper 100 m

S2, each litho unit in upper 100 a
58, each litho unit in upper 100 a
S, each litho unit in upper 100 a

S3, each litho unit in upper 100 n
S8, each litho unit In upper 100 a
SZ, each litho unit in upper 100 a

S, each litho unit in upper 100 a

S2, each litho unit in upper 100 m
SZ, each 1itho unit in upper 100 a
S2, each litho unit in uppe, 100 m
82, each lithe unit in upper 100 a
S, each litho unit in upper 100 a
S2, each litho unit in upper 100 n

S2, each litho unit in upper 100 a
SZ, each litho unit in upper 100 -
St, each litho unit in upper 100 n

S2, each litho unit in upper 100 n

mesn
30eW
Meun

Boor
830e

Yean
9Dbr
memn

BCor
SD0e
Mean

8Cor
9Dev
Heon

Bogy

mean
MTev

Ixen
8Cor
Snev
Mean

SCor
SDev
mean

Sbev

Meon

Ixean

*Mdiu

Medium.

Medium

Low
Low

Medium

Medium
Medium

Mediun
Low

Mediu

LOW
Wium
Medium

LoW
Iedium
Mediun

Low

Hedium

Mediuo
LOO

Medium
Medium

Low
Medium

LOW

LoW

3.9.4

3.6.3

1.6.2

NA
NA

2.4.2,
1.6.2
NA
NA

NA
PA

3.6.4,
3.9.2.2
NA
NA

3.6.4,
3.e.2.2
NA
NA

3.6.4,
3.0.2.2
NA

NA
NA

3.6.4
NA
NA

3.9.2.2,
3.6.4
NA
NA

3.6.4,
3.9.2.2
NA

NA
NA

Mediun

NA
NA

NA
NA

Low

MA
NA

Lowx

NA
MA

hedium

NA

HA
NA

Low
NA
MA

LO"

NA
NA

LOW

MA

Medium a

LOwN

LOW



Table 8.3.5.12-3. Supporting performance parameters used by Issue 1.6 (ground-water travel
time)a (page 5 of 6)

Performance
parameter

Material Spatial
type location

Statistical
_-meaures
de iredb

SCP Section
where current

Needed estimate is
cnid...cC discussed

Current.d
confidenceStratigraphic unit

§LteeaGeomnetry

Aquifer geoeetry

Contact altitude,
lithologic unitn

Fault displacement

Fault locations

Rock mess C area SZ, upper 100 a

Bock mss C-crea SZ, each litho unit in upper 100 m

Fault moneO C-area SZ, upper 100 a

Fault cones C-area U3, upper 100 a

mesa

Mean

Bean

Medium

Medium

Medium

Medium

3.6.1. 3.5.2,
3.0.3

3.6.1, 3.5.2,
3.9.3

NA

NA

Low

Low

NA

NA

Validation of model Concepts

Water table altitude Cround water C-area
Cround water C-area

SZ, water table level
SZ, water table level

Mean
50ev

Rgho
Low

3.9.1.2
NA

Nedium
MA

MOOS TYPBS: CAWLCLATION OIF SPATIA1, CURMILAION STIAICII3

Material PropErties

Porosity, total Fault zones
Fault Sanes
Fault bones
Fault manes
Fault gmnes
Fractures
Fractures
Fractures
Fractures
Fractures
Fracture.

Rock samsRock mass

Bach matrix
lock matrix
Rock matris

C-area
C- area
-area.
-area
R-area
C- area
C-area
C-area
I-area
B-area
I-Orea
C- area
C-area
C-area
C- area
C-aroa
C-area

8Z, each iitho unit in upper 100 a
8Z, each litbo unit in upper 100 a
UZ, each hydro unit below repository
UZ, each hydro unit elow repository
UZ, each bydro unit below repository
SZ, each litho unit in upper 100 a
SZ, each litho unit in upper 100 a
SZ, each litho unit in upper 100 a
UZ, each bydro unit below repository
UZ, each bydro unit below repository
UZ, each bydro unit below repository
SZ, each litho unit in upper 100 a
8Z, each litho unit in upper 100 a
SZ, each litho unit in upper 100 u
SZ, each litho unit in upper 100 a
SZ, eacb litbo unit in upper 100 a
8Z, each litbo unit in upper 100 a

mean
BDev
Mesa
8Cor
SDOv

SCor
SD,
Mesa
SCor

Mean
SCor

RSSf

SCar

me"
SCor

IMdiur
LoW

Medium
LoW

Medium
Medium
' Low

Medium
Medium

LoW
Ibdiur
Medium

Low
sedium
Bodiue
"diue
Medium

NHih
Nigh

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

3.9.2.2
NA
NA

2.4.2, 2.6
NA

3.9.2, 2.4.2,
2.6
NA
MA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Low
NA
NA

Mediur
NA

Mediur

NA
IA

ock atrix it-area UZ, each hydro emit below repository
Bock matrir I-area UZ, each hydro unit below repository

MODL TYPE: CALCULATION Of FACTUK MYDRIULOIC CABA.CTUESTICS

Material Properties

Fracture aperture Fault mones C-aroe S, each * itho unit in upper 100 m
Fault SoDen C-area 8Z, each litho unit In upper 10D a

Mean
50ev

Medium
LOw

NA
NA

NA
NA

( ( (
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Table 8.3.5.12-3. Supporting performance parameters

time)a (page 6 of 6)
used by Issue 1.6 (ground-water travel

Performance
parameter

Material Spatial
type location

statistical
seasur*5.
desired

SCP Section
there current

Needed c estimate is
confidenceC discussedStratigraphic unit

Current d
confidenceu

Fault *ones
Fault sone.
Fractures
Fractures
Fractures
Fractures
Fractures

R-area
R-area
C- area
C-area
K-area
I-area
R-area

UZ, each
UZ, each
SZ, each
SZ, each
UZ. each
UZ, each
UZ, each

hydro unit below repository
hydro unit below repository
litho unit in upper 100 a
litho unit in upper 100 a
hydro unit below repository
hydro unit below repository
hydro unit below repository

mean
Shev
Mean
8DevShe nMean
SCor
Shev

LOW
LOw

Medium
Low

Medium
Low
Low

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
"A
NA

00

6~

C:'

I-a

Cal
C:'

Fracture frequency

Fracture length

Fault rones
Fault rones
Fault sones
Fault tanes
Fractures
Fractures
Fractures
Fractures
Fractures
Fractures

Fault nones
Fault nones
Fault Pones
Fractures
Fractures
Fractures
Fractures

C-area
C-area
I-area
I-area
C-area
C-Arek
C-area
P-area
I-area
I-area

C-area
*-area
K-area

C-area
I-area
I-area
3-area

SZ, each litho unit in upper 100 a
SZ, each litho unit in upper 100 a
UZ, each hydro unit below repository
UZ, each hydro unit below repository
SZ, sach litho unit in upper 100 a
SZ, *acb litho unit in upper 100 a
82, each litho unit in upper 100 a
UZ, each hydro unit below repository
UZ, each hydro unit below repository
UZ, each hydro unit below repository

mea
Shev
Mean

Mean
SCor

Mean
SCor
SD.,
Mean

MeanNena
SOeO
mess
soan
8oar
Sae,

Low
Low
LoW
LOW

Medium
Low
Low

Medium
Low
Law

LOw
Low
LOW
Low
Low
Low
LoW

NA
NA
NA
NA
NA
NA
NA

3.9.2.1
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

Low
MA
"A

NA
NA
NA
NA
NA
NA
NA

82,
liz,
liz,
s2,
liz,
liz,
U:,

each litbo unit in upper 100 a
each hydro unit below repository
each hydro unit below repository
each litho unit in upper 100 a
each hydro unit below repository
each hydro unit below repository
each hydro unit below repository

System Geometry

Fracture orientation Fault *ones
Fault sone.
Fault sonec
Fractures
Fractures
Fractures
Fractures

C-ar*e
R-area
R-area
C-area
K- area

R-nrea

sz.
112,
liZ,
SZ,
liz,
liZ,
liZ.

each litho unit in upper 100 a
each hydro unit below repository
each hydro unit below repository
each litho unit in upper 100 a
each hydro unit below repository
each hydro unit below respository
each hydro unit below repository

mean
Mean
SOe,
Mean
mean
SCor
SBe,

LOW
Low
Low
Low
Low
Low
Lo'

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

a5Z = saturated sone; UZ = unsaturated sone; GMTT ground water travel time; C-area = controlled area; K-area = repository
area; litho = lithological; hydra = hydrological.

bIf n = spatially dependent mean value; 8D*v * spatially dependent standard deviation; SCMr a spatial correlation coefficient.
dRigh 5 high confidence, highest priority; Medium = medium confidence, sedium priority; Low a low confidence, low priority.

NA = not available.
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information relevant to the fourth category, model validation, is also
required.

Under each of the four categories in Table 8.3.5.12-3, specific para-
meters are requested for several distinct types of models. The parameters
may be used primarily in direct calculations of the ground-water travel times
in the unsaturated zone or the saturated zone; they may be used primarily in
models to derive hydrologic properties of fractures, or they may be used
primarily in models to define the basic spatial correlation structure of the
rock mass. Table 8.3.5.12-3 is subdivided to show which parameters are used
in each of these broad types of models.

The second column in the table, material type, indicates whether infor-
mation on the requested parameter is required about their distributions in
the rock matrix, in distributed fracture networks, as characteristics of a
sufficiently large volume of rock (rock mass), or in fault zones. The third
column, spatial location, indicates whether information is needed for the
requested parameter in the repository area or the entire controlled area.
The fourth column in the table, stratigraphic unit, indicates where in the
vertical dimension that information is needed. In the unsaturated zone,
because this issue is concerned primarily with downward water movement, most
of the information is requested only for those units at the repository level
or below. However, it is recognized that similar information may be required
for units above the repository level (see Investigation 8.3.1.2.2) in order
to infer some of the parameters requested in Table 8.3.5.12-3, such as perco-
lation flux.

The fifth and sixth columns indicate, respectively, the statistical
measures desired and confidence level set for each requested parameter. The
measure desired is either one of the first two statistical moments (mean and
standard deviation) for the-parameter or the spatial correlation coefficient.
The confidence level (low, medium, or high) indicates the relative confidence
required in the parameter of interest, with a confidence level of high also
indicating that the parameter value is of high priority, medium indicating a
medium priority item, and low indicating a low priority item. These confi-
dence levels are based on professional judgments about the relative impor-
tance of the various parameters and are not meant to imply any quantitative
definition. The confidence levels apply to confidence that the location-
dependent mean, standard deviation, and spatial correlation need to be known
to the indicated levels. Generally, for the unsaturated zone, higher confi-
dence is requested for matrix properties than for properties of fractures,
faults, or the rock mass. This reflects current judgments that matrix flow
dominates in the unsaturated zone. The relative confidence levels are also
based, in part, on the estimated feasibility of obtaining reliable informa-
tion for each of the parameters.

The seventh and eighth columns in Table 8.3.5.12-3 identify the section
in the SCP where current values for each of the identified parameters are
discussed, and the current confidence that the NNWSI Project has for each
parameter.

Table 8.3.5.12-3 lists those site parameters considered necessary to
support resolution of this issue. In general, values for parameters listed
in the table under the categories of material properties and initial and
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boundary conditions will provide the direct input necessary to calculate
ground-water travel times from the mathematical formulations represented by
Equations 8.3.5.12-1 through 8.3.5.12-5. However, some parameters in those
equations are not requested by Table 8.3.5.12-3. For example, the viscosity
and density of water and the value of the acceleration due to gravity were
not requested because they can be readily obtained from scientific handbooks.
The specific storage parameter in the first term on the left-hand side of
Equation 8.3.5.12-1, which represents responses to transient, stressed
conditions, is not requested because pre-waste-emplacement travel times will
be calculated under steady or near steady conditions. Also, the parameter
in Equation 8.3.5.12-2, representing the specific moisture capacity of the
rock and compressibilities of fluid and rock, is not requested because it can
be derived from values from a combination of the-requested moisture retention
curves and from values from literature sources.

The parameters in Table 8.3.5.12-3 related to fracture geometry in the
unsaturated zone will be required if evaluation of flow in fractures is
required. Values of these parameters for unsaturated units will be used to
infer the hydrologic properties of fractures including relative permeability
and associated effective porosity, perhaps in the manner of Wang and
Narasimihan (19886), only if fracture flow below the disturbed zone is
sufficiently widespread or probable to warrant analysis. Similarly, bulk -

density is listed as a contingency for preserving the option to consider
diffusion of nonsorbing tracers in the event of significant fracture flow.
The term involving diffusion of tracer particles between the matrix and the
fractures is not shown in Equations 8.3.5.12-1 and 8.3.5.12-2 because these
equations are ground-water flow rather than transport equations. If
diffusion is to be considered then the transport equations developed in Issue
1.1 would apply (Section 8.3.5.13).

For both the unsaturated and saturated zones, the confidence levels set
for individual parameters reflect current judgments of their relative impor-
tance to ground-water travel time. If the mean values currently available
(Chapters 1 through 3) for the parameters listed in Table 8.3.5.12-3 are good
estimates of the true values, then those values are probably adequate to show
compliance with the performance goals set for this issue. In no instance is
the current level of confidence high for any of the parameters listed.

The actual parameters requested are the first two statistical moments
(mean and standard deviation) and the spatial correlation coefficients of
each of the properties for each of the hydrogeologic units. Thus, the
confidence levels apply to confidence that the three-dimensional location-
dependent mean, standard deviation, and spatial correlation within each unit
are known to the indicated level of -confidence. Generally, more samples are
required to obtain higher confidence levels for, respectively, means,
standard deviations, and spatial correlations of individual properties. This
is particularly true for geologic materials where properties are commonly
treated as regionalized variables (Matheron, 1971). This strategy -of
assigning confidence goals to statistical parameters of distinct properties
varies somewhat from the general approach for issue resolution discussed in
Section 8.2.2 wherein target goals are requested for the value of a property
with specified confidence or within specified intervals. Given the nonunique
combination of property values that will satisfy the performance goal and the
potentially large contribution of spatial and statistical variability of
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propertieq to uncertainty in travel-time predictions- (Codell, 1988; Sinnock
et al...1988), definition of the statistical characteristics of property
distribution'will amore effectively and efficiently reduce uncertainties, at
least for this issue,. than specification of- target values for the properties.
Because spatial variability is a major source of uncertainty in predictions
of.ground-water travel time, it is prudent to characterize the spatially
dependent statistical structure of the' variables .

A large number of samples may need to be. tested to obtain high confi-
dence in.some parameters over the entire repository.;site, particularly the
spatial correlation. This is because the porous tuff formations are probably
heterogeneous, with hydrogeologic properties varying in an irregular manner
in space both horizontally'and vertically. The heterogeneity can be
characterized by the autocorrelation of the'properties of interest as a
function of spatial separation. This autocorrelation is referred to in the
remainder of this section as spatial correlation. Different scales (sample
separation differences) should be sampled reliably to assess the vertical and
horizontal spatial structure of.parameter statistics within each hydro-
geologic unit. The scale over which a measurement averages flow parameters
should be evaluated to estimate the proper hydraulic properties of the medium
to use in modeling exercises. The laboratory and even field scales of
property measurements are usually relatively small compared with the rock
mass represented in numerical simulations. Modeling-scale properties of the
fractured porous rock mass need to be developed, accounting for the
uncertainty in both the fracture and matrix variability, by calibrating the
modeling data with the actual measurements obtained from cores, in situ .
tests, and subsurface observations in the exploratory shaft. The effect of
different scales on hydrologic property values will be investigated in
Sections 8.3.1.2.2 and 8.3.1.4.3. Definition of the scale-dependency and
spatial variability may require systematic, relatively dense sampling of the
properties of interest (or their correlated surrogates).

To indicate the level of detail at which the information is required for
resolution of this issue-,,a desired level of confidence, for example high,
medium, or low,'is indicated in Table 8.3.5.12-3.. Because of the paucity of
current information on hydrologic properties and characteristics, the
requested levels of confidence are.only qualitative. These qualitative
levels relate to the width of the confidence interval for means and vari-
ances, with high indicating that the desired confidence interval for the
value is smaller than the interval for a medium level of confidence. For.
spatial.correlation, increasing confidence is taken to mean extending the
spatial correlation coefficient (variogram) over a greater distance range, at
a given level of confidence. Quantitative levels may be set as the hydro-
logic models are more completely defined and knowledge is improved about the
effects of parameter distributions, interrelationships, and characteristics
on uncertainty in ground-water travel time.

Confidence in means, standard deviations, and spatial correlations can
be enhanced by defining the covariance coefficients among different param-
eters, within and between individual hydrogeologic units, and using the
spatial distribution of one parameter to constrain the distribution of
another. To be most effective, this approach should rely on measurements of
correlated parameters on a single physical sample. Therefore, design of a
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sampling and testing program should, to the extent practical, sequence
measurements of different parameters on single samples.

Although little specific information is called out within Table
8.3.5.12-3 to define the conceptual hydrologic models, it is evident that
definition of alternative conceptual hydrologic models and assessment of
their relative likelihood for the unsaturated and saturated zones is an
important requirement for evaluating ground-water travel times. Chapter 3
more explicitly addresses some of the sources of uncertainty about
unsaturated-zone conceptual models, and these uncertainties are shared by
this issue, including questions about coupling processes between matrix and
fracture flow and about scaling laboratory and field measurements to a
sufficiently large volume of rock for numerical modeling.

Hydrologic concepts and data needed to calculate ground-water travel
times are provided by the site characterization programs 8.3.1.2 and 8.3.1.4.
Calculation of the ground-water travel-time distribution will probably be
made with versions of different calculational models. Calculational models
are subject to refinement as conceptual understanding of flow in unsaturated
and saturated, fractured porous tuff increases and as Additional data are
acquired from site characterization. The hydrologic parameters and confi-
dence levels listed in this information need will probably be revised as the
current versions of calculational models are refined.

No specific activities are defined for this information need. However,
as more information about site data and geostatistical modeling becomes
available, the data needs defined in this section will be continually
reevaluated (see Section 8.3.5.12.4.1.1).

8.3.5.12.1.1 Application of results

The information called for in this information need is a summary of
data about site characteristics required to satisfy Issue 1.6. As such,
satisfaction of this information need will provide the input parameters for
modeling activities described under Information Needs 1.6.2 through 1.6.4.

8.3.5.12.1.2 Schedule and milestones

There are no activities for Information Need 1.6.1. For this reason, a
timeline figure is not presented in this section.

Information Need 1.6.1 supplies parameters to Information Needs 1.6.2
through 1.6.4, whereby models and codes for calculations of ground-water
travel times are determined, likely paths of radionuclide transport are
identified, and the fastest travel time along the most likely path is
determined. Sections 8.3.1.2 (geohydrology program) and 8.3.1.4 (rock
characteristics program) describe the logic for how the parameters required
by this information need will be generated.
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8.3.5.12.2 Information Need 1.6.2: Calculational models to predict
ground-water travel times between the disturbed zone and the
accessible environment

Issue 1.6 addresses the performance objective that pre-waste-emplacement
ground-water travel time along the fastest path of likely radionuclide travel
from the disturbed zone to the accessible environment shall be at least 1,000
yr. Direct measurements of ground-water travel time are not feasible because
the time and distance scales are too great for direct observation.
Resolution of the issue-will be demonstrated primarily by using numerical
models to make quantitative estimates of the distribution of ground-water
travel time and by comparing these -estimates to the performance goals.
Models that describe the appropriate physical processes are needed for
estimating the ground-water travel times. Several types of calculational
models are required to provide tools for determining the pre-waste-
emplacement ground-water travel time.

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Currently available calculational models for ground-water travel time
are alluded to in Section 3.9, and more comprehensively listed in Section
8.3.5.19. The conceptual basis for the current models and those that may be
developed in the future is described in Section 3.9, and the basic mathe-
matical formulations of current models is given in Information Need 1.6.1,
Section 8.3.5.12.1.

Parameters

The following information must be available to select a set of calcu-
lational models for establishing ground-water travel time:

1. Site parameters described in Information Need 1.8.1 (Section
8.3.5.12.1) and listed in Table 8.3.5.12-3.

2. Conceptual models of water flow through the unsaturated and the
saturated zones at the Yucca Mountain site. The conceptual
models should consist of a description of the physical processes,
including a definition of the limits of the processes, a listing
of parameters believed to be relevant to the process, and a
statement of the parameters that the model will predict.

3. A three-dimensional geometric model of site parameters alluded to
in item 1. This geometric model should be capable of associating
single values, multiple values, or variations of values for the
hydrological and geochemical parameters with specific three-
dimensional locations at the Yucca Mountain site.

Logic

The types of calculational models required depend upon the approaches
used to resolve the ground-water travel-time performance objective,
reflected in the technical basis described for resolving Information Needs
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1.6.3 and 1.6.4 (Sections 8.3.5.12.3 and 8.3.5.12.4). A sufficient under-
standing of the flow behavior at Yucca Mountain, as well as interpretations
of the available data, are needed to select an appropriate suite of models
for resolving this issue. Once the physical processes of the flow system
have been hypothesized (the issue resolution strategy, Section 8.3.5.12 and
the geohydrology testing strategy, Section 8.3.1.2) and a proper set of
variables (or data) has been identified (Section 8.3.5.12.1), mathematical
and numerical models of the flow behavior can be formulated. Many alterna-
tive considerations are examined: What dimensionality and scale of modeling
should be used? Can simplifying approximations to the physical processes be
used? Should a homogeneous-parameter or heterogenous parameter model be used
to quantify physical properties of discrete hydrogeologic units? What are
the proper mathematical forms of the processes embodied by the models? What
are the proper geometric and mathematical forms of boundary and initial
conditions?

Ground water at the Yucca Mountain site flows through fractured porous
tuff in both saturated and unsaturated conditions. Current conceptual models
of Yucca Mountain postulate that flow takes place in matrix pores or in
matrix pores in combination with fractures. The matrix porosity is made up
of interconnected microscopic pores within tuff blocks bounded by fractures.
The fracture porosity is made up of joints and fault zones. Indeed, the many
fractures can be envisioned as homogeneous within the framework of continuum
models at an appropriately large scale. Faults may serve as specific
discontinuities, boundaries, zones of high permeability, etc., but they may
be too few and too influential to justify a continuum approach. The
different types of calculational models that may be used to simulate the flow
through fractured, porous systems are discussed in the following paragraphs.

The equivalent porous medium type of model (Bear, 1972) is based on
representative elemental volume concepts and on the assumption that any flow
through fractures is Darcian. The equation of flow is described by the
conservation of mass, including terms for advection, storage, dispersion,
diffusion, and sinks and sources. The underlying assumption is that physical
quantities such as porosity, conductivity, and pressure can be averaged over
large blocks of rock containing a large number of fractures. There is no
well-defined method for computing the equivalent porous medium parameters
even if the fractures are completely described, although several models are
being constructed to generate unsaturated porous-media properties from
detailed structural and physical concepts. When available, these methods may
be applied to the unsaturated zone. Equivalent porous medium models are
generally taken to be the most realistic way of calculating regional scale
and local scale (repository area) saturated ground-water flow. Thus, this
type of model will be used for saturated flow simulations used to calculate
travel times. The parameters needed for this model are hydraulic conduc-
tivity, effective porosity, specific storage, the flux and head at the model
boundary, and initial head conditions within the model area.

The double porosity type of model (Barenblatt et al., 1960) lumps all
the matrix blocks into one continuum and all the fractures into another
continuum and develops a coupling term between the two continua. The rock
matrix continuum is commonly characterized by low permeability and high
storage, while the fractured continuum is usually characterized by high
permeability and low storage. Therefore, the rock matrix often controls the
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late time response of the system to pressure or stress transients, while the
fractured continuum controls the early time response of the system. This
system- can be described -by two mass conservation equations, one for each
continuum. If flow is highly dominated, by either matrix or fractures, the
need for two continua is questionable and reasonable approximations can be
obtained by a single equivalent porous medium approach. The parameters
needed for the saturated zone are the effective porosity, hydraulic conduct-
ivity, and the pressure for both matrix and fracture continua; the flux of
water; and'a coupling function representing the transfer of fluid between
rock matrix and fractures, including, as appropriate, hysteretic behavior of
relative hydraulic conductivity and effects of mineral coatings on fracture-
to-matrix conductivity. Physical parameters, such as porosity and perm-
eability, associated with.the fracture continuum are obtained from fracture
properties such as aperture width, spacing, and orientation. This approach
probably will not be used in the studies currently planned because of the
current beliefs that flow in the unsaturated zone is predominantly con-
strained to the matrix pores and in the saturated zone to the fractures.

A special case of the double porosity model, called a composite medium
model (Klavetter and Peters, .1986), can be derived by.adding the two contin-
uum equations, assuming the potential fields for the two systems (matrix and
fractures) are in equilibrium. The validity of this fundamental assumption
will be tested by the site characterization program for geohydtology (Program
8.3.1.2). Such superposition is practical in the representative elementary
volume approach for saturated flow but has not been demonstrated to be appli-
cable to unsaturated flow. As for the double porosity model, the composite
medium model is only applicable under the steady or nonsteady conditions
where both matrix pores and fractures are involved in the flow. This model
will be provisionally accepted to describe unsaturated flow under transients
that cause fracture flow. The parameters required for unsaturated conditions
are the relative permeability and saturation as. a function of pressure head,
effective porosity, and initial conditions; all these parameters are required
for both the matrix and fractures (Table 8.3.5.12-3). This type of model
will be used primarily to investigate local behavior of fracture and matrix
flow within and between units under variable flux conditions to help generate
representative concepts, parameters, and flow paths for use in site scale
models.

Another approach to investigating the relations between matrix and
fracture flow involves discrete fracture models that treat fractures and
discontinuities individually rather than as a continuum. The drawback to a
discrete fracture model for site scale applications is the amount of detail
that is required as input for a large number of fractures and the accom-
panying difficulties in modeling the discrete fractures throughout a large
volume. For small scales, an efficient approach can be applied by using.
statistical descriptions of fracture characteristics to generate synthetic
fractures sets, then simulating the flow through the fractures and between
the matrix blocks and the fractures (Long et al., 1982; Wang and Narasimhan,
1985, 1988). Microfractures, which are too numerous to simulate discretely,
may be included within the hydraulic properties of the fracture or matrix
continuum, as is true for any modeling approach accounting for dual porosity
effects. This type of model will be used to augment a composite medium model
to establish proper generalized parameters for use in simpler site-scale

8.3.5.12-42



CONSULTATION DRAFT

models. Of particular interest are the potential for channeling of fracture
flow and other complications that may result in generalizing the character-
ization of the fractures.'

The phenomena of flow in fractured porous tuff are complicated, especi-
ally in the unsaturated zone. In particular, the mathematically nonlinear
description of permeability changes caused by saturation changes (flux
transients) in the differential equations of flow become very difficult to
solve, especially where material property contrasts occur between matrix
blocks and fractures or across unit contacts. If the spatial variability of
properties within units is considered, the difficulties of numerical con-
vergence are increased many fold. To attempt to overcome some of these
numerical difficulties, development of simplified models'that avoid itera-
tive, convergent solutions of the mass-balance differential equations will be
pursued. Current ideas point toward direct kinematic or direct simulation
models that calculate velocity, simply, as flux divided by moisture content,
where flux is treated as an independent boundary condition. For example, the
velocity of ground water in unsaturated flow may be approximated in one-
dimensional analysis by dividing percolation flux by the-moisture content in
the matrix pores. If the flux is greater than the saturated hydraulic con-
ductivity, the travel time is calculated from the velocity of flow through
fractures (Sinnock et al., 1986). This, or similar simplified models, will
be used to the extent it can be demonstrated as reliable or conservative for
site-scale calculations of travel-time distributions. Currently, it is
believed that there is a possibility of lateral'diversion at-some unit con-
tacts or within single units. In this case, one-dimensional vertical flow
may be an oversimplification and horizontal components might need to be
accounted for in defining a set of one-dimensional flow lines. The computing
efficiency associated with such one-dimensional kinematic models allows
available computing power to be focused on resolution of the effects of
spatial heterogeneity.

As currently planned, a stochastic type of model that generalizes flow
processes while enhancing spatial resolution of property variations will
serve as the primary site-scale model. Using this approach, ground-water
travel time can be treated as a random variable rather than as a fixed
quantity through any given distance (Codell, 1986). One source of the
variability of ground-water travel time is caused by spatial heterogeneity of
the parameters. Irreducible uncertainty about site characteristics with
regard to spatial and temporal variabilities will always lead to uncertainty
in ground-water travel time. To account for the spatial variability and,
uncertainty of parameters (e.g., hydraulic conductivity and effective
porosity for both the matrix and fractures, and for initial and boundary
conditions), many random realizations of the parameter sets will be used to
estimate a travel-time probability distribution that reflects parameter
uncertainties that are themselves expressed as probability distributions.
Such a procedure is known as a Monte Carlo simulation and will be applied to
estimate the ground-water travel-time distributions for comparison with the
travel-time goals set in Section 8.3.5.12. A preliminary application of this
approach was used to generate the cumulative distribution functions for
travel time (Sinnock et al., 1886) in Sections 3.9.4 and 8.3.5.12. A more
direct stochastic method is to treat numerically the parameters and dependent
variables of the governing equations as random processes rather than as
deterministic quantities. The partial differential or kinematic equations
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describing flow are solved in terms of means and variances of the dependent
variables. The direct stochastic method of modeling has been rapidly
developing in recent years (Mantoglu and Gelhar, 1985; Yeh et al., 1985). A
good estimate of input covariances of the hydrogeologic parameters is
required for such stochastic modeling. If feasible, this direct stochastic
approach may be used to supplement or supplant reliance on Monte Carlo
simulations.

The proper application of each type of model is determined by its role
in building confidence that the flow time can be adequately simulated and
that uncertainty can be adequately accounted for. The level of complexity of
the phenomena included in the model depends on the purpose for which the
model is intended. A flow-system model will be developed to incorporate
spatial variability, temporal variability, and uncertainty. Once a modeling
concept has been developed to some level of sophistication, a period of
evolution begins, wherein the important features of the model are retained
and inconsequential features are eliminated. This occurs by comparing the
results of simulations using various approaches, modifying the models to test
the assumptions, calibrating and validating the models, performing
sensitivity analyses and uncertainty analyses, and incorporating new data
into the analyses. The correctness of results predicted by the model will be
tested against analytical solutions of a similar model and against laboratory
and field data. When discrepancies appear, the models may undergo
modification and further modeling tests may be performed until a
self-consistent model of the flow system is built.

In summary, the calculational models required to estimate ground-water
travel times from the disturbed zone to the accessible environment include
(1) local (small scale) models for both the unsaturated zone and saturated
ground-water flow to establish the proper processes to consider in the flow
description at the site, (2) a travel-time model to determine ground-water
travel time based on simplifications of the flow processes established by the
local scale models, and (3) a statistical model to incorporate the uncer-
tainty in the input information into the travel-time model and to provide a
probabilistic estimate of ground-water travel time.

8.3.5.12.2.1 Activity 1.6.2.1: Model development

The objective of this activity is to develop calculational models for
predicting pre-waste-emplacement ground-water travel time. Two subactivities
are involved in this activity.

8.3.5.12.2.1.1 Subactivity 1.6.2.1.1: Development of a theoretical
framework for calculational models

Objectives

The objective of this subactivity is to assess conceptual and mathema-
tical representations of unsaturated flow phenomena in fractured porous media
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and adopt a set or sets of equations for use in calculating ground-water
travel time.

Description

This subactivity will assess the concepts and hydrologic mechanisms
governing fluid flow in partially saturated fractured porous tuff at Yucca
Mountain. Section 8.3.1.2.2, under the geohydrology program, will describe
the unsaturated zone'hydrologic system at Yucca Mountain. This activity will
work in conjunction with plans described in Section 8.3.1.2.2 to develop one
or more mathematical representations of the hydrology at the site that are
suitable for use in the calculation of ground-water travel time.

8.3.5.12.2.1.2 Subactivity 1.6.2.1.2: Development of calculational models

Objectives

The objective of this subactivity is to develop computer algorithms for
calculational (numerical) models to estimate ground-water travel time.

;Description

This subactivity will refine existing computer algorithms or develop new
ones that embody (1) local flow models for investigating the mechanisms of
flow in the unsaturated and saturated zones, (2) travel-time models for esti-
mating'ground-water travel time, and (3) statistical models for incorporating
the uncertainty in a probabilistic manner. This subactivity will modify
present calculational models by comparing them with other models incorporat-
ing different levels of sophistication, field test results from the geohy-
drology program about the conceptual' assumptions within the models, and the
results of sensitivity analyses. These calculational models will be devel-
oped in cooperation with related efforts in Section 8.3.1.2.2.

8.3.6.12.2.2 Activity 1.6.2.2: Verification and validation

The'objective of this activity is code verification and model valida-
tion. Two subactivities are involved in this activity.

8.3.5.12.2.2.1 Subactivity 1.6.2.2.1: Verification of codes

Objectives

This subactivity will ensure that the computer algorithms making up the
codes correctly perform the intended numerical operations;
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Description

The numerical accuracy of the calculational models used in analysis of
flow will be verified by tests including comparison to analytical solutions
and benchmarking against other codes. Currently, the NNWSI Project is
participating in HYDROCOIN, an international effort to verify and support
validation of computer codes to be used in assessments of environments
related to nuclear waste disposal. The NNWSI Project has also instituted a
formal code verification activity, COVE, for all performance assessment codes
used by the project. For more information, refer to Sections 8.3.5.19 and
8.3.5.20.

8.3.5.12.2.2.2 Subactivity 1.6.2.2.2: Validation of models

Objectives

The objective of this subactivity is to ensure that the conceptual
models and their mathematical and numerical representations correctly account
for the physical processes relevant to determining ground-water travel time.

Description

The correctness of theoretical and mathematical models in the simulation
of flow phenomena relevant for assessing travel time will be addressed by
model validation. The validation tests will involve, to the extent possible,
comparisons of model predictions with laboratory experiments and field data
or comparisons with other models already validated. The correctness of
results predicted by a model will be tested against similar models (verifica-
tion) and against appropriate laboratory and field data (validation). If
discrepancies occur, the models may undergo modification and further verifi-
cation and validation until the code predicts observed behavior with accept-
able accuracy or the range of uncertainty associated with code predictions
will be extended. For more information, refer to Section 8.3.5.19. Plans
for the subactivity listed below are under development to provide laboratory
test data to help validate the flow codes.

This subactivity will perform laboratory experiments that will provide
direct observations of flow behavior in unsaturated media that can be
compared with code predictions and used to support validation of mathematical
models describing unsaturated fluid flow. Integrated sets of laboratory data
will be obtained and the hydrologic properties of the samples used in the
validation experiments will be measured. This subactivity is divided into
two separate parts. The first is responsible for designing and performing
the validation experiments. The second is responsible for ensuring that the
hydrologic property values required by the mathematical flow models have been
determined for the samples used in the validation experiments.

The specific process for validation has not been developed. General
factors to be considered in model validation are described in Section
8.3.5.19 and include laboratory experiments. Computer codes that embody the
unsaturated flow model(s) have been developed and are continuing to be
developed. This activity will work closely with the work described in
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Sections 8.3.5.19 and 8.3.5.20 by providing experiments appropriate for
validating unsaturated flow models; however, this activity will not itself
validate the models.

Under the first part of this subactivity, laboratory hydrologic
experiments will be designed and performed to support comparison of
unsaturated flow models to laboratory observations. The mathematical models
to be validated are those whose predictions will be used in Issue 1.1
(Section 8.3.5.13) and in this issue. The computer codes in which those
models are embodied and the factors involved in the general validation
process are summarized in Section 8.3.5.19.

The validation process is currently at a very immature stage. A primary
effort within this subactivity will be to design hydrologic experiments that
can be sufficiently controlled to produce integrated sets of data such that
every relevant component of the model is addressed. Some experiments may
address single components of the model and others may address the composite
response of the entire model. Although the time frame of the experiments
generally will not be comparable to the time period desired for the applica-
tion of the model, the loads imposed in the experiments will be'as comparable
to those expected in situ as possible, perhaps accounting for time'and dis-
tance scaling factors. In general, the experiments will be designed to moni-
tor water movement (either wetting or drying processes) in laboratory-scale
samples under tightly controlled boundary conditions. Materials may range
from tuff samples of various kinds to synthetic or natural materials such as
sand. The main parameters to be measured will include pressure, saturation,
boundary conditions of pressure, saturation, and temperature profiles, and
time.

Two experiments have been designed at this time: One is an imbibition
(wetting) experiment and the other is a drying experiment. Laboratory
scoping experiments of both imbibition and drying processes have already been
performed on a welded-tuff sample of cylindrical geometry to develop the
necessary instrumentation. In the imbibition experiment, a dry sample of
cylindrical geometry will be placed within a core holder and pressure vessel.
Pressure conditions will be monitored. One-dimensional water movement will
be induced by initiating a constant water flux at one end. The transient
saturation profile along the sample will be monitored using a (nonintrusive)
gamma-beam attenuation technique. The experiment will be terminated after
full saturation'is reached. The sample will be tested initially under
isothermal conditions.

The drying experiment will use the same sample and experimental appar-
atus used in the imbibition experiment. A dry gas stream will be passed over
one or both ends of the saturated sample. The saturation along the sample
will be monitored as a function of time as the sample dries out.

The purpose of the second part of this subactivity is to characterize
the hydrologic properties of the samples used in the model validation
experiments. The parameters determined will be'those required by the
unsaturated flow model to be validated. The general unsaturated flow model
(e.g., Section 8.3.5.12.1, Equation 8.3.5.12-2) requires the following input
parameters:. hydraulic conductivity as a function of pressure'head, satura--'
tion as a function of pressure head, and porosity. The first two parameters
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are often referred to as characteristic curves of the material. The curves
should be determined under the same water movement process (either wetting or
drying) as took place in the validation experiment.

This subactivity will cooperate with the work performed under
Investigation 8.3.1.2.2 to characterize the hydrologic properties of the
tested samples. The results will be documented and supplied to the
Scientific and Engineering Property Data Base for use in the validation
process.

Although no validation of models will occur under this subactivity, the
experimental efforts will be closely coordinated with work described in
Sections 8.3.5.13, 8.3.1.2, and 8.3.5.19 to ensure that appropriate and
sufficient laboratory hydrologic experiments are performed to support model
validation.

Methods and technical procedures

The methods and technical procedures for Subactivity 1.6.2.2.2.1 are
given in the following table.

Technical procedure
Method Number Title Date

Imbibition/drying TBDa Determination of fluid saturation TBD
characterization in unsaturated consolidated
using gamma-beam porous material using gamma-
attenuation beam attenuation

Other methods to TBD The methods and procedures TBD
be determined as used will be those that
required are determined by the proto-

type testing within Activity
8.3.1.2.2.3.1., (matrix hy-
drologic properties testing),
to be the most appropriate to
measure property values for
the desired parameters

aTBD to be determined.

8.3.5.12.2.3 Application of results

The information provided by satisfaction of this information need will
be used in Information Need 1.6.3 (description of ground-water flow paths)
and Information Need 1.6.4 (calculation of pre-waste-emplacement ground-water
travel time).
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8.3.5.12.2.4 Schedule and milestones

This information need contains two ongoing activities: 1.6.2.1 (model
development) and 1.6.2.2 (verification and validation). In the figure that
follows, the schedule information for these activities is presented in the
form of timelines. The timelines extend to the issuance of the final prod-
ucts associated with each activity. Summary schedule and milestone informa-
tion for these activities can be found in Section 8.5.2.2.

Both of the activities in this information need proceed in parallel with
the other information need activities in this issue. The activities are not
seriously constrained by other program elements. Groups of subactivities,
however, are required to-be sequential: initial concept verification and
model validation must be performed before the models can be used; preliminary
modeling efforts must be completed prior to final verification and validation
efforts.

The activity numbers corresponding to the timelines are shown on the
left of the following figure. The points shown on the timelines represent
major events or important milestones associated with the activity. Solid
lines represent study durations and dashed lines show interfaces. The data
input and output at these interfaces are shown by circles and described in
the numbered notes.

PERFORMANCE
ASSESSMENT
ACTIVTY 1

1.6.2.1t
Model
development 4 ()

6 7

1.6.22
Verification
& validation

- :', ' I ' I I ME : I22
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The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

1 Milestone P650.. Issue report on concepts of flow in partially
saturated tuff.

2 Report on concepts of flow and transport in tuff available to
Information Needs 1.6.3 and 1.6.4.

3 -Update of conceptual, mathematical, and numerical models
(codes) for use in identification of fastest flow path
(Information Need 1.6.3) and calculation of ground-water
travel time (GWTT) (Information Need 1.6.4). Activity to be
reported in Milestone M183, Information Need 1.6.4.

4 Final codes and models developed and selected for use in
calculations of GWTT for the draft environmental impact
statement (DEIS) and license application. Activity to be
reported in Milestone P652, Information Need 1.6,4.

5 Results of final code and model development supplied as input
to Information Need 1.6.4.

6 Milestone R073. Development of verification and validation.
strategies.

7 Milestone P227. Verification of codes and validation of models
used for identification of fastest path and calculation of
GWTT for DBIS and license' application.

8.3.5.12.3 Information Need 1.6.3: Identification of the paths of likely
radionuclide travel from the disturbed zone to the accessible
environment and identification of the fastest path

Descriptions of flow paths in both the unsaturated and saturated zones
are required to determine the proper pathways for assessing pre-waste-
emplacement ground-water travel time along the fastest path of likely radio-'
nuclide travel from the disturbed zone to the accessible environment; this
information is used in Information Need 1.6.4 (Section 8.3.5.12.4). In
addition, the flow paths, velocities,-fluxes, boundary conditions, and
initial conditions throughout the site will be developed as input to predict
the cumulative curies transported to the accessible environment under normal
conditions for Information Needs 1.1.4 and 1.1.5 (Sections &.3.5.13.4 and
8.3.5.13.5).

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Current information on flow paths at the Yucca Mountain site is
discussed in Chapter 3 and Section 8.3.1.2.
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Parameters

The results obtained from Information Need 1.6.2 (calculational models)
together with a hydrogeologic model of-the Yucca Mountain ground-water flow
system are needed to satisfy this information need.

Logic

Compliance with the ground-water-travel-time performance objective
requires (1) identifying the pre-waste-emplacement environment and its
potential spatial and short-term temporal variabilities, (2) calculating flow
paths in the flow domain, and (3) identifying the fastest path of likely
radionuclide travel. At Yucca Mountain, the flow paths pass through both the
unsaturated and saturated zones. A general conceptual model of flow in the
unsaturated zone was presented in Section 3.9. This general conceptual model
is flexible enough to accommodate various alternative hypotheses that are
based on current understanding-of the hydrogeologic characteristics at the
site. Several alternative conceptual models can be derived by assuming
different hypotheses. Each of the alternative conceptual models may produce
different likely paths for radionuclide travel. Alternative interpretations
of regulatory intent for defining 'fastest path' and 'likely radionuclide
travel' also introduce difficulty in identification of the fastest path.
Currently the cumulative distribution functions of travel time (CDF) have
been generated in the following two ways:

1. By combining the random travel times of each of the likely paths
throughout the site, into a single CDF. - The fastest path is then
defined as a geometrically ambiguous set of travel times repre-
senting some fraction of these random times. The variance of the
total suite of travel times is the indicator of uncertainty'of the
travel time along the 'fastest path.'

2. By generating a CDP from the expected (e.g., mean of a CDF for each
discrete flow tube) travel times of all the paths. The fastest path

- is then defined as some set of these paths (flow tubes) having an
identified geographic location and specified, maximum expected -
travel -time. The variance of travel time along these geometrically
defined fastest paths is the indicator of uncertainty of travel
time.

Numerical modeling based on alternative conceptual models will provide
quantitative predictions of flow fields and flow tubes (pathways). The flow
paths that are currently hypothesized, as well as any that may be identified
by field observations during characterization, will be numerically modeled to
predict pressure head distributions and define flow fields. These models
will evolve as new data become available during the characterization process.
Using one or-more models of-the hydrology of the unsaturated and saturated
zones at-Yucca Mountain, the range of likely flow paths-will be determined.
Because current concepts include the possibility of lateral diversion of- flow
in the unsaturated zone, determination of flow paths in the unsaturated zone
will entail two-dimensional calculations. -The definition of flow paths will
be coordinated with activities under the geohydrology program, Section
8.3.1.2. -
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Once the flow field is established, the velocity and travel time along
individual flow tubes will be calculated. These travel times will be plotted
as maps and cumulative distribution functions from which the fastest paths
can be identified. If the formal definition of a fastest path of likely
radionuclide travel incorporates flow from the entire disturbed zone bound-
ary, then the fastest paths will be identified as those originating at that
boundary and the vitric Calico Hills unit will be a primary barrier. If the
fastest path is defined as the geometric location of the fastest flow tubes,
then the facility location could be changed, if necessary, to ensure adequate
thickness of specific hydrogeologic units to provide high confidence of
1,000 yr travel times along the fastest flow tube.

8.3.5.12.3.1 Activity 1.8.3.1: Analysis of unsaturated flow system

The objective of this activity is to determine which flow paths or sets
of flow paths of likely radionuclide travel in the unsaturated zone will be
used in ground-water travel time calculations.

8.3.5.12.3.1.1 Subactivity 1.6.3.1.1: Unsaturated zone flow analysis

Objectives

The objective of this subactivity is to determine pre-waste-emplacement
unsaturated flow paths from the disturbed zone to the water table'. This
description of flow paths will be performed in conjunction with Activity
8.3.1.2.2.10.3. The fastest path of likely radionuclide travel through the
unsaturated zone will be identified.

Description

.Concepts of the behavior of fluid flow in fractured, unsaturated tuff
media will be used in conjunction with Study 8.3.1.2.2.6.3-to develop and
apply two-dimensional numerical models of unsaturated flow. Flow paths in
the unsaturated zone will be simulated. Likely paths of radionuclide travel
will be identified.

8.3.5.12.3.1.2 Subactivity 1.8.3.i.2: Saturated zone flow analysis

Objectives

The objective of this subactivity is to determine which flow paths or
set of paths of likely radionuclide travel in the saturated zone will be used
in ground-water travel time calculations.

Description

The local region around Yucca Mountain will be modeled in conjunction
with studies described in Section 8.3.1.2.3 by two-dimensional finite-element
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analysis to support the ground-water travel-time calculations. The inverse
problem, in which the head field will be predicted based on a set of conduc-
tivity fields, will be performed iteratively, and boundary heZa values will
be interpreted from the regional model developed under Section 8.3.1.2.3.3.
The finite-element mesh will be drawn to follow known or suspected geologic
features that may-influence fluid flow. -Flow paths will be simulated in the
saturated zone. This activity will be coordinated with the saturated zone
modeling performed in Section 8.3.1.2.3.3.3. Part of this activity will
entail defining the boundary of the accessible environment based on the
direction of ground-water flow in the saturated zone.

8.3.5.12.3.2 Application of results

The information provided for the satisfaction of this information need
will be used in the following areas:

1. Input to Information Need 1.6.4 (Section 8.3.5.12.4) to determine
pre-waste-emplacement ground-water travel time.

2. Input to Information Needs 1.1.4 and 1.1.5 (Sections 8.3.5.13.4 and
8.3.5.13.5) to use in prediction of radionuclide transport to the
accessible environment under nominal conditions.

3. Input to Information Need 1.6.5 (Section 8.3.5.12.5) to use in the
definition of the disturbed zone.

8.3.5.12.3.3. Schedule and milestones

This information need contains one ongoing activity: 1.6.3.1, analysis
of unsaturated zone flow system. In the figure that follows, the schedule
information for this activity is represented in the form of a timeline. The
timeline extends to the issuance of the final product associated with the
activity. Summary schedule and milestone information for this information
need can be found in Section 8.5.2.2.

The modeling work undertaken in this information need proceeds in par-
allel with activities 'listed under Information Need 1.6.2 and 1.6.4. Param-
eters required by the activity are provided through Information Need 1.6.1
from data generated through the studies in Section 8.3.1.2. Results of this
activity provide data to Information Need 1.6.4, where ground-water travel
times along the fastest path of likely radionuclide migration are determined.

The activity number and title corresponding to the timeline is shown on
the left of the following figure. The points shown on the timeline represent
major events or important milestones associated with the activity. Solid
lines represent activity durations and dashed lines show interfaces. The
data input and output at these interfaces are shown by circles and described
in the numbered notes.
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PERFORMANCE
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The points on the timeline and the data input and output at the inter-
faces are described in the following table:

Point
number Description

l Receive input from Information Need 1.8.2 on concepts of flow
in partially saturated tuff.

2 Identification of the fastest path of likely radionuclide
travel for use in preliminary calculation of pre-waste-
emplacement ground-water travel time (GWTT). Activity to be
reported in Milestone M181, Information Need 1.6.4.

3 Update of conceptual, mathematical, and numerical models of
flow and transport for calculation of ground-water travel
time from Information Need 1.6.2.

4 Update of identification of fastest path of likely radionuclide
travel for use in the interim calculation of GWTT. Activity
to be reported in Milestone M183, Information Need 1.6.4.

5 Identification of fastest path of likely radionuclide travel
for use in calculation of GWTT for draft environmental impact
statement and license application. Activity to be reported
in Milestone P652, Information Need 1.6.4.
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8.3.5 .12.4 'Information'Need 1.6.4:' Determination of the pre-waste-
emplacement ground-water travel time along the fastest path of
likely radionuclide travel from the disturbed zone to the
accessible environment

Technical basis for addressing the information need

Linkito the technical datatchapters and.applicable support-documents

Chapter 3 provides information on current estimates of ground-water
travel time.

Parameters

This information need is a rollup of the previous information needs
under this issue. Therefore, the output from these information needs will be
used as the basis for determining the pre-waste-emplacement ground-water
travel time.

Logic

The determination of the pre-waste-emplacement ground-water travel time.-
should account for spatial and temporal variabilities-and uncertainties in
the' data and models. The difficulty of quantifying uncertainty in the -
performance-measure for the ground-water travel-time objective is recognized
by the'NRC (Codell, 1986). As yet, the NRC has not indicated the specific
basis under which a ground-water travel-time modeling approach would be
judged adequate in accounting for such uncertainty.

Ground-water travel time is-considered a-random variable because the
hydrologic properties (such as effective porosity and permeability) are
spatially distributed heterogeneous quantities,, and because.uncertainty is
associated with both conceptual models and measurement of properties. The
heterogeneity is characterized by a length.scale that approximately;expresses
the spatial correlation'of hydrologic properties. Uncertainty will. always
exist about the representative values for effective porosities, hydraulic
conductivities, and moisture contents of the various rock units at Yucca
Mountain, particularly in unsampled regions. -Conservative assumptions will
be adopted to compensate for the inherent uncertainty in the data and models.
Spatially dependent means and variances of the-parameter values can be
estimated 'and used with a Monte Carlo approach to account for the uncertainty
caused by heterogeneity. If spatially varying parameters (represented'by a
covariance matrix) can be estimated, then stochastic models or conditional
simulations will be applied. Statistical estimates of parameter values from
results of well-designed drilling, sampling, and testing programs in con-
junction with defensible conceptual models based on appropriate field tests
will provide a quantified ground-water travel-time distribution function that
incorporates most; if not all, sources of uncertainty.. -

Ground-water traveil-time vVIues' are, of course, highly dependent upon
*the conceptual hydrologic nodels '(to be determined within 'Section .8;.3.1.2)
for both the unsaturated and saturated zones. The conceptual hydrologic
models are the bases for the formulation of the mathematical models to be
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used in predicting future hydrologic behavior of the site. In the calcula-
tion of the ground-water travel-time distribution function required for
resolution of this issue1 uncertainties in' the conceptual model will be
addressed. The uncertainties to be addressed include variations in the
possible modes (or paths) of water movement. (i.e. , matrix versus fracture
flow), the hydrologic initial and boundary conditions,' the geometry of the
flow paths .(e.g., the possibility of lateral water movement), the hydrologic
property values and their intercorrelation, and the methods used to calculate
the distribution function itself. These uncertainties will be investigated
within this issue and the geohydrology program (Section 8.3.1.2).

Currently, travel-time distributions have-been estimated only by
simplified one-dimensional modeling (Sinnock et al., 1986). The simplifying
one-dimensional-assumptions will be modified to account for the dependence
between outflow-locations, travel times, and quantities. Such dependence and
interaction are likely to occur in the actual multidimensional flow system.
Therefore, analyses that either directly or indirectly account for two-dimen-
sional or three-dimensional flow are required to incorporate the uncertainty.
Adaptation of one-dimensional equations to account indirectly for multidimen-
sional flow will be attempted, perhaps by applying a 'random walk' or a
related technique... A.probabilistic. analysis of ground-water travel time
accounting for alternative conceptual models, as appropriate, and based on
such modified one-dimensional equations will

1. Calibrate.the flow models by using geostatistical results together
with field-measured heads or saturations in a parameter estimation
technique. -. -.

2; Determine the parameter-estimation errors (e.g., the covariance
matrix) as a part of the model-calibration.

3. Use the parameter estimatiQn errors and the calibrated flow model to
generate a-large number of hydrogeologic parameter values and the
-associated realizations of-jhead or saturation.

4. Calculate.a pore water velocity.field and fluid flow paths with
associated travel times from the-disturbed zone to the accessible
environment for- each realization. .

.5. 'Determine the pre-waste-emplacement ground-water travel time.

In summary,-the technical basis for determining the ground-water travel
time will, be developed further and expanded in considerable detail during

.site characterization.

8.3.5.12.4.1 Activity 1.5.4.1: Calculation of pre-waste-emplacement ground-
water travel time

- The obj ective of this, activity, is to define performance measures and
perform related analyses of- pre-waste-emplacement .ground-water .travel time.
This activity includes two subactivities.
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8.3.5.12.4.1.1 Subactivity 1.6.4.1.1: Performance allocation for Issue 1.6

Objectives

-The objective of'this subactivity is to continually evaluate and, if
necessary, update performance allocation for Issue 1.6.

Description

Analyses will be conducted to calculate quantitative estimates of
ground-water travel time. The predicted values can be compared directly with
the performance goals defined for issue resolution. The strategy for issue
resolution outlined in Section 8.3.5.12 will be updated if necessary.

8.3.5.12.4.1.2 Subactivity 1.6.4.1.2: Sensitivity and uncertainty analyses
of ground-water travel time

Objectives

The objective of this subactivity is to determine the sensitivity and
uncertainty of ground-water travel time.

Description

Sensitivity analyses will be performed to determine how' the ground-water
travel'time changes as: a function of changes in -input parameters and concep-
tual models. Complementary uncertainty analysesvwill be done to determine
how much confidence may be placed in a predicted output parameter based on
uncertainties in input parameters.

8.3.5.12.4.1.3 Subactivity 1.6.4.1.3: Determination of the pre-waste-._
emplacement ground-water travel time

Objectives

-The objective of this subactivity is'to-determine Pre-waste-emplacement
ground-water travel time at the Yucca Mountain site for comparison with the
performance objective in 10 CFR 60.113(a)(2).

Description

- " Pre-waste-emplacement -ground-water'trave- tiae Vill. b calculated along"
the fastest path of likely radionuclide travel. This will be done in
accordance with the description given in the logic section for this
information need.
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8.3.5.12.4.2 Application of results-

The information will be used in determining if the pre-waste-emplacement
ground-water travel time meets the 1,000-yr flow time requirement of 10 CFR
60.113(a)2 in the environmental impact statement and safety analysis report.

8.3.5.12.4.3 Schedule and milestones

This information need contains one ongoing activity: 1.8.4.1, calcula-
tion of pre-waste-emplacement ground-water travel time. In the figure that
follows, the schedule -information for this activity is presented in the form
of a timeline. The timeline extends to the issuance of the final products
associated with the activity. Summary schedule and milestone information for
this information need can be found in Section 8.5.2.2.

The modeling work undertaken in this information need proceeds in par-
allel with work described in Information Needs 1.6.2 and 1.6.3. Data for this
information need is supplied through Information Need 1.8.1 from data gener-
ated through the studies described in Section 8.3.1.2. The activity is not
seriously constrained by other program elements; most of the work described
interacts in an iterative fashion with the studies in Section 8.3.1.2 and with
other activities in Section 8.3.5.12.

The activity number and title corresponding to the timeline is
the left of the following figure. The points shown on the timeline
major events or important milestones associated with the activity.
lines represent activity duration and dashed lines show interfaces.
input and output at the interfaces are shown by circles.
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The points on the timeline and the data input and output at the-inter-
faces are described in the following table:

Point
number Description

1 Receive.input from Information Need 1'.6.2 on concepts of flow
in partially saturated tuff.

2 Receive input from Information need 1.6.3 on locations and
characteristics of fastest flow paths and from-Information
Need 1.6.5 on location of disturbed zone boundary.

.3 Milestone M181.' Report on pre-waste-emplacement ground-water
travel time (GWTT) based on initial site characterization
data.

4 Receive input on concepts of flow and transport in partially
saturated tuff from Information Need 1.6.2.

5 Receive input on locations and characteristics of fastest flow
paths from Information Need 1.6.3.

6 Milestone M183. Issue report on GWTT based on interim site
characterization data.

7 Provide information on GWTT to Information Need 1.6.5 for
definition of disturbed zone boundaries.

8 Receive input on concepts of flow and transport in partially
saturated tuff from-Information Need 1.6.2.

9 Receive input on locations and characteristics of fastest flow
paths from Information Need 1.6.3.

10 Receive input on location of disturbed zone boundary from-
Information Need 1.6.5.

11 ' - Milestone P652. Calculation of pre-waste emplacement ground-
water travel time in support of the draft environmental
impact statement (DEIS). and calculation of post-emplacement
ground-water travel time (1.6.5.1). '

12 Update of GMTT calculations'for final environmental impact
statement (FEIS) and license application.'

8.3.5.12.5 Information Need'1.6.5: Boundary of the'disturbed zone

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents
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Chapters 6 and 7 provide design data for current estimates of the
disturbed zone. Chapters 1, 2, 3, and 4 provide information on site
characteristics that might change after repository development.

Logic

This information need deals with determining the boundary of the dis-
turbed zone. Because the location of the boundary of the disturbed zone
depends on repository-induced changes in physical or chemical properties that
may have a significant effect on the performance of the geologic repository,
it is different from the remainder of the information needs under this issue
which deal only with pre-waste-emplacement conditions.

In 10 CFR Part 60.2, the NRC defines the disturbed zone as 'the portion
of the controlled area the physical or chemical properties of which have
changed as a result of underground facility construction or as a result of
heat generated by the emplaced radioactive wastes such that the resultant
change of properties may have a significant effect on the performance of the
geologic repository.' The definition poses two questions:

1. What physical or chemical changes can have a significant effect on
the repository's performance?

2. What constitutes a significant effect on the repository's
performance?'

The NRC staff addressed these questions in a draft generic technical
position (GTP): 'Interpretation and Identification of the Disturbed Zone in
the High Level Waste Rule; 10 CFR Part 60' (NRC, 1986b). The NRC staff
proposed that the disturbed zone be defined 'by the zone of significant
changes in intrinsic permeability and effective porosity caused by construc-
tion of the facility or by the thermal effects of the emplaced waste.' This
position presumes that permeability and porosity changes are appropriate
surrogates for changes in performance. The NRC staff further considers
'that the pre-waste-emplacement ground-water travel time will still be an
appropriate measure of the overall geologic setting performance for the
purpose of licensing.' In an earlier version of the draft GTP (April 1985,
page 8), the NRC staff explained what constitutes a significant change in
intrinsic permeability and effective porosity; 'the meaning of 'significant'
in this context is considered to be about a factor of two change in effective
porosity, which would generally correspond. to about an order of magnitude
change in intrinsic permeability.' Coupling the NRC definition with the NRC
staff's guidance, the NNWSI Project will determine the size of the disturbed
zone in the following manner:

1. The likely paths of ground-water travel in the pre-waste-emplacement
environment will be identified (Information Need 1.6.3, Section
8.3.5.12.3).

2. Ground-water travel time along these paths will be taken as a
primary indicator of performance, as related to the definition of
the boundary of the disturbed zone. Because of the general
importance of effective porosity and intrinsic permeability in
calculating travel times, changes in these two properties along the
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paths (probably confined to the matrix, not the fractures) will be
taken as measures used to define the boundary of the disturbed zone.

3. Repository-induced changes to effective porosity and intrinsic
permeability will be determined along the identified likely'paths of
ground-water travel. Because the likely paths are presently
expected to be matrix-dominated and vertically downward in the
unsaturated zone, only the matrix properties will be considered at
this time. The disturbed zone is presumed to be contained entirely
within the unsaturated zone. The point(s) along the paths where
effective matrix porosity would decrease more than two times rela-
tive to the pre-waste-emplacement conditions or matrix permeability
would decrease'by a factor of 10 times will mark the outer boundary
of the disturbed zone.

As more information becomes available regarding possibilities of
fracture flow, lateral ground-water flow and paths of likely ground-water
travel (Sections 8.3.1.2.2 and 8.3.1.2.3), the present basis for defining the
boundary of the disturbed zone will be reevaluated. If site information
indicates that the likely path is one of fracture-dominated flow, changes in
intrinsic fracture properties rather than intrinsic matrix hydrologic
properties will be used to determine the boundary of the disturbed zone.

Several of the hydrogeologic units within the unsaturated zone may be
considered in calculations that investigate how the repository changes the
ground-water flow field. Properties and conditions in some of these units,
particularly those more than 50 to 100 m from the waste, will probably be
needed only to provide accurate boundary conditions for analyses. Only the
unsaturated Topopah Spring, the unsaturated Calico Hills vitric, and the
-unsaturated Calico Hills zeolitic units have performance measures and goals
associated with delineation of the disturbed zone boundary. The present
concepts of-ground-water flow and design of the repository suggest that the
boundary of the disturbed zone probably will be contained within the Topopah
Spring welded unit. The unsaturated Calico Hills vitric unit and Calico
Bills zeolitic unit are assigned goals because future design changes could
increase the areal power density of the repository enough to cause
significant property changes in-them, particularly temperature-induced
mineral alterations. In determining an approach to fulfilling this
information need, the following guidance from the most recent NRC draft
technical position paper (June 20, 1986) was considered: .

A disturbed zone of five.diameters for circular openings, 5 opening
heights for noncircular openings, or 50 meters, whichever is largest,
from any underground-opening, excluding-surface shafts and boreholes,
may be the minimum appropriate -distance for use in calculations of
compliance with. the pre-waste-emplacement ground-water travel-time
criterion.

.The reference design for the Yucca Mountain repository calls for
underground openings approximately 25 ft (8 m) wide and 22 ft (7 m) high
(Chapter. 6). Five times the maximum dimension is -40 m and is less than'50 m,
therefore, by the 1lROstaff guidance, the disturbed zone should have a
minimum value.of 50 m.
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Using this guidance and the expectation that significant effects on the
performance of the repository will be caused by changes in the hydrologic
properties within the Topopah Spring welded unit, site specific information
will determine the extent of the disturbed zone. For convenience in deter-
mining what this information'should be, the following discussion uses the
performance allocation terms (performance measures and goals) developed for
the issue resolution strategy (Section 8.2). The performance goals assigned
in this discussion, if met, will ensure that the disturbed zone is less than,
and perhaps much less than, 50 m in extent.

Some differences exist between the NNWSI Project and the NRC draft GTP
in the approach used to define the boundary of the disturbed zone. The GTP
states that the disturbed zone is 'the zone of significant changes in
intrinsic permeability and effective porosity" where 'significant changes'
was suggested to be about a factor of two change in effective porosity or an
order of magnitude'change in permeability. 10 CFR 60.2 states that the
disturbed zone is 'that portion of the controlled area the physical or chemi-
cal properties of which have changed...such that the resultant change of
properties may have a significant effect on the performance of the geologic
repository.I The NNWSI Project believes 10 CFR Part 60 'offers a more con-
crete definition of the disturbed zone. The guidance in the GTP infers that
changes in the intrinsic permeability of the rock mass are appropriate surro-
gates for one quantity, ground-water travel time, which itself is an appro-
priate surrogate for total repository performance. In the unsaturated'zone,
there will probably not be such a direct correspondence between the intrinsic
permeability of the rock mass and ground-water travel time. An order-of-
magnitude change in permeability or a factor-of-two change in porosity of
either the matrix or fractures will probably cause less than an order-of-
magnitude change in the ground-water travel time. The definition for a
significant change in intrinsic hydrologic properties may be different for
the Yucca Mountain site.

The GTP suggests a minimum distance of 50 3 for the disturbed zone
boundary based largely upon considerations of stress redistribution around
openings. The GTP states that the no-stress-change contour (at which
presumably changes in permeability will be eliminated) could be conserva-
tively estimated to be about five times the opening height for noncircular
openings or five times the diameter for circular openings. Using 10 m as the
appropriate length, a value of 50 m was obtained. However, the NNWSI Proj ect
believes that the distance to a contour of minimal changes in permeability is
more likely to be two to three diameters (Rautman et al., 1987). This could
place the boundary of the disturbed zone at much less than 50 a.

Because the NNWSI Project considers the boundary of the disturbed zone
to be at a distance dictated by effects on the performance of the repository,
that boundary may be significantly less than the 50-m boundary suggested by
the NRC GMP. Ground-water travel time is acknowledged by the DOB as strongly
associated with the overall performance of the repository. Effective
porosity and permeability are tentatively accepted as reasonable surrogates
for ground-water travel time. For this reason, all performance measures for
this information need are related to induced changes in matrix permeability
and effective porosity. The changes in matrix properties are of primary
concern because the movement of water is currently thought to be primarily
through the tuff matrix.

8.3.5.12-62



CONSULTATION DRAFT

Table 8.3.5.12-4 lists the processes of concern in defining the boundary
of the disturbed zone; they are processes that could, in principle, change
the intrinsic hydrologic properties of the rock. The processes listed in the
table are based on the NRC draft technical position paper, which suggested
the following processes be considered in determining the boundary of the
disturbed zone: (1) stress redistribution, (2) construction and excavation,
(3) thermomechanical processes, and (4) thermochemical processes. The first
three of these processes could change the permeability of the matrix.
Because ground-water flow is expected to be dominantly through the matrix,
stress redistribution, which primarily affects fracture hydrologic
properties, is not expected to affect the location of the disturbed zone
boundary. 'Fracture activation caused by mining and heating,' is listed in
Table 8.3.5.12-4 to represent the first three processes. The fourth process,
thermochemical processes, is addressed by the remaining four entries in the
table, one for each of the hydrogeological units that are within about 100 m
of the repository horizon.

Matrix porosity and permeability are listed explicitly as performance
measures only for the Topopah Spring welded unit because it is the only unit
along the expected path of ground-water flow from the'repository to the
water table in which it is thought there could be significant changes in
hydrologic properties. Until 'significant change' in matrix porosity and
permeability is defined for the Yucca Mountain site, the disturbed zone will
be approximated by the extent of (1) increases in matrix -permeability of more
than an order of magnitude, and (2) decreases in matrix porosity of more than
a factor of 2.

A temperature limit is used as a performance measure for the remainder
of the units. The associated performance 'goal of 115'C was set to limit
mineral alteration and dehydration. This goal is indirectly related to
changes in intrinsic porosity and permeability. At this -time, this goal is
also expected to limit the changes in intrinsic hydrologic properties to
values no greater than' those used as a performance -goal for the Topopah
Spring welded unit. This assumption will be tested as part of the geochem-
istry program described in Section 8.3.1.3.

Because the definition of the disturbed zone is not governed by any
direct numerical regulatory criteria, and because it is expected that the
ability to show compliance with the'1,000-yr ground-water travel-time per-
formance criterion will not be very sensitive to the quantitative definition
of the disturbed zone boundary (Issue 1.6), the confidence level for each
performance goal in Table 8.3.5.12-4 is set qualitatively as 'medium.'

Parameters'

The information required to address Information Need 1.6.5 is listed in
Table 8.3.5.12-5. These information items are required under the assumption
of matrix-dominated flow. If this assumption is shown to be invalid, the
current strategy will be modified and additional fracture flow character-
istics may 'be required. However, those additional parameters are already
called for by Information Need 1.6.1 (Section 8.3.5.12.1) and it is believed
that no new testing would be required by this information need.
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Table 8.3.5.12-4. Summary of performance allocation for defining the boundary of the disturbed zone

Needed
Hydrologic unit Process concern Performance measure Performance goal confidencea Approach

Topopab Spring Thermomechanical proces- Boundary of reposi- Less than a factor of 2 Medium Studies are not pre-
welded unit ses: fracture activa- tory'induced increase in fracture sently planned bectause

tion caused by mining changes in aperture along flow flow is expected to be
and heating effective fracture path 50'. from the predominately in the

porosity underground facilities matrix
boundary if predooi-
nately fracture flow

Thermochemical processes: Boundary of reposi- Less than a factor of<2 Medium Studies will be coo-
alteration within the tory induced decrease in effective pleted to determine
portion of the Topopah changes in porosity or less than if mineral alteration
Spring that is con- effective matrix an order of magnitude can cause factor of 2
sidered to be the porosity and increase in permeabil- decreases in effective
repository horicon matrix permea- ity along the flow porosity or order of

bility , path to the accessible magnitudes increases
environment ' in permeability

Calico Hills Zeolite alteration below Temperature < 1165C Medium' At the temperatures
nonwelded soo- the repository horizon listed as goals, win-
litic unit imal property changes

as a result of mineral
Calico hills Class alteration below. Temperature < 115*C M Yedium alteration are expec-

nounwelded the repository horizon ted. Studies will be
vitric unit completed at these

temperatures to test
Altered vitro- Clay alteration below the Temperature < llf5C Medium -the position that

phyre below the repository horizon there will be minimal
Topopah Spring changes in rock prop-
welded unit erties'

00

a'edium equals a value corresponding to one standard deviation
function of the performance measure.

on the most deleterious side of a probability distribution

( ( C
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Table 8.3.5.12-5. Parameter needs'for defining the disturbed zone
(Page 1 of 2)

Item
number Information it~em description

1 Location of the likely ground-water flow path and mode of flow
from the repository to the water table

2 Predicted average travel time and bounds on the travel time
along the fastest unperturbed path from the repository
location to the accessible environment

3 Reference underground facility designs (including borehole
-spacing and spacing waste canisters within the emplacement
holes)

4 Thermal decay characteristics of the waste package

5 In situ temperature conditions

6 Bulk density

7 -Altitude of the hydrogeologic unit. contacts '

8 Location and displacements of faults within approximately
0.5 km of'the outer repository boundary

-9 ' Altitude'of the water'table

10 Location of any perched-water zones'

11 - -' .iThermal properties of the rock as a function of saturation
(including thermal conductivity and heat capacity) thermal
expansion

12 Saturation (and moisture content) values as a function of depth
and lateral spatial location

13 - Pressure head 'alues as a function of depth'and lateral spatial
location

14 Thermohydrologic response wf test under nonisothermal test
conditions

15 Fracture and matrix saturated permeability

16 Relative permeability for the fracture network 'and matrix as a
function of temperature
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Table 8.3.5.12-5. Parameter needs for defining the disturbed zone.
(Page 2 of 2) K>2

Item
number Information item description

17 Gas relative conductivity for the fracture network and matrix
as a function of temperature

18 Moisture retention curves for wetting and draining

19 Effective porosity and porosity. of the fracture network, fault
zones, rock mass, and matrix

20 Changes in porosity and permeability of matrix due to
construction and heat from waste emplacement

21 Ground-water percolation flux at the top of TSw2 (portion of
Topopah Spring welded unit proposed for repository unit)

The following steps will be used to define and provide supporting
evidence for the boundary of the disturbed zone:

Step 1. Obtain information on the likely ground-water flow path and
mode of travel from the repository to the water table
environment before waste emplacement. Determine the values
of intrinsic matrix permeability and effective matrix
porosity along this path. If continuous fracture flow
becomes the likely ground-water flow path, reevaluate the
present strategy used to determine the boundary of the
disturbed zone. The-locations of the likely ground-water
flow paths and modes of flow from the repository to the water
table are needed to make this decision.

Step 2. Obtain predictions of matrix hydrologic-porosity changes
(porosity and permeability) under expected repository
conditions. Matrix porosity and permeability changes as a
result of geochemical alteration are needed to complete this
step.

Step 3. Evaluate the extent and duration of repository-induced
changes along the flow path of interest by performing
thermohydrologic analyses using data that bound the expected
site characteristics (i.e., include the repository-induced
changes in site characteristics).
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Step 4. Determine quantitatively what would be considered a'significant
change in the intrinsic hydrologic properties by considering
how the ground-water travel time before repository construc-
tion and waste emplacement compares with what could be
expected after repository construction and waste emplacement
in the portion of the rock that has been changed. The
original range and mean of the matrix hydrologic properties
will also be considered in determining a quantitative value
for a significant change in hydrologic properties. The
results of step 3 will be needed to complete this step.

Step 5. Review the repository-induced changes in ground-water flow to
determine whether there are other repository-induced changes
identified in step 3 that could significantly change the
ground-water travel time from the repository to the access-
ible environment. Evaluate whether a new strategy for
determining the boundary of the disturbed zone should be
initiated.

Step 6. If necessary, revise the preliminary estimate of the boundary
of the disturbed zone using the new predictions of matrix
hydrologic property changes and the quantitative definition
of significant property changes determined in Step 4.

8.3.5.12.5.1 Activity 1.6.5.1: Ground-water travel time after repository
construction and waste emplacement

Objectives

The objective of this activity is to predict the ground-water travel
time to the water table using the hydrologic properties changed as a result
of repository construction and waste emplacement for comparing pre- and
postemplacement travel times to establish the extent of the disturbed zone..

Description

Using a combination of (1) a two-phase, nonisothermal flow code with the
region of significant temperature changes, and (2) an unsaturated isothermal
code outside that region with boundary conditions determined from a thermal-
conduction calculation, the movement of gas and liquid along with the -
temperature distribution in the near-field region as a function of time will
be predicted. The following information will be used to help determine the
geometry and boundary conditions for the problem: (1) reference underground
facility designs, (2) distribution of-rock properties, (3) temperature at the
water'table and the surface, (4) geothermal gradient, (5) location of the
water table, and (6) initial pressure head and saturation conditions. The
following information will be used as input for the calculations: (1)
initial pressure head and saturation conditions, (2) hydrologic properties of
the rock units before and after repository construction and waste emplacement
(items 16 through 21 from the parameter list), (3) thermal properties of the
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rock units (the Topopah Spring as well as surrounding rock units), (4) bulk
density, (5) hydrologic and thermomechanical unit contacts, and (8) location
of perched-water zones.

8.3.5.12.5.2 Activity 1.8.5.2: Definition of the disturbed zone

Objectives

The objective of the activity is to reevaluate the definition of the
disturbed zone.

Description

This.activity will reevaluate and, if necessary, refine the boundary of
the disturbed zone using the following information:' (1)'preliminary defini-
tion of the boundary of the disturbed zone, (2) the NRC guidance, (3) the
average and fastest likely path of a nonsorbing radionuclide, (4) predicted
bounds on the travel' time along the average and fastest unperturbed path from
the repository location to the' accessible environment, and (5) changes in
hydrologic, rock characteristics that are significant. Although this activity
is identified only once, it may be a recurring one. The possibility of
recurrence depends on changes in NRC guidance and the understanding of the
changes in properties caused by the repository.

8.3.5.12.5.3 Application of results

The resolution of Issue 1.6 will use the boundary of the disturbed zone.

8.3.5.12.5.4 Schedule and milestones

This information need contains two ongoing activities: 1.8.5.1 (ground-
water travel time after repository construction and waste emplacement) and
1.8.5.2 (definition of the disturbed zone). In the figure that follows, the
schedule information for these 'activities is presented in the form of time-
lines. The timelines extend to the issuance of the final products associated
with the activities. Summary schedule and-milestone information for this
information need can be found in Section 8.5.2.2.

Work described under this information need is not seriously constrained
by other program elements; some iterative interaction will occur with Infor-
mation Needs 1.6.2 (which supplies information to 1.6.5) and 1.8.4 (which is
the recipient of the results of 1.6.5).

The activity numbers and titles corresponding to the timelines are shown
in the following figure. The points shown on the timelines represent major
events or important milestones associated with the activities. Solid lines
represent activity durations and dashed lines show interfaces. The data input
and output at the interfaces are shown by circles.
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PERFORMANCE
ASSESSMENT
ACTIVITY I

1
V

2
V

1.6.5.1
Post-em-
placement
GWIT

1.6.5.2
Definition
of dis-
turbed
zone

I

I
Ii

3
V

6
V

I 1 1

6
.I I I

TIME 6351254-VB

The points on the timeline and the data input
faces are described in the following table:

and output at the inter-

Point
number

1

2

3

4

Description

Milestone M111. Issue preliminary report on the effect of heat
and excavation on water flow in the vicinity of the waste
package.

Milestone M188. Issue report on the detailed analysis of the
effect of heat and excavation on water flow in the vicinity
of the waste package.

Milestone M107. Issue report on the preliminary definition of
the disturbed zone.

Output information to Information Need 1.6.4 on the preliminary
location of the disturbed zone boundary.

Receive information from Information Need 1.6.4, Milestone M183
on pre-waste emplacement ground-water travel time from the
repository to the water table.

Milestone Z090. Issue report on the definition of the
disturbed zone.

Information on the location of the disturbed zone boundary
supplied to Information Need 1.6.4.

5

6

7
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8.3.5.13 Issue resolution strategy for Issue 1.1: Will the mined geologic
disposal system meet the system performance objective for limiting
radionuclide releases to the accessible environment as required by
10 CFR 60.112 and 40 CFt 191.13?

Regulatory basis for the issue

The regulation that governs this issue is given in Section 60.112 of
10 CFR Part 60. The proposed conforming amendment to 10 CFR Part 60 gives
this requirement as:'

The geologic setting shall be selected, and the engineered barrier
system and the shafts, boreholes and their seals shall be designed:

(a) So that, for 10,000 years following permanent closure, cumulative
releases of radionuclides to the accessible environment from all
significant processes and events that may affect the geologic
repository shall:

(1) 'Have a likelihood of less than one chance in 10 of exceeding
the quantities calculated in accordance with 10 CFR 60.115.

(2) have a likelihood of less than one chance in 1,OOO of
exceeding ten times the quantities calculated in accordance
with 10 CFR 60.115.-

The proposed 10 CFR 60.115 gives, in table form, the radionuclide
release limits that shall be used to make the calculations referred to in
paragraph (a) of 10 CFR 60.112. These limits, expressed as curies (Ci) per
1,000 MTBM, are the maximum allowable cumulative releases to the accessible
environment for 10,000 years after disposal, and are as follows:

Americium-241 or 243 100
Carbon-14 100
Cesium-135 or 137 1,000
Iodine-129 100
Neptunium-237 100
Plutonium-238, 23g, 240 or 242 100
Radium-226 100
Strontium-9O 1 000
Technetium-99' '10,000
Thorium-230 or 232 10
Tin-126 1,000
Uranium-233, 234, 235, 236 or 238 100
Any other alpha-emitting radionuclide

with a half-life greater than 20 years 100
Any other radionuclide with a half-life

greater-than 20 years that does not -
emit alpha particles 1,000

These limits are identical to those'in Table 1 in Appendix A of 40 CFR Part
191; the notes guiding its use in proposed amendments of 10 CFPR Part 60 are
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essentially identical with the notes for guiding applications of Table 1 in
Appendix A of 40 CFR Part 191.

The DOE understands the term 'accessible environment" to mean (1) the
atmosphere, (2) land surfaces, (3) surface waters, (4) oceans, and (5) all
the lithosphere that is beyond the controlled area. Likewise, the DOE
understands the term "controlled area" to mean (1) a surface location, to be
identified by passive institutional controls, that encompasses no more thar
100 km and extends horizontally no more than 5 Km in any direction from the
outer boundary of the underground facility, and (2) the subsurface underlying
such a surface location.

The phrase 'significant processes and events that may affect the
geologic repository" is interpreted as meaning likely natural events and such
other processes and events that could affect a geologic repository and are
sufficiently credible to warrant consideration. Significant processes and
events that may affect a geologic repository may either be natural processes
and events or processes and events initiated by human activities other than
those licensed under 10 CFR Part 60. Processes and events initiated by human
activities may only be found to be sufficiently credible to warrant consider-
ation if it is assumed that: (1) the monuments provided for by this part are
sufficiently permanent to serve their intended purpose; (2) the value to
future generations of potential resources within the site can be assessed
adequately under the applicable provisions of this part; (3) an understanding
of the nature of radioactivity, and an appreciation of its hazards, has been
retained in some functioning institutions; (4) institutions are able to
assess risk and to take remedial action sufficient to prevent persistent or
systematic releases resulting from human-induced disruptions of a repository;
and (5) relevant records are preserved, and remain accessible, for several
hundred years after permanent closure.

Overview of the performance assessments for this issue

The DOE plans to demonstrate compliance with the total system perform-
ance objective by conducting performance assessments. Consistent with the
requirements of 10 CFR 60.21(c)(1)(ii)(C), these performance assessments will
(1) identify all significant processes and events that may affect the geo-
logic repository, (2) evaluate the effects of these processes and events on
the release of radionuclides to the accessible environment, (3) combine esti-
mates of these effects to the extent practicable into an overall probability
distribution displaying the likelihood that the amount of radioactive mater-
ial released to the accessible environment will not exceed the specified
values, and (4) compare the numerical predictions with the performance objec-
tive, evaluating the importance of any uncertainties on conclusions from this
comparison.

The significant processes and events to be taken into account in these
performance assessments will be identified by developing scenarios that
specify a sequence of processes and events potentially resulting in signifi-
cant impacts on the variables of the systems important to waste isolation.
Scenarios will be developed for undisturbed conditions (those conditions
caused by likely natural events) and for disturbed conditions that are suffi-
ciently credible to warrant consideration. In addition to providing an
approach to organizing the information regarding significant processes and
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events for this issue, these scenarios provide a vehicle for the evaluation
of the favorable and potentially adverse conditions of 10 CFR 60.122 for-the
resolution of Issue 1.8 (Section 8.3.5.17).

The proposed section 60.115 of 10 CFR Part 60, when taken together with
Note 6 guiding the application of Table I in Appendix A of 40 CFR 191
referenced by that section, is sufficient to establish a performance measure
kM for the total disposal system.

.. Of = E Qli (8.3.5.13-1)

where

M = normalized release from the total system

A = cumulative radioactivity of the ith radionuclide released to the
-accessible environment in.the 10,000 yr period following permanent
closure (Ci)

Li= release limit-for the it 'radionuclide as specified in the
regulations (Ci/MTEM) (see proposed 10 CFR 60.115 or 40 CFR
Part 191, Appendix A).-.

The EPA containment standard, 40 CFR 191.13(a), on which proposed 10 CFR
60.112 and 60.115 are based, explicitly recognizes that estimates of the
normalized release (M) will have considerable associated uncertainty, and
consequently M must be treated as a distributed, quantity (i.e., a quantity'to
which a cumulative distribution function (CDF) must be attached). However,
the containment standard advocates demonstrating compliance in terms of the
complementary cumulative distribution function (CCDF), which is one minus the
CDF. In terms of the CCDF, the containment standard reads

Pim >1.d}< 0.1

Pr{Af > 10.0) < 0.001

where Pr{e} stands for the probability that the statement 'el is true. Note
that the term "containment,' as applied in the EPA standard, is the same as
the term 'isolation,' as applied by the NRC and in this document.

The remainder of this section discusses a methodology for the develop-
ment of the CCDF suitable to define the information needs for the resolution
of this issue. These information needs are defined in terms of the particu--.
lar methodology, outlined in the discussion. The-methodology that will
actually be-used.in preparing the license application may differ from the
methodology proposed here. For example, information developed during the
site characterization may suggest a different approach that may be more effi-
cient in conveying the assessment of the repository. However, it is the
judgment of the DOE, based upon the.available information, that the proposed
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approach will lead to the information needed for the DOE to present its case
for the Yucca Mountain site, whichever methodology is chosen.

The following discussion addresses five topics:

1. Discussion of CCDFs and significant processes and events.

2. A preliminary selection of release-scenario classes for the Yucca
Mountain repository site.

3. Technical discussion of the release-scenario classes.

4. A preliminary performance allocation for Issue 1.1.

5. Summary of licensing and issue resolution strategy for Issue 1.1.

To enable the reader to understand the strategy for resolving this
issue, the following discussion presents an interpretation of 'all signifi-
cant processes and events that may affect the geologic repository' mentioned
in the proposed 10 CFR 60.112 and an outline of a method for making practical
calculations of the CCDF. Definitions are presented first, then the CCDF is
discussed, and finally the treatment of significant processes and events to
be incorporated in the CCDF is discussed.

1. Discussion of CCDFs and significant processes and events

Definitions

A waste disposal system, like any complex system that evolves in time,
can be described by a finite number of dependent variables (here called
performance measures) that, in turn, are functionally dependent upon a finite
number of independent variables (here called state variables or determining
variables). These state variables may be prescribed functions of time; and
it is helpful to imagine all state variables being collected into a vector in
N-dimensional space (where N is the number of state variables required to
determine the system), the 'tip" of which traces out a trajectory in that
space with the passage of time. For the system being considered in this
report, examples of state variables would be the spatially averaged percola-
tion flux at a given depth in the Topopah Spring welded unit and the radio-
nuclide inventories at the time of closure; many other examples of state var-y-
iables are given in the section entitled Na systems-level model for release
along water pathways."

With noted exceptions, the following definitions of terms will be used
throughout the remainder of this section: A scenario will mean a sequence of
definite types of processes and events that occur with prescribed intensi-
ties, for prescribed durations, or at prescribed epochs, in a prescribed
order. In other words, a scenario can be represented by a single trajectory
traced out by the state-variable vector of the system during a prescribed
interval of time. A scenario class (or class of scenarios) will mean the set
of all scenarios that involve the same types of processes and events acting
in a definite time interval. In other words, a scenario class can be repre-
sented by a bundle of trajectories in the state-variable space. In this
section, the consequences of a scenario will always mean the contribution
that the scenario would make to the performance measure defined by Equation
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8.3.5.13-1, if the scenario were realized. Thus, consequences of a scenario
may be viewed, in mathematical language, as mappings from the function space
of the state variables to subsets of the real number line.

Construction of a complementary cumulative distribution function

In a draft position paper on licensing assessment methodology (NRC,
1984b), the NRC staff suggested that the CDF could be calculated using the
following expression:

Pr{Al < m} = EPr{M < mlSiSPr{Sj} (8.3.5.13-2)

where

Af = normalized release from the total system (Eq. 8.3.5.13-1)

n = independent variable measuring normalized releases (m is always
greater than zero; critical values are m = 1 and m = 10, according
to proposed 10 CFR 60.112)

Sj = designator for the Jth scenario

Pr{S,} = probability that Sj is realized -

Pr{AIBI = probability that. statement A is true, given-that statement B is
true.

A scenario is defined in the appendix of the position paper as Ban
account or sequence of a projected course of action or events.' However, the
DOE understands the term scenario in this position paper to mean scenario
class in the sense defined earlier and Equation 8.3.5.13-2 to be a symbolic
expression of the way a CDF could be calculated. The validity of Equation
8.3.5.13-2 depends on the Sjs being exhaustive and mutually exclusive.

The DOE proposes to calculate a CDF by numerical simulation of the per-
formance measure of the total system as a function of system response to
randomly occurring significant events and processes, using simplified (but
ultimately validated) mathematical models of system response. The following
formalism is-compatible with numerical simulation and is equivalent to Equa-
tion 8.3.5.13-2 as long as the state variables over which the expectation (to
be defined) is taken are exhaustive and mutually exclusive:

Pr{M < m}= E[(m - M) (8.3.5.13-3)

where

M = normalized release from the total system. (Eq. 8.3.5.13-1)

u(z) = unit step function ( u(z) = 0 if x<O and s(t) = i if x 20)

Eli = mathematical expectation of the quantity in square brackets.
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If the vector of all state variables sufficient to describe the occur-
rence and intensity of all significant processes and events is denoted by

(VI = (V2 i'V3 .. iVN)

then the mathematical expectation operation is explicitly

E[l] 3- ||]f(iN )dvd ... dVN (8.3.5.13-4)
_ ~~~~~3 * ON

where

A(V) = the joint probability distribution of the components of v.

Each integration is taken over the entire range of its indicated variable vN*
Two points need to be made concerning this formalism.

The first point is that the formalism requires numerical simulation.
Even with a modest number of state variables and relatively simple mathema-
tical models of system response to event-s or processes, the CDF in Equations
8.3.5.13-3 and 8.3.5.13-4 would not be efficiently calculated by numerical
integration; a more efficient method would be performing the calculation
using the Monte Carlo technique combined with some efficient sampling tech-
nique such as Latin- Hypercube Sampling (Iman and Conover, 1982). In fact, a
major incentive for the development of Monte Carlo methods was the problem of
making numerical estimates of the value of multiple integrals of large dimen-
sion (Hammersley and Handscomb, 1964) such as the expression in Equation
8.3.5.13-4.

There are practical limitations to the Monte Carlo technique, however,
and these limitations can be overcome only if efforts are made to limit the
dimensions of the total-system's state-variable space, to screen scenario
classes so as to limit the number of distinct models of system response, to
consider simplified approaches to constructing the models of system response,
and to construct efficient computer codes implementing those models so as to
limit computation time. Time-dependent and spatially-dependent state vari-
ables are particularly troublesome with regard to minimizing state-variable-
space dimension and model simplicity. For example, a time-dependent state
variable can always be approximated by a piecewise-linear function, as shown
in Figure 8.3.5.13-1, or a piecewise-constant function; however this turns
one component of the state-variable vector into at least C > 1 components,
where C is the number of intervals into which the 10,000-year performance
period is partitioned. The possibility of making realistic but simplified
models of system response, of course, depends upon the analyst's skill and
the resources available for validating and verifying the simple models
against predictions made with more complex computational models of system
response.

Secondly, the formalism can be applied to a decomposition into classes
of scenarios. This application will prove useful later when measures must be
devised with which to compare the relative importance of events and processes
that could cause potentially adverse changes in system performance. That is,
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TIME AFTER CLOSURE (IN 100-YR UNITS)

Figure 8.3.6.13-1. Representation of a time-dependent state variable. The hypothetical case shown is of
percolation flux in the Topopah Spring welded unit as a function of time. The solid curve is the predicted flux
history: the dotted curve is a discrete approximation to solid curve. Subdivisions of the ordinate show possible
exceedance intervals for the percolation flux. The cells defined by the subdivisions of the ordinate and abcissa form
an M by N matrix for the definition of exceedance probabilities; the notation P(m,n) stands for the probability
that percolation flux in the m'h interval is exceeded in the nth time interval.
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the future performance of the repository system can be conceptually decom-
posed into an exhaustive set of mutually exclusive scenario classes, if then
the total performance measure, M, can be expressed in the following manner:

M Mj (8.3.5.13-5)
a

where

index of the subset of scenario classes being considered (the
context of the discussion will be relied on to make the specific
meaning of this index clear)

th.M, = partial performance measure for the j scenario class.

Mj is defined mathe~matically by

Mj = E QL j (8.3.5.13-6)

where

Qij = the cumulative release of radioactivity (per 1000 MTMI) released
to the accessible environment d the 10,000-yr period following
disposal, in the form of the i radionuclide species,tkhrough the
realization of one or more scenarios included in the , scenario
class (Ci)

.thi= release limit (per 1000 MTHM) for the i radionuclide as speci-
fied in the regulations (Ci) (see proposed 10 CFR 60.115 or 40 CFR
Part 191, Appendix A).

Qij, though uncertain, is commonly predicted by deterministic mathemati-
cal models to make point estimates of Mi3. Such estimates may be regarded as
estimates of the expected partial performance measure (EPPM) for the scenario
class. under consideration (i.e., estimates of E[M,] where E[.] is defined by
Equation 8.3.5.13-4). The EPPMs do not account for uncertainties in the con-
sequences of a given scenario class and, therefore, are not sufficient to
establish the overall probability distribution in themselves. Nevertheless,
they provide useful measures to focus the testing during site characteriza-
tion on the information needed for this overall probability distribution and
are therefore used here as simple surrogates for the full CDFs associated
with the scenario classes.

A treatment of significant processes and events

Significant processes and events include both natural processes and
events and those initiated by human activities. The DOE intends to take into
account all those natural processes and events that are sufficiently credible
to warrant consideration in the calculation of the CCDF for the normalized
release of radiation. Generally, categories of natural processes and events
that can be shown'to have a likelihood of less than one chance in 10,000 of
occurring in the first 10,000 yr after permanent closure would not be taken
into account in CCDF. Furthermore, categories of natural processes and

8.3.5.13-8
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events whose contribution to the overall probability distribution can other-
wise be shown to be insignificant would not be included in the detailed
assessments. Likewise, any particular combinations of categories of natural
processes and events that meet either of these two criteria would not be
incorporated into the CCDF. That is, particular scenario classes involving a
sequence-of categories of events or processes which,'in combination, can be
shown to have a probability of occurrence in the 10,000-yr period following
permanent closure of less than one chance in 10,000 or which otherwise can be
shown to make a negligible contribution to the overall probability
distribution would not be evaluated in detail.

Impacts of processes and events initiated bv human activities will also
be considered in the system performance assessments with regard to this
issue. Repository construction and waste emplacement, as they affect the
conditions in'the geologic repository, will be taken into account in the
evaluating of the CCDF for normalized releases'. However, it may not be
practical to treat the effects of human activities not'related to repository
construction or waste emplacement (such as direct human intrusion into the
repository) in the same way. That is, because quantitative-estimates of the
absolute probability of'human activities such as resource exploration and
development in the distant future may not be feasible, it may not be possible
to incorporate the impacts of such activities into the overall probability
distribution. In these instances, it will be necessary to consider such
effects in separate evaluations, However, even in such instances, the treat-
ment of such events and processes will follow an approach similar to that
used for the natural processes and events. The approach that will be used by
the DOE in this case will be to (1) evaluate the effects of potentially
adverse human activities such as those identified in the examination of the
potentially adverse conditions of 10 CFR 60.122, (2) develop scenario classes
of categories of processes and events that are initiated by human activities
and that result in potentially significant impacts on normalized releases,
and (3) estimate relative'probabilities and consequences for these scenarios
taking into account the factors and the assumptions given previously in the
regulatory basis for'this issue. The scenarios and scenario classes associ-
ated with human activities are often highly speculative and often do not
involve significant impacts on the variables important to waste isolation.
Therefore, the specification of highly speculative, low impact human
activity-related scenarios and scenario classes, the development of the
methods to analyze these classes, and the' identification of data to support
these analyses will not be allowed to dominate the testing program.

One or more scenario classes may be developed for undisturbed perform-
ance of the geologic repository, depending on the number of legitimate,
distinguishable alternate conceptual models that are supported by the avail-
able information. By undisturbed performance, the DOE means the predicted
behavior of a geologic repository, taking into account the uncertainties in
predicted behavior, and considering only likely natural events. In this
instance, natural events refers to those natural processes and events that
are reasonably likely to occur in the 10,000-yr period following permanent
closure. The judgments of which natural processes and events are likely to
occur during this period will be based on the assumption that those processes
operating in the geologic setting during the Quaternary will continue to
operate, but with construction of the repository or the presence of emplaced
radioactive waste some perturbation will occur.
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Scenario classes will also be developed for sequences of categories of
events and processes initiated- by human intrusion and the occurrence of
unlikely natural events. Only those human activities and unlikely natural
events that are sufficiently credible and could lead to potentially signifi-
cant impacts will be considered. Impacts will be evaluated in terms of
effects on the variables needed to calculate the normalized releases for a
specified scenario class.

To describe the system ideally, the set of scenario classes should be
exhaustive and the classes should be mutually exclusive. That is, the set of
scenario classes should provide a partitioning of all the physically realiz-
able futures for the repository system and the set should be constructed so
that the consequences of some effect are not counted more than once. In
practice it will be difficult to provide such an ideal representation of the
significant processes and events. For example, it will be difficult to
distinguish between the low probability, extreme site characteristics taken
into account in the undisturbed performance scenario classes and the site
characteristics resulting-from unlikely processes and events that are taken
into account in the disturbed performance scenario classes. Care will be
necessary to ensure that the respective representations are as realistic as
possible. Nevertheless, it is recognized that the ability to rigorously
identify a completely unambiguous set of scenarios may not be practicable.

It will also be difficult to ensure that every physically realizable
future is represented in the set of scenario classes, particularly those that
may be associated with unlikely processes and events. One of the undisturbed
scenario classes is- assumed to account not only for the likely processes and
events explicitly specified in the description of the scenarios, but also for
all unlikely processes and events that have no impact on repository
performance. This scenario class is termed the "nominal" performance
scenario class. Again, effort is needed to ensure that the nominal case
scenario class provides a reasonable representation for these conditions.

Within each scenario class it will be possible to specify one or more
release modes. For example, release of radionuclides may occur by way of
water pathways (wp)- in which dissolved radionuclides are transported by
water, by way of gas pathways (gp) in which the radionuclides are transported
in gaseous form and not with the moving water, and by direct pathways (tp) in
which the radionuclides are transported directly to the accessible environ-
ment by mechanical means such as by magmatic extrusion or human recovery.
Provided that the interactions among these modes can be conservatively
neglected (for example, the depletion of radionuclide inventory by one path-
way being neglected in the evaluation of another), the partial performance
measure (Mj) can be decomposed in to measures for each mode:

Mj = Mpj + M,,,j + Mdpj (8.3.5.13-7)

In some instances, the scenario class will be defined with a particular
release mode in mind; for example, for some scenario classes such as drilling
scenarios, the dp mode may be considered to dominate.

684AN3-M6l
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2. A preliminary selection of release-scenario classes for the Yucca
Mountain repository site

The identification of potentially disruptive scenarios for any system in
which failure modes are possible is ultimately a matter of professional
judgment. Methods that have been used to identify scenarios were recently
reviewed with the following conclusion: 'Three different approaches have
been proposed to identify scenarios for performance assessments of high-level
waste repositories: simulation, event trees, and judgment. Simulation models
require large amounts of hard-to-obtain input data. Event trees tend to
produce extremely large numbers of scenarios. Most published performance
assessments rely on judgmental methods" (Ross, 1986b). To this fair
appraisal might be added the observation that construction of meaningful
simulation models or event trees also requires judgment. Observational and
experimental evidence should be used to screen out insignificant effects
before attempting to construct simulation models; similarly, efficient con-
struction of event trees can proceed only after there has been a thorough
examination and interpretation of the evidence concerning phenomena that
might affect the system. The DOE will use professional judgment to guide the
program for identifying scenario classes that have significance. At this
point, it is appropriate to summarize specific efforts to identify release
scenarios for a waste disposal system at the Yucca Mountain site.

The decision aiding methodology study

A panel of experts assembled by the DOE (1986g) proposed 15 generic,
potentially significant scenarios (Table 8.3.5.13-1) and assessed the
significance of these generic scenarios for a repository at Yucca Mountain,
Nevada, using professional judgment and information from the Yucca Mountain
site environmental assessment (DOE, 1986b). The panel judged that scenarios
3, 4, and 12 of Table 8.3.5.13-1 are not sufficiently credible to warrant
consideration and that realization of scenarios 5 through 9, 13, and 14 would
not entail consequences more severe than the nominal case (scenario 1).
Scenario 1 (the nominal case), scenario 2 (unexpected features), and
scenarios lOa through 11 were regarded by the panel as being potentially
significant at Yucca Mountain.

The unexpected-features scenario (scenario 2) was actually broken down
into six categories of features: (1) repository-induced subsidence or uplift,
(2) undetected fault zones, (3) undetected significant lateral variations,
(4) undetected dikes or sills, (5) undetected vertical heterogeneity
(perching of water), and (6) 'other'--a category of unspecified features.
The panel stated that 'The impacts of extreme conditions that result from
unexpected features could lead to releases that could be as much as 10 times
greater than those for the nominal case' (DOE, 1986a). After making evalua-
tions the panel concluded that the most important releases would be by ground
water; consequently no scenarios were developed for gas-phase releases (i.e.,
carbon-14 as carbon dioxide).

Survey of disruptive scenarios for Yucca Mountain

Ross (1986a) has made a survey of potentially disruptive scenarios for
the Yucca Mountain repository site, and has identified 84 different sequences
of processes and events that could influence the performance of one or more

8.3.5.13-11
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Table 8.3.5.13-1. Potentially significant scenariosa

Scenario Description

1 . Nominal case (expected conditions)

2 . Unexpected features

3 Repository induced dissolution of the host
rock.

4 Advance of a dissolution front,

5 Movement on a large fault inside the con-
trolled area but outside the repository

6 Movement on a large fault within the
repository

7 Movement on a small fault inside the
controlled area but outside the.
repository

8 Movement on a small fault within the
repository

§ Movement on a large fault outside the
controlled area

lOa Extrusive magmatic event that occurs during
the first 500 yr after closure

lob -Extrusive magmatic event that occurs 500
to 10,000 yr after closure

11 Intrusive magmatic event

12 Large-scale exploratory drilling

13 Small-scale exploratory drilling

14 Incomplete sealing of the shafts and the
repository

aSource: Table 3.2 in DOE (1986a).

:, ~ ~ ~ ~ ~ ~ K
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Table 8.3.5.13-2. Categories of sequences affecting barrier performancea

Category number Description or end result Barriers affected

1

2

3

4

S

6

7

8

9

-Direct releases

Repository flooding

Colloids

Widespread increase in
percolation

Localized increase in
percolation

Wetting of waste,
form

Accelerated waste
dissolution

:Accelerated cladding
corrosion

Accelerated canister
corrosion

Canister breakage

Fracture flow without
increased flux

Reduced sorption in the
Topopah Spring unit

Water-table rise

Fracture flow in the
Calico Hills unit

New discharge points

Faster saturated flow

All

Unsaturated zone,
canisters, fuel
cladding

Geochemical
retardation

Unsaturated zone,
waste form

Unsaturated zone,
canisters,
waste form.

Canisters,
fuel cladding,
waste form

Waste form

-Cladding

Canister

Canister

Unsaturated zone

-Topopah Spring
welded unit

Unsaturated and
saturated zones

Calico Hills
nonwelded unit

Saturated zone

Saturated zone

10

11

12

13

14

15

16

8.3.5.13-13
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aTable 8.3.5.13-2. Categories of sequences affecting barrier performance
(continued)

Category number Description or end result Barriers Effected

17 Acceleration of pre- Topopah Spring
existing fracture welded unit
flow

aSource: Ross (1986a).

of the engineered or natural barriers. Ross chose to group the 84 sequences
in 17 categories on the basis of similar end results (Table 8.3.5.13-2).
Ross (1986a) did not explicitly consider disruptive sequences that involve
release and transport of gas-phase carbon-14.

The categories described by Ross (1986a) (Table 8.3.5.13-2) can be
aggregated in four supercategories according to potential impacts on barriers
of the geologic repository: A, direct releases (number 1 of Table
8.3.5.13-2); B, categories in which only engineered barrier system (EBS)
components are affected (numbers 6 to 10); C, categories in which only the
unsaturated zone barriers are affected (numbers 2 to 5, 11 to 14, and 17);
and D, categories in which the saturated zone barrier is affected (numbers 3,
15, and 16). A fifth supercategory, E, undisturbed or nominal performance of
all barriers, is implicit in the aggregation, and can be treated as a single
scenario class; the models associated with this class and the parameter
values specifying anticipated conditions are described later in this section,
in Section 6.4.2 of the Yucca Mountain environmental assessment (DOE, 1986b),
and by Sinnock et al. (1986). The present description of this nominal
scenario class is broad enough to encompass all the undisturbed performance
conceptual model alternatives considered-in Chapter 3; therefore, the terms
'nominal case' and 'undisturbed case' can be used interchangeably for this
categorization of scenarios.

The supercategories can each be delineated in terms of particular kinds
of impacts on the respective barriers. These groupings of the scenarios are
listed in Table 8.3.5.13-3. An examination of the scenarios in supercategory
A discloses two types of disturbed scenario classes: A-1, direct releases in
an extrusive magmatic event and A-2, direct releases associated with inadver-
tent human activities. Class A-1 may be significant because an upper bound
on estimates of the probability of volcanism on the Yucca Mountain site
(Crowe et al., 1982) in 10,000 yr appears to exceed the 0.0001 probability
cutoff and the consequences of realized, onsite volcanism could be large in
comparison with other modes of release. Class A-2 cannot be eliminated on
the basis of objective estimates of the probability of realization and--
according to results of a simple bounding calculation shown later in this
section--would have relatively large consequences if realized.

8.3.5.13-14
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Table 8.3.5.13-3. Supercategories of scenarios delineated according
to potential impacts on barriers of the geologic
repository (scenario classes)

Disturbed performance of barriers.

(A) Direct Releases:

1) direct release in an extrusive magmatic event;

2) direct release associated with human intrusion

(B)- Partial failure of engineered barriersa

(C) Partial failure of unsaturated zone barriers:

1) accelerated releases to the water table attending increased flux
from sources above the repository;

2) accelerated releases to the water table attending a rise in the
water table (foreshortening of unsaturated zone);

3) accelerated releases to the water table attending changes in
unsaturated zone rock-hydrologic properties or geochemical
properties.

(D) Partial failure of saturated zone barriers:

1) accelerated releases to the accessible environment owing to
appearance of discharge points within 5 km downgradient of
controlled area (foreshortening of the saturated zone flow
path), or changes in flow direction in saturated zone.

2) accelerated releases to the accessible environment owing to
increased linear water velocity in the saturated zones, changed
rock-hydrologic properties, or changed geochemical properties.

Undisturbed and nominal performance of all barriers.

(E) Undisturbed performance of all natural barriers:
(matrix flow predominates in unsaturated zone barriers, some
carbon-14 released in gas phase)

aNo independent, potentially significant classes have been associated
with this supercategory. I -
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The scenario classes in supercategory B that are considered relevant to
the system performance objective are judged to occur concurrently with
scenarios in supercategories C or D or to be part of the uncertainty asso-
ciated with nominal performance of EBS components (i.e., container and clad-
ding degradation rates or waste form dissolution rates and solubilities under
various likely conditions). Thus, no independent, potentially significant
scenario classes associated with supercategory B appear in Table 8.3.5.13-3.

Scenario classes in supercategory C (partial failure of unsaturated zone
barriers) appear to be of three types: (1) ones in which the global or local
percolation flux through the repository is increased, owing to the appearance
of sources above the repository (e.g., those involving climatic change or
local flooding from surficial sources); (2) ones in which the thickness of
the unsaturated zone is decreased, for example, by a rise in the water-table
level under the site; and (3) ones in which there are adverse changes in
unsaturated-zone rock hydrologic properties or the geochemistry of the
unsaturated zone. The logic of this organization follows from the fact that
the appearance of any one of the factors (increased flux, decreased
unsaturated-zone thickness, decreased saturated matrix conductivity or
decreased geochemical retardation properties) could lead to an increase in
the rate at which dissolved radionuclide-bearing compounds are transported
from the repository to the water table. Depending upon the events and
processes associated with these factors, each factor could appear singly or
in combination, i.e., correlated with either or both of the other two
factors.

Scenario classes in supercategory D (partial failure of the saturated
zone) may be organized in a similar fashion, but because of the nature of
saturated flow (which is not dominated by vertical flow as is the flow in the
unsaturated zone), the factor "increased flux through the saturated zone'
would be connected either with rises in the water-table level (considered in
C-2) or increased linear water velocity (considered in D-2).

The categories in Table 8.3.5.13-3 serve as the basis for the
information needs for this issue. That is, scenarios within a category are
defined by the category of process or event that initiates the scenario and
by the potential impacts associated with the category; these factors define
the parameters needed to evaluate and take that scenario class into account
in the assessment. For example, a scenario class associated with increased
flux in the unsaturated zone (category C-1) may be initiated by climatic
change. Parameters associated with the effect of the climatic change on the
flux in the unsaturated zone can be developed to address this scenario class.

In addition, information needs can be identified for scenario classes
involving combinations of the categories. For example, a scenario class
initiated by faulting may modify the rock hydrologic properties in the
unsaturated zone units (category C-3) and affect the ground-water flow in the
saturated zone (category D-2). Parameters associated with the relation
between the initiating event and the various impacts can be identified as
well.

The categorization in Table 8.3.5.13-3 is considered adequate to define
the investigations needed for both the nominal (undisturbed) performance and
the disturbed performance of the geologic repository at the Yucca Mountain

8.3.5.13-16
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site. That is. this categorization, in that it appears adequate to address
the preliminary scenario classes of Ross (1986a), is suitable to address the
current understanding of all significant processes and events at the site.
Potential initiating events for disturbed performance scenario classes are
discussed later.

Favorable and potentially adverse conditions of 10 CFR 60.122

Issue 1.8 addresses the need to obtain information to investigate and
evaluate the site'characteristics relevant to the siting criteria of 10 OFR
60.122. The evaluation required by the rule includes an assessment of the
impacts of ceztain favorable and potentially adverse conditions on waste
isolation. For efficiency in developing the site characterization program,
the scenario classes developed to evaluate the ability of the geologic
repository to meet the -system performance objective have been defined in such
a way that these favorable and potentially adverse conditions can be-
addressed.-

The method for accomplishing this definition was to compare the scenario
classes, developed for the potentially significant, site-specific processes
and events, with each favorable and potentially adverse condition of 10 CFR
60.122. This comparison then led to an attempt to ensure that each poten-
tially adverse condition is addressed by one or more scenario classes.
Further, the set of relevant scenario classes has been organized and defined
with the purpose of making clear the association of each of the potentially
adverse conditions and appropriate favorable conditions with a subset of the
scenario classes. The association of the favorable and potentially adverse
conditions with particular scenario classes is discussed in Section 8.3.5.17.

3. Technical discussion of the release-scenario classes'

This section describes the conceptual models of the release-scenario
classes listed in Table 8.3.5.13-3, and discusses those physical and mathe-
matical concepts associated with the conceptual models that are believed to
be important to the development of an issue resolution strategy.

Nominal case (E): water-pathway releases

A representation-of the present hydrologic setting at Yucca Mountain is
shown in Figure 8.3.5.13-2, which also shows the abbreviations to be used for
the hydrogeologic units. The proposed location of the repository is in the
Topopah Spring welded unit (TSw). The TSw units includes TSwl and TSw2 units
shown on Figure 8.3.5.13-2. Conceptual models of present hydrologic condi-
tions are described in Chapter 3 and Section 8.3.5.12 of this document.
Briefly,, it is believed that, within each unsaturated-zone rock unit, water
will flow downward and mainly in the matrices of the rock units, with
spatially averaged percolation flux not exceeding 0.5 mm/yr. Some lateral
diversion of flux may occur at the interfaces between distinct hydrologic
rock units (e.g., the interface between units TSw2 and CHnv-C~nz below the
repository, and the interface between units PTn and TSw1 above the reposi-
tory). This'diverted water may be directed down dip along the interface (as
matrix flow, given the present recharge rates) to the water table or to down-
ward drainage points in the highly faulted zone southeast from the edge of
the emplacement zone. Water reaching the water table will then flow in a
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Figule 8.3.5.13-2. General hydrogeologic cross section at Yucca Mountain. The wavy arrows show the flow
paths, as assumed in this report, from a potential repository through the unsaturated zone to the water table and
along the upper portion of the saturated zone toward the accessible environment (5 km away). Modified from
Sinnocktet a. (1986).
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roughly horizontal direction to the accessible environment boundary to the
southeast of the controlled zone.

Those radionuclide-bearing compounds which might be released in the
liquid phase as water percolates through the host rock (TSw2) could be trans-
ported along these water pathways, and may eventually reach the accessible
environment boundary. The subsurface portion of this boundary may be
imagined as a vertical, curved sheet that is everywhere located up to 5 km
from the edge of the waste emplacement. The amount of radioactivity released
to the accessible environments expressed in curies (Cilh in a 10,000-yr
period, in the form of the i radionuclide, for the j scenario class
involving water pathways, is calculated by the following expression:

X. A [ (LI + PI) dl] (8.3.5.13-8)

where

Qhi = radionuclide release (Ci)

= specific activity of the ith radionuclide (Ci/kg)

= local mass flux of t~he ith radionuclide in the matrix of the
saturated zone (kg/m [rock] yr)

thF; "= local mass flux of the i radionuclide in the fracture system of
,the saturated zone (kg/m2[rock]yr)

t = time (yr)

dii = an outwardly-directed area element on the accessible environment
boundary.

Note the j-dependence of quantities on the right of Equation 8.3.5.13-8 has
been suppressed for simplicity. Each mass flux is assumed to be the sum of
an advective flux and a dispersive-diffusive flux:

Stim = Chasm 9 EmDim * VCm (8 .3.5.13-9A)
-~~~~~~~ .. :1 - .C;.

- Ff = C&I f - Of* D. VC; (8.3.5.13-QB)

where

C,'.= mass concentration of the ith radignuclide-bearing chemical
species in matrix pore water (kg/m [water])

C; mass concentration of the ith radionyclide-bearing chemical
species in fracture pore water (kg/m twater])

= specific discharge through the matrix system
(m [water] /m [rock] yr)
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9f = specific discharge through the fracture system
(m [water]'/m -[rock] yr)

9 m = mobile moisture content in the matrix system (i3 [water]/m 3 [rock])

B1 = nmokile moist ire content in the fracture system
(m [water]/m [rock])

L~i.= effective dispersive-diffusive tensor in the matrix system
(m [rock]/yr).

Di = effective dispersive-diffusive tensor in the fracture system
(m [rock]/yr).

The dispersive-diffusive tensors are the sums of two tensors, one describing
molecular diffusion and the other describing hydrodynamic dispersion (Freeze
and Cherry, 1979). Note that, in the following development, the contribution
of the longitudinal component of molecular diffusion to the dispersive-
diffusive fluxes will be ignored because the Peclet numbers for the flows
that are likely to result in significant releases of radioactivity-will be
about 10 or greater. Furthermore, the dispersive component of mass flux will
be implicitly included in the specific discharges ( im and qj) by assuming
the latter are random fields (see Sinnock et al., 1986).

To calculate the mass fluxes ( fi and F) one must first solve partial
differential equations expressing the transport of dissolved mass from the
vicinity of the repository to the accessible environment boundary; a solution
of the transport problem gives the mass concentrations ( C; and C},) as func-
tions of time and space, and requires the specific discharges ( A and f.)
and the moisture contents ( 0B. and Of ) as input quantities from a separate
calculation of the flow fields in the medium. The mathematical models of
flow that have so far been used to predict the hydrologic regime at Yucca
Mountain will not be reviewed here; Section 8.3.5.12 and Klavetter and Peters
(1986) describe the development of a Richards' equation that incorporates
composite-porosity concepts for flow through fractured, porous rock. The
following partial differential equations for the transport of dissolved mass
are consistent with the flow model of Klavetter and Peters and are adopted
from Wilson and Dudley (1987):

9C-m =- .VC,-i x i Ict + xi )CR± 5 R (A, A i2A)(f- C;) (8.3.5.13-10A)

- * VC - A C! A'A ('() C - ! - C1 ) (8.3.5.13-1OB)

where

x = decay rate of the ith nuclide species (yr 1)

.th
id = effective transport velocity for the t species in the matrix

system (defined below) (m[rock]/yr)
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.th,Y = effective transport velocity for the i species in the'fracture
system (defined below) (m[rock]/yr)

= adsorptive.retardation factor for the i species in the matrix
system (defined below)

RI = adsorPtive retardation factor for the ith species in the fracture
system (defined below)

= advective coupling constant (m3 [water]/m3 [rock]yr)

A = diffusive coupling constant (m3 [water]/m 3 [rock]yr).

The numbering of nuclides :is such that nuclide i-L decana into nuclide i.
The nuclide at the beginning of the chain, nuclie 1X,. would not have a
parent, so A has a value of zero by definition.

fm and the effective transport velocities for the j thspecies,
are defined by

: em~m .(8.* 3 .5 .13-11A)

- . Yz = RqJ ~~~~~~~~(8.3.5.13-liB)

RA and IV, the adsorptive retardation factors for the Ith radionuclide
species, are defined by

. .~~~~~~~~~~~~r

, ' J4X= }+ - ' (8.3.5.13-12B),

hi + crf:0 (-..SIB

where

K;d= distribution coefficient of the ith species (M'[water]/kg)

hb ='bulk density of rock (kg/m [rock])

a, = fracture surface area per unit volume of rock (m1 (rock])

Ki = distribution coefficient of the ith radionucl de species expressed
.on a per-unit-surface-area basis (m [water]/m. [rock],).

Some typical values for Ki and estimated values of I4m for the various
radionuclides in spent fuel are shown in Table, 8.3.5.13-4.' Because fracture
surface areas are usually much smaller than pore surface areas and because
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Table 8.3.5.13-4. Typical distribution coefficients and approximate
retardation factors for welded and nonwelded Yucca
Mountain hydrogeologic units

Distribution Retardat on
coefficient,a K factor, R

(ml/g) d ..--dm
Element Welded Nonwelded Welded Nonwelded

Americium 1,200 4,600 28,000 24,000
Carbon 0c 0 1 1
Curium 1,200 4,600 28,000 24,000
Cesium 290 7,800 - 6,700 41,000
Iodine 0c 0 1 1
Neptunium 7 11 160 58
Protactinium 64d 140d 1,500 740
Lead 5 5 120 27
Plutonium 64 140 1,500 740
Radium 252 0002 5800000 130,000
Tin 100 100 2,300 530
Strontium 53 3,900c 1,200 21,000
Technetium 0.3 0d 8 1
Thorium 500 500 12,000 2,600
Uranium 1.8 5 3d 27 45
Zirconium 500 500 12,000 2,600 K>o

aUnless otherwise indicated, distribution coefficients were taken from
Table 6-25 (DOE, 1986b) or were inferred from the sorption ratios quoted by
Danigis et al. (1982).

Calculated using values of moisture content of 10 and 28 percent and
bulk densities of 2.33 and 1.48 g/cm for welded and nonwelded tuff.

.No data available; assumed to be zero.
dInferred from the midrange retardation factor for tuffs in compilation

in Table 7-1 in National Research Council (1983).
eBarium used as a chemical analog.

chemical equilibrium may not be reached in rapid fracture flows, the adsorp-
tive retardation in fracture flow RI, can be regarded as a number of the
order of unity (Sinnock et al., 1984b) (i.e., sorption in fractures may be
ignored).

Equations 8.3.5.13-10A and 8.3.5.13-1OB would be the standard transport
equations (Freeze and Cherry, 1979), without dispersive-diffusive terms,
except for the presence of the coupling terms proportional to Cat - C; on
their right-hand sides. In particular, the reciprocal of the quantity A'2
is a measure of the time required for the concentrations in the fracture pore
water (Cq) to come to equilibrium with its counterpart in the slowly moving
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matrix pore water (C).; Wilson and Dudley (1987) show that these coupling
constants have the forms

A1 = aG V (8.3.5.13-13)

_.;. ,. . t2 > i, (8.3.5.}314)

a- = one-half of the mean spacing between fractures (m[rock])

JD;1= absolute magnitude of the effective dispersive-diffusive tensor in
the matrix (m [rock]/yr).

Note that lateral diffusion is accounted for in these coupling terms.

Several of the possible cases of transport of dissolved radionuclides
through Yucca Mountain rocks can be qualitatively analyzed by means of
Equations 8.3.5.13-10A, 8.3.5.13-IOB, and 8.3.5.13-14:

1. Partially saturated flow. In this case, percolation flux does not
exceed the saturated matrix hydraulic conductivity so the flow is
predominantly through the rock matrix, and only Equation
8.3.5.13-10A applies. This is believed to represent present hydro-
logic conditions at Yucca Mountain. Under these conditions, the
unsaturated-zone rocks will act as barriers to the release of
liquid-phase contaminants because water flows predominately in the
rock matrix, and matrix flow promotes rather long ground-water
travel times (GWTT) to the water table, as shown in Table
8.3.5.13-5. Retardation of many elements is likely to be large
under these-circumstances (see Table 8.3.5.13-4).

2. Fracture flow with weak coupling. In this case, the coupling con-
stants are small compared with the reciprocal of typical transport
times in fracture flow (L/ViJ where L is the unit thickness), and
Equations 8.3.5.13-10A and '.3.5.13-l0B both 'apply. The radionu-
clide concentrations spread out through the matrix and fracture
systems separately, with the fracture-system concentrations usually
outracing' the matrix-system concentrations. This situation could

arise in a discharge through a saturated structural feature
(Class C-3, Table 8.3.5.13-3).

3. 'Fracture flow with strong coupling. In this case, the coupling con-
stants.are larger than or comparable to the reciprocal of typical
transport times in fracture flow, and the concentrations of radionu-
clides in both-systems come to equilibrium. Wilson and Dudley'
(1987)'show that' in this case' a single transport equation for the
equilibrium concentration applies, and that the effective transport
velocity in the advective term of this equation after equilibrium
has been reached has the form

- A-* . .3
efl +e)j+ PbKd (...1-5
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Table 8.3.5.13-5. Estimatesa of ground-water travel time,
predominately matrix flow ,

Percentage of
total repository
area underlain Mean Standard deviation

Unit - -by the unit (yr) (yr)

Topopah Spring welded unit 98.5 - 4,765 .1,920

Calico Hills vitric unit 95.3 11,000 7-760

Calico Hills zeolitized 94,5: - 13,695 8,145
unit

Prow Pass welded unit 83.2 3,915 1,710

Prow Pass unwelded unit 63.1 15,020 8)025

Bullfrog welded unit 25.6 6,800 4,085

Bullfrog nonwelded unit 7.5 5,445 .3,25

Estimated totald 43,265 12,785

aEstimates are for the entire unsaturated zone underlying the disturbed
zoneb Variability in unit thickness is taken into account.

Percolation flux = 0.5mm/yr.
Source:' Sinnock et al. (1986).

dTotal is not a sum of the individual columns but represents the
quantities-for total ground-water travel time through the entire unsaturated
zone.

Since 9 m is almost always much greater than 6j, the effective transport
velocity is virtually the same as that for an equivalent porous medium with
an effective porosity equal to Bm and an adsorptive distribution coefficient
equal to Ki. Thus, we- shall say that models of equivalent-porous-medium
transport apply when concentrational equilibrium is reached (or. closely
approached), and Equation 8.3.5.13-15 approximately applies. Under these
circumstances, it is easy -to see that for percolation flux up to 5 mm/yr,
transport times for nonsorbing species through a 50-m section of
unsaturated-zone rock would equal or exceed one thousand years, and transport
times for sorbing species would exceed ten thousand years.

The third-case stated above is likely to apply to those water-pathway
scenario classes involving repository-wide failure of the unsaturated zone
barriers: i.e., classes C-1, C-2, and C-3 in Table 8.3.5.13-3. Of most
interest, though, is whether it would apply in the saturated zone. Since the
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rocks in the saturated zone are known to be highly fractured and it is known
that flow through fractures may be orders of magnitude faster than-matrix
flow, it has previously been assumed that the saturated zone would not be an
effective barrier against releases.. In Table 6-19 of the EA (DOE, 1986b),''
the ground-water travel time-along a 5-km path to the accessible environment
boundary is estimated to be approximately 170 yr, which is brief compared
with the times-shown in Table 8.3.5.13-5; the effective porosity used in
these estimates was 0.0001, a value of fracture porosity attributed to
Sinnock et al. (1984b). But if equivalent-porous-medium transport models are
applicable to the saturated zone, the transport times for nonsorbing species
would be larger than 170 yr by a factor of 100 to 400 (the estimated ratio of
matrix porositj to fracture porosity) (i.e., 17,000 to 68,000 yr) and once -
coupled, sorbing species would be practically immobile in the saturated zone.
Thus, whether the saturated zone is an effective barrier against releases to
the accessible'environment will depend on whether equivalent-porous-medium
models apply there (i.e., whether advective-dispersive coupling can be
achieved along the flow paths between the repository area and the accessible
environment boundary).

According to the Wilson-Dudley model, the saturated zone may provide a
good barrier to transport of nonsorbing and some weakly sorbing species, but
would not reduce by much the releases of strongly sorbing species which,
nevertheless, could be strongly retarded in the unsaturated zone. To see
this, note that according to Equations 8.3.5.13-1OB and 8.3.5.13-14, an
estimate of the time constant governing establishment of concentrational
equilibrium'between fracture and matrix flows is

' i = Read .(8.3.5.13-16)
£2 |Ljyj

Assume that the parameters in this expression take the following values in
the saturated zone: fracture spacing (2a) equal to 30 cm (CHnv + C~nz from
Table 1 of Klavettfr and Peters, 1986), an effective diffusivity ( L )
equal to 1.0 x 10 m/yr and adsorptive retardation factors (RI) equal to
the values given in Table 8.3.5.13-4 for nonwelded tuff. Then, using these
assumptions, the following are'the time-constant ( 4, ),estimates: (1) for
nonsorbing species, 0.23 yr; (2) for uranium, 10.4 yr;,(3) for plutonium, 170
yr; and (4) for americium, 5,520 yr. In the Wilson-Dudley model (Wilson and
Dudley, 1987), the effect of weak coupling on concentrations of strongly
sorbing species in fracture flows is easily seen from Equations 8.3.5.13-71A
and 8.3.5.13-lOB. Transport of these species is at the fracture-flow veloc-
ity, and weak coupling may at best only increase the effective decay rate for
concentrations of'strongly-sorbing species. Thus, using plutonium-239-as an
example, one could assign an effective half-life of 0.693 times 170 yr (118
yr) instead of the usual 24,400-yr half-life against radioactive decay. In
the saturated zone, where water travel times in'fracture flow are' also about
170 yr, the effective decay" of -concentration would only reduce cumulative
discharge of plutonium-239 by a factor of about 1/e, or about 37 percent.

The Wilson-Dudley model (Wilson and Dudley, 1987) may prove to be overly
conservative in the sense that it overestimates the time required to couple -

mass concentrations in fracture flows with mass concentrations in matrix
flows, thereby leading to larger discharges of strongly sorbing.species at
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the accessible-environment boundary than would be predicted by equivalent-
porous-media transport calculations (i.e., calculations using a single mass X
concentration that moves with the effective transport velocity in Equation
8.3.5.13-15).' Other investigators (Rasmuson and Neretnieks,,1981; Sudicky
and Frind, 1982) seem to reach a different conclusion regarding the depen-
dence of the time constant (- t ) governing coupling on the retardation
factors ( Rm). Although it is difficult to seemin their analysis, Rasmuson
and Neretnieks (1981) appear to predict a time constant of the form

ge = , (8.3.5.13-17)
15 Di.

where r is the'radius of a matrix block (which is assumed to be spherical and
is the same order of magnitude as a in the Wilson-Dudley model (1987 - see
Eq. 8.3.5.13-14).' Similarly, the work of Sudicky and Frind (1982) suggests
that the time constant should be,

a2

to= - (8.3.5.13-18)

where a is now one-half the uniform spacing between fractures which are
assumed to be planar and parallel. Note that each of the last two forms of
time constant are independent, of the retardation factor- and, apart from
factors of 2 or 3,, are of the same magnitude as the time constant for
coupling nonsorbing species in the Wilson-Dudley model (Eq. 8.3.5.13-16).

These different estimates of the time required to couple mass concentra-
tions in fracture and matrix flows illustrate the need for validated concep-
tual and mathematical models of transport of solutes through the actual
(i.e., not idealized) fractured, welded and nonwelded tuffs of Yucca
Mountain. Investigations'to produce such validated models are described in
Chapter 4 and' in Section 8.3.1.3 (Geochemistry Program). The Wilson-Dudley
model (Wilson and Dudley' 1987) is undoubtedly conservative relative to the
models of Rasmuson and Neretnieks (1981) and Sudicky and Frind (1982); but it
is not clear that the first or the third of these models are conservative
because each assumes that the permeabilities and constrictivity-tortuousity
factors of the surfaces separating fracture void space from matrix void space
are the same as the permeability and constrictivity-tortuousity factor of the
matrix. Rasmuson and.Neretnieks (1981) do postulate an arbitrary mass-
transfer coefficient for the interface between matrix and fracture void
spaces but they then assume it is the same as internal mass transfer
coefficients for their calculations. Such an assumption could-be wrong if
relatively impermeable mineral coatings or mineral-grain, occlusions occur
over a large fraction of the fracture surfaces. In such circumstances, the
effective area for entry into the matrix per unit volume of rock could be
reduced by several orders of magnitude, with the effect of reducing the
effective diffusivity in the formulae for coupling time given above.

A systems-level mathematical model has been developed for predicting the
partial performance measure MA for those scenario classes involving
releases along water pathways (e.g., classes in supercategories E, C, and D=
in Table 8.3.5.13-3). The model to be presented applies to the nominal
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(undisturbed) case and to many of the disturbed-case scenario classes, but is
discussed here under the nominal case for the sike of convenience. Discus-
sion of this model will serve several purposes in this section:

1. It-will illustrate the feasibility of and level-of-detail required
for the "simplified" models mentioned in the preceding section
(Construction of a CCDF) as being necessary for a calculation of the
CCDF.

2. It will show, inma way that may be clearer than the-preceding dis-
cussion of radionuclide transport theory, why certain data and
information concerning (a) hydrologic and geochemical properties of
Yucca Mountain rocks and (b) probabilities and intensities of events
or processes initiating a scenario class are needed to resolve this
issue.

3. It will partially document the basis for the largely nonquantitative
reasoning so far used to make preliminary assessments of the .
relative magnitudes of the EPPMs for scenario classes involving
releases along water pathways. .

This last purpose should be emphasized: the model'to be presented here
is preliminary and has at least three serious limitations (the assumptions
(1) through (3)-given in the next paragraph) that could lead to under-
estimates of the partial performance measure. These limitations will be
remedied by further model development and validation in the future. Most of
the detailed development of the following model can be found in Section 3.0
of Sinnock et al'. (1986).

Assume that (1) coupling between mass concentrations in matrix and
fracture flows is always strong enough to justify the assumption of
equivalent-porous-media transport in both the unsaturated and saturated zones
(UZ and SZ), (2) all radionuclides can be treated as single-member decay
chains, (3) the process of longitudinal molecular diffusion can be ignored,
and (4) mass release rates from the EBS can be calculated with the formulae
given in Section 3.1.1 of Sinnock et al. (1986). Then, making a slight
extension of Equation 40 in Sinnock ethal. (1986), one can show that the
partial performance measure for the i scenario class involving releases
along the water pathway may, in most cases, be approximated by the following
expression:

_ ai ., e- = e fi LSe-i[I _ e (if i)1i) (8.3.5.13-10)

where

= number of waste packages involved in the release scenario

NT = total number of waste packages in the repository at closure

i= inventory of the ith radionuclide species at.time of closure
(Ci/MlTB)..
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thL, release limit (per MTHI) for the i radionuclide as specified in
proposedlO CFR 60.115 and 40 CFR Part 191, Appendix A (Ci)

th
ri = fractional mass release rate of the t radionuclide species from

any One of the waste packages involved in the release scenario
(yr )

t = regulatory period of performance (10,000 yr)

A = decay constant for the ith radionuclide species (yr )

' = a time interval to'be described below (yr)

u(z)= unit step'function, (is(z) = 1 if z >O, and u(z) = 0 if 2<0).

Table 8.3.5.13-6 provides values for decay constants, radionuclide inven-
tories, release limits, and calculated values for the normalized inventory at
risk ( a1/L,') for the radionuclide species of concern. The following
discussion will clarify the meaning of these variables and, the equation in
general. Note that the subscript j applies to certain variables appearing on
the right-hand side, but has been suppressed to simplify the expression. The

j-dependence of each variable -will be noted below.

With the exception of t, NX, Xi, and Li, all the variables appearing.on
the right-hand side of Equation 8.3.5,13-19g may be regarded as random vari-
ables in the sense that uncertainties dictate. that they be treated as'distri-
buted quantities (examples will be mentioned later). Thus, M, is also a
random variable whose statistical properties must usually be evaluated by
simulation.

The number of waste packages involved in the release scenario (N)
depends on scenario class Si and on the nature and intensity of the process-
or event that initiates a realization of the release scenario (e.g., the
number of packages intercepted by flow through a fault zone). In every case-,
0 < N < XT

The fractional mass release rate (pi) applies only to release in a
liquid phase from bare waste form, and is estimated in Section 3.1.1 of
Sinnock et al. (1986) by

9-,AS.
_s A- (8.3.5.13-20)

where

q= magnitude of specific discharge of water near a waste package
(a I yr)

A = effective water-intercept area of a waste package (W2)

Al. = mass of waste matrix per package (kg)

= effective solubility limit (kg/n3).
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Table 8.3.5.13-6. Reference inventory used in system-level models (page 1 of 2)

Decay conrtant Assumed inventory at 10 CFR 60.115a Normalized inventory
Nuclide xi (yr ) closure, v4 (Ci/MT ) limit, k (Ci/MTM) at risk, a/4

Cm-246 1.28 x 104 3.5 x 10 2 0.1 3.5 x 10
Cm-245 7.45 x 10 5 1.8 x 10 0.1 1.8 x 100
Am-243 8.72 x 10 3 1.4 x 10 0.1 1.4 x 10I
Ar-242 4.56 x 10-3 1.0 x 0 3 1.0 1.0 x 101
Am-241 1.51 x 10 1.6 x 10 0 0.1 1.6 x 10I
Pu-242 1.83 x 10- 1.6 x 100 0.1 1.6 x 10t
Pu-240 1.05 x 104 4.5x 102 0.1 4.5'x 103
Pu-239 2.84 x 10 2.0 x 102 0.1 2.9 x 103
Pu-238 8.06 x 10 3 2.0 x 103 0.1 2.0 x 10o
Np-237 3.24 x 10- 3.1 x 101 0.1 3.1 x 100
U-238 1.54 x 10 3.2 x 1 0.1 3.2 x 10
1U-236 2.90 x 10 8 2.2 x 10 1 0.1 2.2 x 10°
1U-235 9.76 x 10 10 1.6 x 10 2 0.1 1.6 x 10 1
1U-234 2.81 x 106 7.4 x 102 0.1 7.4 x 10
U-233 4.28 x 10 6 3.8 x 10 5 0.1 3.8 x 104

Pa-231 2.13 x 10 5 5.3 x 106 .0.1 5.3 x 10 5
Th-232 4.95 x 10-t1 1.1 x 10-to 0.1 1.1 x 10 -
Th-230 8.66 x 10- 4.1 x 10- 0.1 4.1 x 10-5
Th-229 9.44 x 10- 2.8 x 10- 0.1 2.8 x'10
Ra-226 4.33 x 10 7.4 x 109 Ol 7.4 x 10
Pb-210 3.11 x 10-2 7.0 x 10 lO 1.0 7.0 x-10
Cs-137 2.31 x 10-2 7.5 x 104 1.0 7.5 x 10,
Cs-135 2.31 x 10 7 2.7 x' 101 1.0 2.7 x 10
I-129 4.36 x 10- 3.3 x 102 1.0 3.3 x 10-



Table 8.3.5.13-6. Reference inventory used in system-level models (page 2 of 2)

Decay constant Assumed inventory at 10 CFR 60.115a Normalized inventory
Nuclide I (yr- ) closure, aj (Ci/UTHU) limit, 4 (Ci/MTHI) at risk, ai/A

Sn-126 6.93 x 10O6 4.8 x 10 I 1.0 4.8 x 10-
Tc-99 3.22 x 10 6 1.3 x 101 10.0 1.3 x 100
Zr-93 7.29 x 1i07 1.7 x I 1.0 1.7 x 10°
Sr-G0 2.39 .x 10-2 5.2 x 10 1.0 5.2 x 1°_2
Ni-59 8.68 x 10 4 3.0 x 10-2 1.0 3.0 x 102
C-14 1.21 x 10 1.5 x 10° 0.1 1.5 x 10l

SUM= 1.7 x 10

aFrom the proposed amendments to 10 CFR Part 60.
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9iis expressed mathematically as-
- Six= mi(Si

where

S = sQlub litS limitMfr' th chemical species carrying the 1th
radionamwcd i n Y

Sl = solubility limnt for the bulk waste formz kgma).

The fractional mass release rate ( ri a depends on the scenario class
and the nature and intensity of initiwtiqg events or processes through its
dependence on qX and 1j (which are also dependent on the nature and intensity
of initiating events and processes). In future formulations of Equation
48..3.5.13-19, ri may be replaced with empirically determined fractional
release rates as a function'of time and specific discharge (q,) near a waste
package. Determination of actual release rates from waste packages under
different repository hydrologic conditions is part of the investigations
associated with Issues 1.4 and 1.5.'

.The quantity r, appearing in Equation 8.3.5.13-19 is defined by

' r=t-[maix( . T1T+d r)+ (8.3.5.13-21)

-where

= regulatory period of performance (10,000 yr)

T)= waste package containment time (yr)

T = total delay time (yr)

tb
= the unsaturated zone transport time for the i radionuclide

species (yr)

.thI:= the-saturated zone transport time for the i radionuclide species
(yr) . - ..

The waste-package containment time ( T. ) is actually either the
waste-package containment time or the time during which waste package
temperature exceeds 95C, whichever is greater. Tt, the total delay time,
measured after closure and before the onset of a.release, is defined by

Td =T + t? (8.3.5.13-22)

where

T, = waiting time, after'closure, before the first occurrence of an
initiating event or process that may lead to a release (yr)
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t? = time interval representing the delay between the occurrence of the
initiating event or process and the epoch when releases begin
(yr).

Examples of- .. are;. (1) the epoch at which motion occurs along a fault zone
that is sufficient to divert substantial amounts of down-dip flow through the
repository ( t. would then be the delay between the event, 'fault motion,"
and the event "flow in fault reaches the repository level"); and (2) the
epoch at which a large surface-water impoundment is formed near the con-
trolled area (t.,would then be the delay between the event, *formation of
impoundment, and the event- "wetting-front from impoundment reaches repos-
itory level'). Clearly). T. 'and ti depend on the scenario class (J) and the
nature and intensity of the initiating events or processes.

The unsaturated zone. (UZ) transport time for the i tradionuclide
species ( 7r )tAs the time required for a molecule of a chemical species.
carrying the j radionuclide, which is released from the repository in the
liquid phase, to reach the water table. If it is assumed that coupling
between mass concentrations in matrix and fracture flows is strong in the UZ,
then the effective transport, velocity is given by Equation 8.3.5.13-15 and

I I

-=| =| (am. + Of + pbKi) A (8.3.5.13-23)

where

= any point in that pa'qhof the repository affected by flows
associated with the j scenario class and the event or process
initiating the flow .

= a point on the water table connected to a by a flow pathway
through theUZ

ds = an element of length along the pathway from a to y.
th

-The saturated zone (SZ) transport time for the ith radionuclide species
( 1r ) is defined in a manner similar to the UZ transport time. Again, if
strong coupling in the SZ is assumed, then

f ds

= = - (nJ + a! + patK) ds (8.3.5.13-24)

where -

q& = specific discharge in the saturated zone (m3/m2 yr)

n^- = effective matrix porosity in the. saturated zone

n = effective fracture porosity in the saturated zone X
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z = a point on the accessible environment boundary connected to
(defined above) by a flow pathway through the saturated zone.

Finally, the quantity u(7j) appearing in Equation 8.3.5.13-19 is the
unit step function: u(r) = 1 if ri > 0, and u(ti) = 0 if rT < 0. Since this
function appears as a multiplicative factor in each term of the sum in
Equation 8.3.5.13-19, it is clear that if any one of the Ts in Equation
8.3.5.13-21 exceeds 10,000 yr, or if the sum of the Ts exceeds 10,000 yr,
that term will make no contribution to the sum in Equation 8.3.5.13-19.
Thus, the various Ts' (T., T., T. and T.), are sensitive quantities in the
determination of the magnitude of the partial performance measure WMj) and
warrant special discussion. Before beginning this discussion, it is
appropriate to reiterate the claim made earlier that, with few exceptions,
the variables in Equation 8.3.5.13-19 are distributed variables; it is
therefore appropriate to refer to the distribution of the Ts, rather than
specific values that the Ts may take.

The distribution of waste-package containment time (T.) is not known.
Estimates in the Yucca Mountain site environmental assessment (DOE, 1986b)
suggest'that 3,000 yr < T, < 30,000 yr, but no distribution was attached to
this range. Current studies proposed for determining the distribution of T.
are outlined in Section 8.3.5.9.

The waiting times after closure until first occurrence of the process or
event that initiates a release (T.) will be distributed differently according
to the process or event and scenario class to which it pertains (in this
nominal case, T. = 0). In most cases, and particularly for events, waiting
times are assumed to be exponentially distributed with a given annual proba-
bility of occurrence. For example, consider the scenario class C-1 (Table
8.3.5.13-3) and the initiating event, "episodic offset on faults creates new
pathways for drainage of water through the repository"; in this instance 1T.
may be exponentially distributed with an annual probability less than 10 /yr
(an expected recurrence time of 100,000 yr).

If the waiting time to first occurrence of an evept is exponentially
distributed with mean annual probability less than 10 /yr, then the proba-
bility that T. is less than 10,000 yr would be less' than one chance in ten
thousand. In other words, the event would be expected to occur at most once
during a simulation of many tens of thousands of runs and even on occurrence
the consequences might be zero if other time delays'were finite. To make a
significant contribution to the CCDF, the consequences (the sample value of
A!j) attending the occurrence of such a low-probability event would have to
exceed 10,000, with little delay between the event and a release to the
accessible environment. Events or processes associated with releases along
water pathways fulfilling these conditions are inconceivable, although some
events attending direct releases (e.g., scenario class A-1) may come near to
fulfilling them.

The time delay (t,)' between the occurrence of an initiating event or
process and the epoch when releases from the engineered barrier system
attending that event or process begins may in certain contexts be highly
sensitive in the determination of the magnitude of the partial performance
measure. Generally speaking,' to> 0 for those scenario classes involving
hydrologic response to changed boundary conditions on the flows through
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either the UZ or SZ (scenario classes in supercategories C and D). Though
few calculations of the dynamic response of flows to changed boundary condi-
tions have yet'been made, the preliminary studies that have been documented
indicate that tp for events affecting flows in the UZ tends to be long (1,000
to 10,000 yr), while tX for events affecting flows in the SZ tends to be
relatively short (tens to hundreds of yr). Our current tools for investigat-
ing hydrodynamic response times are the hydrodynamics module of the Total
System Performance Assessment Code (TOSPAC) for the UZ (under development,
but refer to Peters et al. (1986) or Klavetter and Peters (1986) for the
physical basis of TOSPAC's hydrodynamics), and the ISOQUAD code (Barr and
Miller, 1987) for the SZ. The calculation of tp for different scenario
classes and different initiating events or processes will in general require
the use of these or similar, phenomenological codes. In those cases where
the calculation proves difficult or time consuming, t, may conservatively be
set to zero.

The transport times ( 7" and V ) are probably the most sensitive quan-
tities determining the performance measure, Equation 8.3.5.13-19. From
Equations 8.3.5.13-23 and 8.3.5.13-24, it is seen that the distributions of
TZ and T.' apparently must be inferred by calculating the distributions of
space integrals whose arguments contain quantities that are themselves
distributed in space (e.g., the product p K4 is expected to be spatially
distributed with different mean values, variances and autocovariances
pertaining to each rock unit). Such a calculation would be time-consuming in
a systems-level model. However, considerable simplification is possible
using extensions of the analytic methods proposed in Appendix A of Sinnock et
al. (1986). Sinnock et al. (1986) show that distributions of ground-water
travel time can be conservatively represented by a normal distribution, and
analytic methods are developed therein for calculating the mean and variance
of the GWTT distributions; these analytic methods can be applied to the
calculation of the mean and variance of the transport times (7 E and 27). For
example, the mean of the UZ transport times can be estimated by

ju E[°m + ° + A~lk' - 1 (8.3.5.13-25)

where

= mern mobile ioisture content in the matrix system
(m [water] /m [rock]

= mep.n mobile Moisture content in the fracture system
(m [water]/m [rock]

k = index labeling rock geohydrologic units in the unsaturated zone
below the repository horizon

= thickness of the kth geohydrologic unit that intervenes between
the repository floor and the water table in the repository
area (m).

A bar over a quantity denotes the mean value or spatial average for a X

spatially varying quantity.
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Note that' 4 = 0 if a water-table rise completely submerges the kth unit.

Similarly1 the mean of'the SZ transport times Can be estimated by

1f4= E [.m + no + A £J,-i,[q, I (8.3.5.13-26)

where

no;~ = mean effective porosity in matrix

= mean effective porosity in fractures

'£ = -index labeling rock geohydrologic units in the saturated zone

,= flow-path length through the sth unit (m).

The sum of the individual J, 'is a total flow-path length from a given point
on the water table under the'repository to any point on'the accessible-
environment boundary. The formulae for estimating the variances of the
transport times (T. and :)' will not be quoted here;' it will suffice to say
that evaluation of these formulae will require the same mean values of the
quantities that appear on the right-hand sides of Equations 8.3.5.1.3-25 and
8.3.5.13-26, and in addition,"the spatial variances and autocovariance
lengths for, and correlation coefficients among, all these quantities. In
short, given estimates of'the statistical parameters associated with the
matural-distributions -of rock hydrologic and geochemical parameters associ-
ated with each geohydrologic unit, one can'estimate the distribution of the
transport times (7. and T). Note that estimates of each statistical param-
eter will intrinsically be uncertain because of practical limitations on both
the analytical methods used to ascertain values of those parameters, and on
the number of the data units (field samples or measurements) that can be
obtained for use in those analytical methods. Data that could be used to
infer these statistical parameters are presently sparse or nonexistent.

Considerable insight into the sensitivity of the transport times for the
determination of the. partial performance measure Mj' can be gained by study
of the expressions for the mean value of those variables (i.e., Equations
8.3.5.13-25 and 8.3.5.1.3-26). Since fracture porosities are almost always
much less than matrix porosities, order-of-magnitude estimates of the mean
transport times can be made from

(8.3.5.13-27A)

... -. 12> nmk;7-d (8.3.5.13-27B)

where all barred quantities on the right-hand sides now denote spatial
averages over the entire UZ or SZ as appropriate. Again, it is emphasized
that these estimates apply only'if the assumption of strong coupling between
mass concentrations in matrix and fracture flows is valid.
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For the UZ, one may take fn,., equal to 0.2 (Figure B-1 in Sinnock.et al.,
1986), values for A from column 5 of Table 8.3.5.13-4, and 1 equal to 250 m
(Figure 4(A) in Sinnock et al. (1986)). Using these values, one finds that
at 4g = 5 mm/yr, the mean UZ transport time for nonsorbing species (where
AS = 1) is just about 10,000 yr, and much longer for sorbing species (e.g.,
uranium's mean transport time through the UZ would be 270,000 to 450,000 yr).
The SZ mean transport ti Fes can be estimated by taking uin and Af as in the UZ
case, but q, = 3.2 x 10i m/yr and d = 5000 m (Table 6-19 in DOE, 1986b).
One finds that the mean transport time in the SZ for nonsorbing species is
about 30,000 yr, and for sorbing species, a term longer by the factor Ai.

Estimates such as these show why it may be possible to ignore the con-
tributions of sorbing species to the sum in Equation 8.3.5.13-19, provided
that the standard deviations (i.e., the square root of the variances) of the
transport times- are small compared with the mean, and also why the variances
of the transport times are important in determining the relative contribu-
tions of all species to the sum in Equation 8.3.5.13-19. These estimates
also show why a solution to the problem of coupling times for the transfer of
mass concentrations between fracture and matrix flows is badly needed,'par-
ticularly for flows in the SZ. 'If coupling times are short then, as indi-
cated, transport times for all species in the SZ may exceed 30,000 yr and the
SZ becomes the primary barrier to releases through the water pathways
(indeed, those scenario classes involving water-pathway releases would make.
little if any contribution'to the complementary cumulative distribution'func-
tions in this alternative). On the other hand, if coupling times are long
compared with the estimated 170-year ground-water travel time in the SZ, the
SZ barrier could only modestly reduce the magnitude of 10,000-yr cumulative
releases, and the UZ barrier would become the primary barrier to releases.

Nominal case (E): gas-phase releases

Release of radionuclides by gas pathways also applies to both
undisturbed-case and disturbed-case scenario classes, but, again, this
discussion is given here under the nominal case for convenience. A few of
the radionuclides'in spent-fuel waste forms, namely tritium, carbon-14,
krypton-85, and iodine-129, could be released from waste packages as gases or
in compounds that form gases. Of these, the only important one appears to be
carbon-14, in the form of carbon dioxide., The half-lives of tritium and
krypton-85 (12.3 yr and 10.7 yr, respectively) are short, and elemental
iodine is extremely reactive and likely to be released in a liquid or solid
phase. The source of gas-phase carbon-14 'is thought to be removal of carbon
from the oxidized skin of the Zircaloy cladding by reaction of the oxygen in
the atmosphere with carbon in the cladding oxidation layer to release carbon
dioxide" (Oversby and McCright, 1985). Oversby and McCright believe that as
much as one percent of the carbon-14 inventory in spent fuel may be available
for rapid release from the breached waste packages in the form of carbon
dioxide during the first 100 to 1,000 yr following closure (see Section
8.3.5.9). After the 1,000-yr containment period, the amount of C-14 avail-
able for rapid release from the breached waste packages would be very small
because of slow oxidation rate of C-14 to carbon dioxide due to low temper-
atures and gamma fluxes (see Section 8.3.5.10). C-14 in nongaseous forms
will be released slowly, probably in a liquid phase.
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Rapid release of one percent of the carbon-14 inventory to the acces-
sible environment would not alone violate the proposed rule (10 CFR 60.115).
An upper-bound estimate of the expected partial performance measure (EPPM)
for this scenario (assumed to be nominal case) is 0.15, assuming a normalized
inventory of 15 for carbon-14 (see'Table 8.3.5.13-6) at closure time and
prompt transfer of one percent of the carbon-14 to the atmosphere above the
repository. Carbon-14 dioxide originating in the waste form would, of
course, not be promptly transferred to the atmosphere, but would have finite
and possibly long residence times in partially saturated pore'spaces of the
repository's overburden during which times the carbon-14 could decay. In
addition, some of the released carbon-14 dioxide would diffuse downward and
presumably become dissolved in water in pore spaces of rock below the reposi-
tory horizon. The effect of long residence times and downward diffusion
would be to reduce the time-integrated flux of carbon-14 to the atmosphere
above the repository; that is, reduce considerably the upper-bound estimate
of the EPPM.

The time-dependent surface flux of carbon-14 originating in the waste
form may, in principle, be estimated by first constructing a conceptual model
of transport of carbon-14 dioxide through the partially saturated overburden
units at Yucca Mountain and, second, solving the system of transport equa-
tions rising from the conceptual model. The remainder of this discussion is
devoted to a description of one possible conceptual model of transport of
carbon-14 dioxide and the site-specific data needed to verify that conceptual
model and implement a solution of the associated transport equations.

The conceptual model for the transport of carbon-H4 dioxide through the
partially saturated overburden has three principal features:"

1. Gas-phase carbon-14 dioxide moves upward through air-filled pores
and fractures of the unsaturated tuffs by molecular diffusion and by
advection in a thermally-driven air convection cell. Analyses to
date do not permit either of these processes to be neglected.

2. An isotopic equilibrium exists between carbon dioxide in the gas
phase, which is mobile, and dissolved bicarbonate, which is
immobile. Advection of dissolved bicarbonate almost certainly may
be neglected.

3. Precipitation of calcite, if it occurs, irreversibly removes
carbon-14 from the system. The chemical controls on calcite
precipitation are not yet understood.

To describe this system, three sets of equations are required:

1. Equations for the movement of carbon-14 and its transfer among
phases.

2. Equations that determine the chemical environment, insofar as it is
not directly observable.

3. Equations for the velocity of. air flow.

The fol'lowing'discussion describes the preliminary model for releases
along gas pathways. Thorstenson et al. (1983) point out that each isotopic
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species of CO within unsaturated-zone gas diffuses according to its own
concentration2gradient. Advective transfer also will depend on the local
concentration of any-given species, independent of the presence of other iso-
topes. Mass transfer among phases can, however, depend on the concentrations
of other 'isotopic species.

With these considerations in mind, a governing equation for the concen-
tration of any gas in the unsaturated zone is needed. This is obtained by
adding advection terms to Equation 12 of Thorstenson et al. (1983). The one
dimensional equation is as follows:

82 a &~E~ & G- D~~e (8.3.5.13-28)
aC tis D 2CA =BD WA + (o D)is DiA

where

q9 = Darcy velocity of mass flow of the pore gas (cm/s)

qL = Darcy velocity of liquid water flow (cm/s)

CA = concentration of gas A (mole/cm3)

CA = concentrttion of gas A and its reaction products in the soil water
(mole/cm of water) (Thorstenson et al. define this variable as a
concentration per unit mass)

CA = concentration of substance A and its reactioji products in the
solid phase (mole/[cm of medium], where [cm of medium] refers to
the space occupied by solids + liquids + gases)

z '= dimension 'increasing with depth; 0 at land surface (cm)

= a tortuosity factor accounting for the added resistance to
diffusion imposed by the structure of the porous medium
(dimensionless)

en = drained or-gas-filled porosity (dimensionless)

DA = molecul~ar diffusion constant for diffusion of gas A into the pore
gas (cm /s)

t = time (s)

eT = total porosity (dimensionless)

OA = a production term for substance A [mole/cm3 of medium/s].

In addition to the measurable parameters r, OD, DA, and ET, Equa4tion
8.3.5.13-28 contains five quantities that must be calculated from other
models: qU, q9, aCA/8i, CA&/DI and CA. The production term OA will, for
carbon-14 originating from a repository, be obtained from waste-package
models that will not be discussed here. The interphase transfer terms (acA/8
and OCA/DI) depend on CA, and if species A is total carbon dioxide the
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relationship is nonlinear. The chemical models describing this relationship
must therefore be incorporated into the transport model.

Since liquid-phase advection is almost certainly negligible for carbon
species at Yucca Mountain, the second term on the left-hand side of the
equation, involving qL, can be dropped.

The gas advection velocity q, at any point depends on the gas density
throughout the mountain; the gas density depends on temperature and on the
partial pressures of water vapor (which, in turn, depends on temperature'
because the relative humidity of pore gas is always close to 100 percent) and
carbon dioxide. Both of these gases are more concentrated in unsaturated-
zone gases than in the atmosphere; water vapor is lighter than air and carbon
dioxide is heavier. Temperature differences between the mountain interior
and the outside arise from the damping out of'daily and annual temperature
variations in the subsurface, the geothermal gradient, and the heat source in
the repository. The first two of these factors, combined with the topo-
graphic relief of the mountain, induce a nonnegligible air flow under
existing conditions (Weeks, 1986; Kipp, 1986). Another, steadier component
of air flow will be induced by repository heating and continue-until the rock
temperature throughout the mountain has returned to its initial temperature.
The relative magnitude of these flows is unknown.

Steady air flows, such as those due to repository heating or mean
humidity differences between pore gas and atmosphere, are incorporated into
Equation 8.3.5.13-28 through the q, term. The best manner of treating
oscillating flows due to daily and annual temperature variations is
uncertain; rather than calculating a varying q,,' it may be easier to treat
these flows as a mixing process and replace the effective molecular diffusion
constant (rDA) with a mixing constant (D'), which varies from place to place.

Fortunately, it is possible at Yucca Mountain to decouple air-flow and
carbon-dioxide-transport models and solve the air-flow problems without
reference to CO . The advection velocity q, is essentially independent of
carbon dioxide Concentration because humidity and temperature effects are
much greater than the density changes associated with variations in CO
partial pressures.

Equation 8.3.5.13-28 requires two boundary conditions, one at the water
table and the other at or near the surface. Because the production of carbon
dioxide by plant roots is large'and difficult to quantify, it will probably
be more convenient to locate the upper boundary at the base of the root zone
rather than the surface. As for the lower boundary, Thorstenson et al.
(1983) -found that an assumption of chemical equilibrium between pore gas just
above the water table and water just below it frequently is not borne out.
Very likely, it will not be possible to develop mechanistic models of carbon
dioxide fluxes at the boundaries, and -concentrations there will simply have
to be set to measured values.

The quantity that must be calculated to determine regulatory compliance
is not the concentration CA, but the integral of the net flux to the
accessible environment over the area of the repository and'over a 10,000 yr
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period following closure. The mass flux of species A, which will be denoted
can be computed from solutions to Equation 8.3.5.13-28 as

8CA
qA= qgCA+ qLC T - reD (8.3.5.13-29)

8z

Note that in the sign convention used here, the fluxes (q) are positive
downward.

Solution of Equation 8.3.5.13-28 requires that formulae be derived for
the time derivatives of the quantities co and CA, representing the concentra-
tions of species A in the liquid and solid phases. Because the species of
interest are total carbon dioxide and carbon-14', these derivatives will be
equal to the rates of carbon-dioxide dissolution and carbonate mineral
precipitation. The rates of these reactions will be determined by the carbo-
nate chemistry of the system. Unfortunately, existing data are not adequate
to identify a unique chemical model. The model needed'for resolving Issue
1.1 will be developed as part of an investigation in the NNWSI Project geo-
chemistry program (Section 8.3.1.3.8).

A model for concentrations of total carbon dioxide is a prerequisite for
predicting transport of carbon-14 for two reasons:

1. The equation for carbon-14 transport will contain parameters
depending on concentrations of total carbon dioxide and bicarbonate.

2. The success of a model in explaining currently observed carbon-
dioxide concentrations is a valuable test of its validity.

To apply the transport Equation 8.3.5.13-28 to total carbon dioxide, one
needs formulae for the rates of change in the dissolved bicarbonate concen-
tration Cu and the solid calcite concentration C. These two quantities will
be addressed in an investigation in the NNWSI Project geochemistry program
(Section 8.3.1.3.8).

Two equations are needed to describe the aqueous and solid carbon-14
concentrations. Here, the concentrations and partial pressures of total
carbon dioxide are denoted as C, and Pt., respectively, and the concentration
and partial pressures of carbon-14 dioxide are denoted as C14 and P14.

The liquid and gas phases are intimately mixed, and both gas molecules
and dissolved ions are very mobile. The chemical reactions are rapid, and
isotopic fractionation factors between gas and aqueous-phase species and
among aqueous-phase species in the carbonate system are all very close to
unity. Consequently, isotopic equilibrium can be expected between gas-phase
carbon dioxide and dissolved bicarbonate. This gives the equation

C14 = Pi4 (8.3.5.13-30A)
Ci PT

Carbon atoms in solid calcite are much less mobile. At least as a first
approximation, they'may be thought of as a reservoir of 'dead' carbon with no
carbon-14 content. In this case, we can write equations not for the solid
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concentration C, but for its time derivative. Different equations are
obtained for the cases of net precipitation and net dissolution:

= P.14 for ->0 (8.3.5.13-30B)

- orC >

= , for - < 0 (8.3.5.13-30C)

Equation 8.3.5.13-30C for net dissolution rests on the assumption that there
has been no precipitation in the relatively recent-past (intervals of a few
times the half-life of 5,730 yr). If a period of precipitation followed by
dissolution within the next 10,000 yr is predicted, some carbon-14 would be'
released from the dissolving calcite and a different equation would have to
be used instead of Equation 8.3.5.13-30C.

If Equation 8.3.5.13-28 for transport of total carbon can be solved
without regard for carbon-14, substitution of that solution along with Equa-
tions 8.3.5.13-30 and 8.3.5.13-28 for carbon-14 will'yield a linear equation
for carbon-14 transport. This will indeed be the case. Natural carbon-14
abundances are on the order of one part in 0 . The carbon-14 in the repos-
itory will be considerably more abundant, but still negligible compared with
the carbon in impinging water and soil gas. Even a relatively high estimate
of the repository carbon-14 inventory at 105 Ci (van Koynnenburg et al.,
1985) only places about 22 kg of carbon-14 in the repository. It should be
noted that less than 1% of the 22kg inventory of C-14 may become available
for gaseous release. By comparison, if the disturbed zone around the
repository has a thickness of 100 m, an area of 6 ki, a drained porosity of
0.1, and a CO2 partial pressure of 0.1 percent by volume, it will contain
approximately 33,000 kg of carbon in the gas phase, and even more carbon will
be present as dissolved bicarbonate.

Disturbed case (A-1): direct release in basaltic volcanism

The consequences of basaltic volcanism on a waste-disposal site at Yucca
Mouttain were thoroughly studied some five years ago (Link et al., 1982)
before reference repository host rock and inventories for the presently
proposed site at Yucca Mountain were conceived. Many of the insights from'
this study are still relevant, however, and can be used as background for the
discussion of this scenario class.

'The formation of the basic Basin and Range topography of the (Yucca
Mountain site) has been punctuated throughout Tertiary and Quaternary time by
volcanism. In fact, (the site) is an up-faulted block made up of at least
6,000 feet of tuff, a volcanic rock: Only basaltic volcanism (dike-fed
cinder cones) is known to have occurred during Quaternary time in the region
surrounding the (site).' (Link et al., 1982)

During eruption, cinder cones like the ones near the Yucca Mountain site
are usually characterized by a pulsating columnar eruption of jets of gas and
lava fragments. At repository depths, cones are fed by vertical, tabular
magma bodies called dikes.
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'Geometric arguments suggest that if a tabular dike intersects the
repository, it would most likely intercept about seven spent fuel canis-
ters....Other positions or lengths of penetration of the dike in the reposi-
tory could result in the interception of as few as zero canisters or as many
as 448 spent fuel canisters.... Because there is no information available on
the possible interaction between a waste canister and-a basaltic dike, all
waste in each canister was assumed to be released into the magma.... If
waste were entrained by magma, some of it would be released by the eruption
column in the form of fine particles." (Link et al., 1982)

Using these insights about basaltic volcanism, one can make a rough
estimate of the expected partial performance parameter (EPPM) for this sce-
nario class. It is assumed that (1) the surface projection of the area
bounded by the perimeter drift, and extensions, is 5.1 km ; (2) a tabular
feeder dike passes through the center of the area bounded by the perimetfr
drift, and extensions, and has dimensions 1 m by 3 km (i.e., 3 x 10 km
area); (3) there are 18,000 waste packages uniformly distributed over the
area bounded by the perimeter drift, and extensions, with radionuclide
inventory given in columns 1 and,3 of Table 8.3.5.13-6; and (4) any waste
packages intercepted by the feeder dike are immediately ejected through the
cinder cone. The perimeter drift is the boundary of the primary repository
area and extensions; the surface projection is the vertical projection of the
primary repository area and extensions onto the ground surface.

Geometric argument shows that 11 waste packages are intercepted in this
case. One can estimate a bound on the consequences for release to the
accessible environment for this case using Equation 8.3.5.13-19, that is,

M < NT E L = 104 (8.3.5.13-31)
-NT.Li

where N = 11, NT = 18,000, and the sum over the index i of 51i is computed at
the bottom of column 5 of Table 8.3.5.13-6. If 4 x 10 8/yr (Crowe et al,.
1982) is taken as the upper-bound estimate of the annual probability of
occurrence of basaltic volcanism in the area bounded by the perimeter drift,
and extensions, it is found that the probability of such an event occurring
once in a 10,000-yr period is 4 x 10 , the probability of more than one
occurrence is negligible, and that the expected consequence (the EPPF
estimate) is

EPPM - 104 x 4 x 10-4 = 4.16 x1-2

Note that this is not an upper bound because the size of the feeder dike was
arbitrarily assumed. A more realistic calculation that takes into account
the decay of the waste inventory, the distribution in sizes of feeder dikes,
and the distribution of waiting times until occurrence of basaltic volcanism
can easily be made once the values of performance parameters for the scenario
are known.

X2
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Disturbed case (A-2): Direct release via human intrusion

Many scenarios involving human intrusion at Yucca Mountain can be imag-
ined, but for this document consideration is restricted to the events cited
in the-list of potentially adverse conditions (PACs)'(10 CFR 60.122(c)(2)).
This list mentions some of the human activities that could adversely affect
ground-water flow systems, namely (1) ground-water withdrawal, (2) extensive
irrigation, (3) subsurface injection of fluids, (4) underground pumped stor-
age, (5) military activity, and (6) construction of large-scale surface water
impoundments. In considering the potential effects of future activities of
the-se kinds, the DOE has assumed that none could credibly occur within the
boundaries of the controlled area (the area to be delimited by long-lasting
markers); however, the possibility of some circumspect exploratory drilling
within the controlled area is allowed.

Scenarios involving activities (2) and (6) will be incorporated in the
discussions of scenario classes C and D, which involve local or repository-
wide flooding from sources above the repository (C) and effects on the satu-
rated zone-'(D); neither of these activities could logically lead to direct
releases of radionuclides to the accessible environment in the context of
Yucca Mountain.

Activity 1, ground-water withdrawal, could lead to either direct or
indirect releases. Direct releases would occur through the pumping to the
surface of saturated-zone ground water-that has become contaminated with
radionuclides-from the repository. This situation is of concern for the
ground-water protection rule addressed by Issue 1.3 (Section 8.3.5.15).
Indirect releases could be linked to changes in ground-water velocities in
the saturated zone through changes in head gradients caused by water with-
drawal. -Given the long transport times' through the unsaturated zone that are
predicted for the nominal case (less than 1 percent of calculated ground-
water travel tines are' less than 10,000 yr (Sinnock et al.-, 1986)), the
consequences-of direct release through ground-water withdrawal appear to be
miniscule and can probably be ignored. The consequences of indirect release
through alterations in the head gradients of the saturated zone can also
probably be-ignored, but in any case are-amenable to quantification using
models for failure of the saturated-zone barriers (scenario class D in Table
8.3.5.13-3).

This leaves the essentially underground activities (3,-4, and 5), which,
along with other underground activities in the controlled area not mentioned
in the potentially adverse condition (PAC) list (e.g., underground explora-
tion for economic and scientific purposes), would logically be preceded by
some kind of investigations from'the surface. Consistent with the PAC list's
context of late 20th-century socioeconomic needs'and technology, the most
likely method of exploration from the surface would be the drilling of bore-
holes. It-is recognized that, in principle,.other humanactivities could be.
important. However, the DOE's judgment is that the assumptions specified
with regard to human activities in the definition of significant events-and
processes in-the proposed amendments to 10 CFR 60.2 (and given in the regula-
tory background for this discussion) limit those that should, in fact, be
considered. In the remainder of this-discussion, an upper-bound estimate of
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the expected partial performance measures (EPPM) for such inadvertent explor-
atory drilling will be made. The scenario assumptions are given in the
following paragraphs.

It is assumed that Yucca Mountain could become the site of many episodes
of exploratory drilling during the 10,000-yr period following closure. Each
episode is presumed to follow a period in which markers for the controlled
area (as defined by the NRC in 10 CFR 60.2) have either disappeared or become
unreadable, and records and knowledge of previous exploratory efforts are
lost. During each episode, there is the possibility that deep drilling on
the site will accidentally graze or penetrate a waste package, resulting in
radioactive material being brought to the surface along with core. The
activity of this material would thus contribute to the cumulative release to
the accessible environment that is the focus of proposed amendments to 10 CFR
60.112. Depending on the time of an episode after closure and the depth of
drilling in the unsaturated zone, some radioactivity could be brought to the
surface in the pore water of cores from those boreholes that do not graze a
waste package. This contribution is not considered in the present analysis,
but it could be considered in future analyses, given the same, kinds of data
as will be required for a complete analysis of the present scenario class
(A-1) and the nominal case (E).

It is assumed that 18,000 waste packages, each containing 3.89 MTEM of
spent fuel, are uniformly distributed throughout the area bounded by the
perimeter drift, and extensions, in the Topopah Spring (TS) unit (Figure
8.3.5.13-2). The bounded area is 1,260 acres (510 ha, or 5.1 km ). The
waste packages are cylindrical with an internal diameter of 68 cm and
internal length of 4.3 m; the analysis below will treat both vertical and
horizontal placement of waste packages. Waste composition of each package is
given in Table 6-47 of DOE (1986b). To bound the EPPM estimate, it is
assumed that a 100-yr-old waste inventory prevails during every exploratory
episode and that the rate of peyetration over the 10,000-yr period is
constant and equal to 0.0003/km yr (this rate of drilling is specified by the
EPA in 40 CFR Part 191, Appendix B as a maximum rate of penetration at sites
containing nonsedimentary rock). It is also assumed that each penetration
passes through the TS unit and that the drill-bit diameter is constant and
equal to 6 cm.

Given that the entire thickness of the TS unit under the surface projec-
tion of the perimeter drift and extensions is vertically penetrated by the
drill-bit, the probability that a waste package is at least grazed by any one
drill-bit is: { .0125 (horizontal emplacement)

|.00152 (vertical emplacement)

This probability is equal to the ratio of the total effective intercept area
of the 18,000 packages to the area bounded by the perimeter drift and exten-
sions. The effective intercept area/package is just the projected area/pack-
age plus the area of a 3-cm-thick border around the projected area. At the
given upper limit on the rate of penetration of the site (3 x 10 /1kcmyr),
one expects about 15 penetrations in 10,000 yr. Given NtE 15 tries, the
expected value of curies brought to the surface on the nt try (n = 1, 2,
3, . . . N) is Ci(n)p, where Ci(n) is the expected curies, in the form of the
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.th th
nuclide species, intercepted by the drill bit on the n try. Note that

this quantity would have to be estimated by simulation, taking into account
the change -in waste-package nuclide inventory with time. For purposes of
this bounding calculation, we introduce C.(max), the maximum curies that
could be intercepted by a drill bit in any try; thus, the expected value of
curies brought to the surface in N tries is

C = jCj(n)p< NpCi(max) (8.3.5.13-32)
n=1

and the expectation of the performance measure for this scenario class is

-M =E4i <Ni(m ) (8.3.5.13-33)

The quantity on the right side of the above inequality is an upper-bound
estimate of the expected partial performance measure (EPPM) for this scenario
class. The sum on the right side is calculated in Table 8.3.5.13-7. Using
the values of N and p given above it is found that

-A ,7.66 x 10-4 (vertical)
|9.9'X 10-4 (horiZOUW)

This upper-bound estimate should be compared with the estimatt of the EPPM
for nominal-case releases along water pathways, about 2 x 10 (Table 4 in
Sinnock et al., 1986).

Disturbed case (C-i): Increased flux through unsaturated zone

Some of the initiating events or processes causing an increased
percolation flux through the unsaturated zone (UZ) and a consequent decrease
in radionuclide transport times through the UZ are the following:

1. Climatic change causes increase in infiltration over controlled area
(C-area).

2. Offset on faults creates surface-water impoundments, alters
drainage, creates perched aquifers, or changes dip of tuff beds.

3. Volcanic eruption causes flows or other changes in topography that
result in surface-water impoundments or diversion-of drainage.

4. Jgneous intrusions, such as a sill, that could result in a change in
flux.

-5. Tectonic folding changes the dip of tuff beds in C-area, thereby
changing flux.

6. Uplift or subsidence changes drainage, thereby changing flux.

7. Subsidence of the mined repository creates surface-water
impoundments or diverts drainage.
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Table 8.3.5.13-7. Maximum radioactivity (in curies) released in a single exploratory drilling at the
Yucca Yountain site

Maximum radioactivity
in 6-cm-dia core,

Inventoryb C. (max) (Ci . (max)/L.
Inventory Hlorizontal1 Vertical Limit, L. Horizontil Vehl~ical~

Speciesa (Ci/UTUm) emplacement emplacement (Ci) emplacement emplacement

Am-241 3.5 x 103 16.7 106 7,000 2.39 x 103 1.51 x 102

Pu-241 1.0 x 103 4.78 30.4 7,000 6.83 x l0- 4.34 x 10-

Pu-240 4.5 x 102 2.15 13.7 7,000 3.07 x 10-4 1.96 x 10-3

Pu-239 2.9 x 102 1.39 8.84 7,000 1.99 x lo- 1.26 x 10-

Pu-238 1.0 x 103 4.78 30.4 7,000 6.83 x 10i4 4.34 x 10-3

Cs-137 9.4 x 103 44.9 286 70,000 6.41 x 10 4 4.09 x 10 3

Sr-90 5.7 x 103 27.2 173 70,000 3.89 x 1O0 2.47 x 103

Subtotal 102 648

Contributions
from other
species 0.42 3

Totals 102 651 5.29 x 10 3 3.36 x 10 2

8The seven radionuclides listed contribute more than 99 percent of maximum radioactivity in core;
refer to column 3.

b100-yr-old spent fuel. Source: Tables 3.3.8, 3.3.9, and 3.3.10 in DOE (1979).
CEPA limit on 10,000-yr releases for 70,000 MTUM of spent fuel (40 CFR Part 191).
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8. Natural surface-water impoundments are formed over access shafts
connecting surface and repository.

' '. Extensive irrigation is conducted near the C-area.

10; Large-scale surface-water impoundments are constructed near the
C-area.

Of these events and processes, climatic change is probably the agent with the
most potential for increasing local and repository-wide flux levels. The
diversion of drainage from down-dip flow attending an episodic offset along a
fault passing through the repository could also substantially increase'local
flux and, as a consequence, place a limited numberbof waste packages in
pathways to-the water table along which the UZ transport times are short
relative to the mean transport times of the nominal case. The other initi-
ating events or processes appearing in the above list will probably prove to
have consequences that are indistinguishable from nominal-case consequences.
In particular, those events or processes leading to floods over the C-area
will probably have very long hydraulic-response times, and thus near-zero
consequences. This belief stems from preliminary calculations of flooding
that show response times of thousands of years. There is also a small number
of waste packages that would be intercepted by the "plume' of a flooding
event, and a-negligible reduction in UZ transport time would be caused by the
slight increase influx that attends a flooding event.

Disturbed case (C-2): Foreshortening of the unsaturated zone

Initiating events and processes that could lead to a decrease in the
effective thickness of the-unsaturated zone-(UZ) and a-consequent decrease in
radionuclide transport times through the UZ are the following:

1. Climatic change causes an increase in altitude of water table.

2. Igneous intrusion causes a flow barrier or thermal effects that
alter water-table level.

3. Offset on fault juxtaposes transmissive and non-transmissive units,
resulting in either the creation-of a perched aquifer or a rise in
water table.

4. Episodic changes in strain in the rock mass due to faulting cause
changes in water-table level.

5. Folding, uplift, or subsidence lowers repository with respect'to
water table.

6. -Extensive irrigation is conducted'near the C-area.

7. Large-scale surface-water impoundments are -constructed near the
C-area.

8. Extensive surface or subsurface'mining occurs near C-area.

9. Extensive ground-water withdrawal occurs'near C-area.
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Of these events and processes, climatic change is again believed to be the
agent with the most potential for increasing the elevation of the water table
under the C-area; Czarnecki (1985) used a regional hydrologic model
(Czarnecki and Waddell, 1984) and extremely conservative assumptions about
the effects of climatic change on ground water systems to show that water-
table elevations might rise by as much as 130 m in the future. The effect of
changed offset along faults on saturated-zone transmissivity may also be im-
portant in determining water-table elevations. Barr and Miller (1987) have
used the ISOQUAD code (Pinder, 1976) to explore the effects of abrupt altera-
tions of saturated-zone (SZ) features presumed to control the distribution of
hydraulic heads. For example, they assumed a fault-controlled model with
sudden leakage across the Solitario Canyon fault and predicted rises in the
water-table altitude under the C-area of 30 m with hydrodynamic response
times of about 115 yr. A connection between fault motion and changes in
leakage across that fault has not been firmly established. Hence, the calcu-
lations of Barr-and Miller (1987) should be viewed as a worst-case
calculation.

The other initiating events or processes appearing in the list will
probably prove to have consequences indistinguishable from nominal-case
consequences, or even have positive effects such as the lowering of the
water-table level through ground-water withdrawals or mine dewatering. In
any case, these beliefs need to be confirmed by quantitatively screening the
consequences of realization of each of the initiating events or processes
shown in the list.

Disturbed case (C-3): Altered UZ rock-properties and geochemistry

Initiating events and processes that could alter rock-hydrologic
properties and geocbemical conditions in the UZ in such a way as to decrease
radionuclide transport times through the UZ are the following:

1. Igneous intrusions cause changes in rock hydrologic properties.

2. Igneous'intrusions cause changes in rock geochemical properties.

3. Episodic offset on faults causes local changes in rock hydrologic.
properties, thereby destroying existing barriers to flow or creating
new conduits for drainage.

4. Offset on a fault causes changes in movement of ground water,
resulting in mineralogical changes along the fault zone.

8. Offset on a fault changes radionuclide travel pathway to one with
different geochemical properties.

6. Changes in stress or strain in C-area resulting from episodic
faulting, folding, or uplift cause changes in the hydrologic
properties of the rock mass.

7. Tectonic processes cause changes in ground-water table or movement
that results in mineralogic changes in C-area.

8. Extensive irrigation is conducted near C-area.
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9. Large-scale'surface-water impoundments are constructed near the
C-area.

10. Extensive surface or subsurface mining occurs near C-area.

Acting alone, none of these events or processes are currently believed to be
capable of leading to consequences distinguishable from undisturbed-case
consequences; nevertheless, this belief needs to be confirmed by a
quantitative screening of consequences.

Disturbed case (D-1):, Foreshortening of flow paths in the saturated zone

Initiating events and processes that could lead to the appearance of
surficial discharge points within the C-area, thereby shortening radionuclide
travel times through the SZ to the accessible environment, are the following:

1. Climatic change causes appearance of surficial discharge points
within C-area.

2. Igneous intrusions cause flow barrier or thermal effects that alter
water-table level.

3. Offset on fault juxtaposes transmissive and non-transmissive units,
resulting in either the creation of a perched aquifer or a rise in
the water table.

4. Episodic changes in strain in the rock-mass due to faulting causes
changes in water-table level.

-5. Folding,-uplift, or subsidence lowers repository with respect to
water-table.-

Climatic change is believed to be the only credible cause of a water-table
rise sufficient to create long-term surficial discharge points. Even so, a
consideration of the minimum distances between the current water table and
the surface levels apparent within recently proposed boundaries for the
C-area (Rautman et al.,' 1987)'shows that water-table rises greater than 160 m
would be required to create new discharge points. The appearance of surfi-
cial dischargepo'ints within the C-area is not the only way by which the
saturated zone (SZ) could be foreshortened. Changes in the horizontal compo-
nent of the gradient of the SZ head contours could also lead to decreases in
the means and increases in the variances of the radionuclide transport times
(changes in the vertical components of the SZ head contours, i.e., changes in
the magnitude of the linear water velocity through the SZ, are included in
scenario class D-2). It is interesting that this lattereffect depends upon
the definition of the boundaries of the C-area that is ultimately adopted.
The effect has not been considered in the choice of initiating events and
processes ih the preceding list.
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Disturbed case (D-2): Altered SZ head gradients, rock hydrologic properties,
and geochemistry

Initiating events and processes that could lead to adverse alterations
of the saturated zone (SZ) vertical head-gradients, or SZ rock hydrologic
properties, or SZ geochemistry are the following:

1. Climatic change causes an increase in the hydraulic gradients of the
water table within the C-area.

2. Igneous intrusion causes flow barriers or thermal effects that alter
water table (or hydraulic gradients).

3. Offset on faults juxtaposes transmissive and nontransmissive units,
resulting in either the creation of a perched aquifer or a rise in
the water table (or a change in hydraulic gradients).

4. Extensive irrigation is conducted near C-area.

5. Large scale surface-water impoundments are constructed near the
C-area.

6. Extensive surface or subsurface mining occurs near C-area.

7. Extensive ground-water withdrawal occurs near C-area.

'Adverse' alterations means changes that could decrease radionuclide
transport times in the SZ. Again, the only potentially important cause of
adverse alteration in the vertical head gradient is believed to be climatic
change. In his most recent calculations, Czarnecki (1985) predicts that a
four-fold increase in specific discharge in the SZ could accompany the 130 m
water table rise associated with a model of future climatic conditions.
Changes in SZ transmissivity associated with fault motion might also have
some small effects on radionuclide transport times in the SZ, as shown by
Barr and Miller (1987); however, the model effects on transport time of an
uncoupled contaminant particle through the SZ observed by Barr and Miller
(1987) are probably related more to changes in the horizontal components of
the head gradients than in the vertical components. In any case, both
climatic change and faulting need to be seriously considered as agents of
change in the SZ transport times.

4. A preliminary performance allocation for Issue 1.1

A preliminary performance allocation for this issue is summarized in
Table 8.3.5.13-8. Since we are concerned with the total system and perform-
ance measures for the total system, it is appropriate to allocate performance
against those perceived events and processes to which the total system must
respond. Column 1 of Table 8.3.5.13-8 lists the eight potentially signifi-
cant scenario classes identified in Table 8.3.5.13-3. Column 2 indicates the
mode(s) of the release (or release pathway) corresponding to each scenario
class. For reasons mentioned in the background material on gas-phase
releases, the gas pathway is considered important only for the nominal
case (E). Column 3 shows a preliminary assessment of the barriers on which
primary reliance may be placed in meeting the performance goal listed in
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Table 8.3.5.13-8. Preliminafy Performance allocation for Isstiu 1.1 (page 1 of 2)

Release System elements Performance
scenario Primary b Primary processes measure Tentative Needed
class Pathway Primary barriers barrier components or conditions (EpMC goal confidence

NOMINAL CASl

E Water Unsaturated zone;
saturated zone,
EBS as backup

Combined facies of
Calico Hills;
other units as
backup

Equivalent-porous-
media transport
through matrix
with adsorptive
retardation

EPPM < 0,01 High

Gas EMS; overburden as
backup

Container and struc-
tural components

Limited rapid release
of carbon-14 as
carbon dioxide

EPM c 0.2 rIedipu

A-l
A-2

I DIRECT RELEASES

Direct (No allocation: see text for explanation)

FAILURE OF UNSATURATED ZONE BARRIERS

EPPM
EPPM

< 0.1
< 0.1

High
Medium

C-l Water Repository over-
burden

Paintbrush Tuff unit
and Topopah Spring

None

Flooding-pulse delay
times > 10,000 yr

< 0.01 High

Gas None None High

C-2 Water Saturated sone; .
EnS and residual
unsaturated sone
as backup

Saturated zone to
boundary of AR
(or discharge
points)

Equivalent-porous-
media transport
with adsorptive
retardation

EPPM < 0.1 V

Gas None None None High



Table 8.3.5.13-8. Preliminary performance allocation for Issue 1.1 (page 2 of 2)

Release System elements Performance
scenario Primary b Primary processes measure Tentative Needed
class Pathway Primary barriers barrier components or conditions (EPPM)c goal confidence

FAILURE OF UNSATURATED ZONE BARRIERS (continued)

C-3 Water Saturated zone; Saturated %one to Equivalent-porous- EPPM < 0.01 Nigh
BBS and residual boundary of AE media transport
unsaturated sone (or discharge with adsorptive;
as backup points) Tetardation

Gas None None None High

FAILURE OF SATURATED ZONE BARRIERS
(does not affect gas-phase releases)

D-1 Water Residual saturated zone + residual unsatu- Equivalent-porous- EPPU < 0.1 Medium
rated zone, BBS as backup media transport

with adsorptive
retardation

D-2 Water Residual saturated zone + residual unsatu- Equivalent-porous- : PPM < 0.1 "High
rated zone, BBS as backup media transport

with adsorptive
retardation -

8EBS = engineered barrier system.
AB = accessible environment.

C9 axiuum EPPI for each event/process associated with
for Issue 1.1).

scenario/class (see subsection on discussion of issue-resolution strategy
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column 6; possible backup barriers are also indicated. Column 4 shows the
component(s) of the primary barrier that are believed to contribute most to
the achievement of the performance goal; column 5 gives the reason for the
assignment of a primary barrier in the form of the processes or conditions
that may ensure the achievement of the performance goal. Column 6 shows the
performance measure for each scenario class, the expected partial performance
measure (EPPM), and column 7 shows a goal for that measure; column 8 shows
the needed confidence that this goal be met. It must be emphasized that
these measures of confidence are subjective, since models to calculate the
EPPMs for all scenario classes are not yet available,and considerable
judgment has been used in making assignments in columns 7 and 8.

Except for the gas pathway in the first scenario class of Table
8.3.5.13-8, all entries in column 7 were made using the assumption that
fractional release rates of radionuclides from the engineered barrier system
(EBS) would not exceed the 10 CFR Part 60 limit of 0.00001 parts per year of
the 1,000-yr inventory.: This may be an unrealistic assumption for the highly
soluble compounds associated with carbon, technetium, and iodine.

It is not possible to allocate performance of the total system for the
direct-release scenario classes (A-1 and A-2 in Table 8.3.5.13-3). However,
the estimates of the EPPMs for these scenarios that are in column 7 of Table
8.3.5.13-8 are conservative, particularly if the improbability of short delay
times before the occurrence of the initiating events is taken into account.
The delay-time probabilities have also been factored into the assignments in
columns 7 and 8 for some of the water-pathway scenario classes (C-1, C-2,
D-1, and D-2).

Tables 8.3.5.13-9 through 8.3.5.13-16 (performance parameter tables)
list the parameters needed to evaluate the EPPM for the scenario classes and
the goals associated with these parameters. Table 8.3.5.13-17 lists param-
eters that support the performance parameters in these tables and are needed
to evaluate the overall CCDF. The eight performance parameter tables give,
for each initiating event or process, the associated 'performance measure,'
performance parameters,' "tentative goals,' and confidence ('current' and
"needed'). These phrases are explained in general terms in Section 8.1.1.
In these tables, the 'performance measure' is the EPPM specified in Table
8.3.5.13-8. The 'performance parameters' are data and information that are
required to calculate or assess- values of the EPPM for each scenario class.
The 'tentative goals" state quantitative or qualitative conditions on the
value of a performance parameter. These goals are not criteria that the site
repository or other parts of the system must meet; they are merely values
which, if met, are likely to lead to achieving the quantitative goal for the
EPPM. In the 'confidence columns, 'current confidence' is a measure of the
confidence on a scale of high (h), medium (m), and low (1), that currently
available data and information would suffice to show that the goal for the
performance parameter could be met; the 'needed confidence' column indicates,
on the same scale, an assessment of the confidence needed to establish in a
formal licensing action that the goal for the performance parameter has been
met.
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Table 8.3.5.13-9. Performance parameters for Scenario Class B (the nominal case) (page 1 of 3)

SCP section pro-
Performance Performanse Tentative viding expected Current Needed

parameter parameter goal parameter vilues confidencec confidencec

EPPY for liquid
pathway, unsatu-
rated sone (UZ)
barrier only

%u - average flux,
through R-area UZ,

n - average effective
matrix porosity,
R-area UZ

R. - average chemical
'rgftardation factor for

1 species

d- average thickness
of R-area UZ between
repository and water
table

< 0.5 mm/yr

> 0.1

None I H

I3.9.2.1 L

8.1.3.31 8,3;1.3

8.3,5..12, 3.9.1.2

H H

.. 1

2z

:I
> 100 m V U

r, - fractional 'mass
release rate from.
engineered barrier
system (BBS) for it
species

< 104 /yr, -
all species.

7.4.3.1.1,
7.4.3.2.1

U

EPPM for liquid
pathway, satura-
ted sone (SZ%
barrier only

- average discharge
in SZ under C-area

nf- average effective
matrix porosity,
C-area, SZ -

< 32 mm/yr

> 0.1

None L 9

I'
3.9.2.1 L

( C



C (able 8.3.5.13-9. Performance parameters for Scenario Class B (the nominal case) (page 2 of 3)

Table 8.3.5.13-0. Performance parameters for Scenario Class B (the nominal case) (page 2 of 3)

SCP section pro-
Performance Performanse Tentative viding expected Current Needed
measurea parameter parameter goal parameter values confidencec confidence

EPPM for liquid
pathway, satura-
ted zone (SZ)
barrier only
(continued)

R. - average chemical
retargtion factor
for i species,
C-area, SZ

00
6

Ca

I'
Oi

- average length of
Sflow paths through SZ
from C-area to
accessible environment
boundary

r.- fractional mass
release r de from
EBS for i species

> 5,000 m

< 10 4/yr,
all species

4.1.3.3, 8.3.1.3

3.6.4 ,

7.4.3.1.1,
7.4.3.2.1

H

L

L

U

UM

M

EPPM for gas path-
way

Fraction of total
carbon-14 inventory
that could be released
as carbon-14 dioxide

Fraction < 10%
of inventory
at closure

7.4.3.1 L H



Table 8.3.5.13-9. Performance parameters for Scenario Class B (the nominal case) (page 3 of 3)

SCP section pro-
Performance Performanse Tentative viding expected Current Needed
measurea parameter parameter goal parameter values confidencec confidencec

BPPM for gas path- Mean residence time of Show resi- None L H
way (continued) released carbon-14 dence, tisde

dioxide in UZ units > 30,000 yr

aB~PP = expected partial performance measure; see subsection on discussion of complementary cumulative
distribution functions and significantprocesses and events.

bR-area = the projection of primary area and extensions onto the surface; C-area =,the controlled
area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of controlled area;
UZ = unsaturated or partially saturated zone; SZ = saturated zone.

CL = low, M = medium, and H - high.
dPerformance parameters and goals apply only if equivalent-porous-media transport is valid in the SZ;

otherwise, the SZ cannot act as a backup barrier to water-pathway releases.
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Table 8.3.5.13-10. Performance parameters for Scenario Class A-1 (extrusive magmatic events)

SCP section pro-
Performance Initiating Performance Tentative viding expected Current b Needed b SCP

measure event or process parameter parameter goal parameter values confidence confidence section

zm&ya Volcanic eruption Annual probability of < 10-8/yr 1.5.1 L . B 8.3.1.8.1
penetrates reposi- volcanic eruption
tory and causes that penetrates the
direct releases to repository
the accessible
environment Effects of volcanic Civen occurrence, 1.5.1 L M 8.3.1.8.1

eruption penetrating ehow <0.1% Of
repository, inclu- repository area
ding area of reposi- in disrupted with
tory disrupted a conditional

probability of
<0.1 of being
exceeded in
10,000 yr

000 I
I

�f_:
01�-

4-�O
4

B

'4
�m.
'4
H

BMPP = expected partial performance measure; pee subsection on discussion of
and significant processes and events.

bL = low, Y 5 medium, and B - high.

complementary cumulative distribution function



Table 8.3.5.13-11. Performance parameters for Scenario Class A-2 (exploratory drilling)

SCP section pro-
Performance Initiating Performance Tentative viding expected Current b Needed b M

measure event or process parametera parameter goal parameter values confidence confidenceb section

EPPUc Exploratory drilling
intercepts a waste
package and brings
waste up with core
or cuttings.

Presence and reada-
bility of C-area
markers over next
10,000 yr.

Expected drilling
rate (noi of bore-
holes/km yr) in
R-area over the
next 10,000 yr.

> 50% chance that
markers are read-
able over next
10,000 yr.

Expected drillinf
rake S 3 x 10 /
km yr

None

None

L

L

U 8.3.1.9.1

L None

Distribution of
depths of explora-
tory drillings.

Distribution of
diameters of
exploratory drill
holes.

No goal None L

L

L None

L None

0I a

'IZ
1 tv

A

No goal None

aR-area = the projection of primary area andiextensions onto-the surface; C-area = the controlled area, i.e., the actual area
chosen according to the 10 CFR 60.2 definition OI controlled area..

L = low and U = medium.
cEPPM = expected partial performance measure; see subsection on discussion of complementary cumulative distribution function

and significant processes and events.
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Table 8.3.5.13-12. Performance parameters for Scenario Class C-1 (local or extensive increases in

percolation flux through unsaturftdd zohd) (page 1 of 9)

SCP section pro-
Performance Initiating IntersediAte herfornT Isuentative xiding expected Currentb Needed b BCP

measure event or process performance measure psrameter parameter gol pretr talues onfidence confidence section

EPiv Clinatic change causes
increase in infittra-
tion over C-area

Offset on faults cre-
wtes surface impound-
Bents, alters drain-
age, creates perched
aquifers, or changes
dip of tuft beds

Radionuclide transport
time through unsatura-
ted tone (UZ), given
fixed U2 thickness,
rock hydrologic pro-
pertie , and geochemi-
cal properties

Radionuclide transport
time through UZ, given
fixed US thickness,
rock hydrologic pro-
perties, and geocNmi-
cal properties

Expected magnitude of flux
change due to climatic
changes over next 10,030
yr; Quantitative confi-
dence bounds on expected
magnitude of change

Probability of offset
>2 a on a fault is the
C-area in 10,000 yr

Probability of changing
dip by >2' is 10,000 yr
by faulting

Flux change will
be < 5 smwyr
with 67% con-
fidence or more

( 10l

( 104 per .
10,000 yr

3.7.1

1.3.2.2

None

L

L

L

I 8.3.1.5.2

V 8.3.1.8

L 8.3.1.8

effect of faulting on fl%

Volcanic eruption
causes flows or other
changes in topography
that revult in
, impoundment ar diver-

sion of drainage

Radionuclide transport
time through UZ, given
fixed Ut thickness,
rock hydrologic pro-
pertie. Bad geochemi-
cal properties

Annual probability of vol
* csnic events within

C-area

Effects of a volcanic
event on topography mnW
flow rates

M Faulting will Not
affeet flux
becau e of low
slip rate

l_ < 10(/yr

Topographic cbanges
d re not enough

to affect flux

flown

1.5.1

1No0

L

L

L

N J.3.1.6

Y 8.3.1.8

L 8.3.1.8

I1
Igneous intrusions,

such as a sill, that
* could result In a
change in flux

Radionuclide transport
time through Ut, given
fixed US thickness,
rock hydrologic pro-
perties and geochemi-
cal properties

Annual probability of
significant igneous
intrusions in the C-area

Effects of a igneous
intrusion on flux

( 10-'/yr

Igneous intrusion
will not affect
flux because of
depth, location,
and extent 'of
intrusion

< 10 per
10,000 yr

1.5.1

None

L

L

a 8.3.1.8

L 8.3.1.8

Tectonic folding
changes dip of tuff
beds in C-area,

I thereby chsngting flux

Radionuclide transport
time through Ut, gives
fixed US thickness,
rock hydrologic pro-
perties and geochemi-
cal properties

Probability of changing
dip by >2 in 10,000 yr
by folding

1.3.3 L L 8.3.1.8



Table 8.3.5.13-12. Performance parameters for Scenario Class C-1 (local or extensive increases in
percolation flux through unsaturated zone) (page 2 of 2)

Performance Initiating
measure event or process

Intermediate
performance measure

Performanceaparameter
Tentative

parameter goal

SCP section pro-
viding expected
parameter values

Current . Needed b
con idenceb confidence

SCP
section

EPPM Uplift or subsidence
changes drainage,
thereby changing fiux

Subsidence of *ined
repository creates
impoundments or
diverts drainage

Natural surf ace-ater
impoundments are
formed over access
shafts connecting
surface and reposi-
tory

badionuclide transport
time through UZ, given
fixed UZ thickness,
rock hydrologic pro-
perties andgeochemi-
cal properties

ladionuclide transport
time through UZ, given
fixed UZ thickness,
rock hydrologic pro.
portien, and geochemi-
cal properties

hadionuclide transport
time through UZ, Liven
fixed UZ thickness,
rock hydrologic pro-
perties, and geochemi-
cal properties

Probability of exceeding
30 a elevation change in
10,000 yr

Probability that continu-
ously displaced surfaces
from subsidence originat-
ing at repository will
intersect interface of
TS- nd Pin units in
10,000 yr

Expected magnitude of
locAl flux change, and
quantitative bounds on
agnitude of flux change,

due to flooding through
access shafts

Expected fraction of waste
containers which are sub-
ject to changed flux

( 10-4 per
10,000 yr

( l0-4

Show (25,000 m*/yr
would pass
through access
shafts

1.1.3.3

None

3.7.1, 3.7.2

L

L

L

L 8.3.1.8

i None

U None

cma

i
Extensive irrigation is

conducted near the
C-area

Large scale surface-
water impudments
are constructed near
the C-area

ladionuclide transport
time through UZ, given
fixed UZ thickness,
rock hydrologic pro-
perties, and geochemi-
cal properties

Radionuclide transport
time through UZ, given
fixed UW thickness,
rock hydrologic pro-
portieo, and geochemi-
cal properties

Expected magnitude of
flux change due to
extensive irrigation
near C-area over next
10,000 yr

Expected magnitude of flux
change due to presence
of as artificial lake
near the C-area in next
10,000 yr

Show less than
0.01% of con-
tainers would be
subject' to more
than a 1001 flux
change caused by
flooding through
access shafts.

No goal (humn
activity)

No goal (human
activity)

None L i None

None NA NA 8.3.1.9.3

NA 8.3.1.9.3None NA

n-TSU~~~~~~~ .=
LS = Topopab Spring welded unit; PTn = Paintbrush nonwelded unit.

bL a low, 1= medium, E a high, and NA- not, applicabis.
EPPL . expected partial performance measure; see subsection on discuseion of complementary cumulative distribution functions

and significant processes nd events.
C-area a the controlled area, i.e., the actual area chosen according to the 10 CPR 60.2 definition of controlled area.

C C f
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Table 8.3.5.13-13. Performance parameters for Scenario Class C-2 (foreshortening of the unsaturated

zone) (page 1 of 2)

(

SCP section pro-
Pertormance Initiating Intermediate Performania Tentative uiding inpected Current b Needed b SCP

measure event or process pertforsnce measure parameter parameter goal parameter values contidence confidence section

EPPIUc Climatic change causes Radionuclide transport Expected magnitude of° Expected magnitude 3.7.1 L 1 8.3.1.5.2
an increase in alti-
tude of water table

tine through unsatu-
rated sone (UZ), given
fixed UZ rock hydro-
logic and geochemical
properties

Radionuclide transport
time through UZ, given
fixed UZ rock hydro-
logic and geochebical
properties

change in water-table
level due to climatic
cihangee over the amn
10,C00r -

Annual probability of
significant igneous
intrusion within 0.5 hk
of C-area boundary

Barrier-to-flow effects of
igneous intrusions on
water-table levels

Igneous intrusion
-cause. barrier to

flow or thermal
effects that alter
water-table level

00

Oia

10
CD

of change in
water-table alti-

tude will not
bring water
table to within
100 a ot reposi-
tory horison in
10,000 yr

(10 i/yr

expected magnitude
of change in
eater-table alti-
tude will not
bring water
table to within
100 * of reposi-
tory horison in
10,000 yr

Expected tagnitude
of change in
water-table alti-
tude will not
bring water
table to within
100 a of reposi-
tory borison in
10,000 yr

<10'1

1..1 L N 8.3.1.8

L 8.3.1.8None L

Thermal effects of igneous
intrusions on eater-table
levels

None L

L

L 8.3.1.8

V 8.3.1.8

L 8.3.1.8

Offset on fault juxta-
poses transaissive
and nontransmiusive

-unit., resulting in
either the creation
of a parched aquifer
or a rise in water
table

Radionuclide transport
time through UZ, givenj
fixed UZ rock hydro-
logic and geochemical
properties

Probability of total off-
seto )2M0 a in 10,000
yr on faults within
C-area boundary

affects of fault offsets
on water-table levels

1.3.2.2

Expected magnitude
of change in
water-table alti-
tude will not
bring water
table to within
100 a of reposi-
tory horison in
10,000 yr

Non*



Table 8.3.5.13-13. Performance parameters for Scenario Class C-2 (foreshortening of the unsaturated
zone) (page 2 of 2)

00

C,

!n

SCP section pro--
Perforuence Initiating Intermediate Pertor p Tentative viding expected Current b Needed b

measure event or process performanc aeure parameter parn ater goal pareter valuec confidence confid nceb Msection

EPPM Episodic changes in Radionuclide transport Probability that strain- (10 /yr 1.3.2.3 L L 8.3.1.8
(continued) strain in the rock time through U2, given induced changes increase

sass due to faulting fixed US rock bydro- potentioestric level to
causes changes in logic and geochemical >850m mean sen level
water-table level properties

Folding, uplift or eadionuclide transport Probability that repository l00-4 per 10,OqO yr 1.1.3 L L 8.3.1.8
subsidence lowers time through US, given will be lowered by 100 a
repository with fixed UZ rock hydro- through action of fold-
respect to water logic and geochemical iag, uplift, or subsi-
table properties dence in 10,0O0 yr

Extensive irrigation Radionuclide transport Expected magnitude of No goal (human None NA NA 8.3.1.9.3
is conducted near tine through UZ, given change in altitude of activity)
the C-area fixed UZ rock hydro- water table under C-area

logic and geochemical due to extensive irriga-
properties tion near C-ares over

next 10,000 yr

Large-scale surface- Radionuclide transport Expected magnitude of No goal (huma Non NA NA 8.3.1.9.3
water impoundments tine through US, given change in water-table activity)
are constructed near fixed UZ rock hydro- level under C-area
the C-area logic and geochesical due to placesent of

properties artificial lake near
C-area in next 10,000 yr

Extensive surface or Radionuclide transport Expected m agitude of No goal (human None NA NA 8.3.1.9.3
subsurface aining tine through UZ, given change in water-table activity)
occurs near C-area fixed U rock hydro- level under C-area due

logic and geochemical to mine water usage or
properties mine dowatering near

C-area in next 10,000 yr

Extensive ground-water Radionuclide transport Expected magnitude of No goal (huma 3.8.1 NA NA 8.3.1.9.3
withdrawal occurs time through UZ, given change in water-table activity)
near C-area fixed U2 rock hydro- level under C-area due

logic Rnd geochemical to extensive ground-water
properties withdrawal near C-area

in next 10.000 yr

a C-area = the controlled area, i.e., the actual are& chosen according to the 10 CYR 60.2 definition of controlled area,
bL low, V= medium, b = high, and NA - not applicable.
cEPPr = expected partial performance measure; see subsection on discussion of complementary cumulative distribution function

and significant processes and events.
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Table 8.3.5.13-14. Performance parameters foir Scenario Class C-3 (changes in unsaturated

hydrologic and geochemical properties) (page 1 of 2)
zone rock

S? section pro
Performance Initiating Intermediate Performance Tentative viding expected Current Needed SCP

measure event or process performance measure parameter parameter goal parameter value conlfidencea section

_ .b.

igneous intrusion
causes changes in
rock hydrologic pro-
perties

Radionuclide transport
time through unsatu-
rated sone (UZ), given
fixed thickness of UZ

Igneous intrusion
causes changes in
rock geochemical pro-
perties

Ibadionuclide transport
time through UZ, given
fixed thickneus of UZ

Annual probability of
significant igneous
intrusion within 0.5 km
of C-area boundary

Effects o igneous intru-
*ion on local parses-
bilitiee and effective
porosities

Annual probability of
significsnt igneous
intrusion within 0.5 km
of C-area boundary

tffectn'of igneous intru-
sionn on local rock geo-
chemical properties

Annual probability of
faulting events on
Quaternary faultn within
0.5 km of C-srea boundary

Effects of fault motion on
local permeabilities and
effective porouities

<10 -'yr 1. 5.

No significant
changes in
rock hydrologic
properties

(10'/yr

None L L 8.3.1.8

L

I.5A.

1 B 3J. 15

L V 8.3.1.8

00

Cr'

-A3

Potential changes
in mineralogy will
not be extensive

Episodic offset on
faults causes local
changes in rock
hydrologic proper-
ties, therby destroy-
ing existing barriers
to flow, or creating
new conduits for
drainage

Offset on a fault
causes changes in
movement of ground
water that result in
mineralogical changes
along the fault sone

Radionuclide transport
time through UZ, given
fixed thickness of
UZ

Radionuclide transport
time through UZ, given
fixed thickness of UZ

Probability of movesent
within 2 km of surface
and location of
Quaternary fault. in
C-ares

Degree of mineralogic
change in fault
sone in 10,000 yr

Probability of total off-
sets >2.0 a in 10,000 yr
on faults within 0.5 ka
of C-area boundary

Effects of fault offsets
on travel pathway

Change in fracture
permeability is
less than a fnc-
of 2 and fracture
porosity decreases

<10 4 /yr per
fault

Adverse changes in
mineralogy will
not occur

(10- I

lNo

1.3.2.2

None

1.3.2.2

Ibne

L

L

L

L

L

L 8.3.1.8

V 8.3.1.8

V 8.3.1.8

L 8.3.1.8

N 8.3.1.8

Offset on a fault
changes potential
radionuclide travel
pathway to one with
different geochenical
properties

lldionuclide transport
time through UZ, given
fixed thickness of UZ

1.3.2.2 L V 8.3.1.8

Significant changes
will not occur

None L L 8.3.1.8



Table 8.3.5.13-14. Performance parameters for Scenario Class C-3 (changes in unsaturated zone rock
hydrologic and geochemical properties) (page 2 of 2)

00
i4
C"

Ca

SCP section pro-
Performance Initiating c Intermediate Performance tentative viding expected Current . Needed SCP

measure event or process performance measure parameter parameter goal parameter values confidence confidence& section

EPPyb Changes in stress or Radionuclide transport. Effects of changes of Changem in con- 1.3.2.3 L L 8.3.1.8
strain in C-area tiue through UZ, given stress or strain on ductivity and
resulting from epi- fixed thickness of UZ hydrologic properties of porosity of rock
sodic faulting, told- the rock mass mass are lsen
ingor uplift causes than a factor of 2
chbnges in the hydro-
logic properties of
the rock mass

Tectonic processes Radionuclide transport Degree of mineralogic Adverse changes None L L 8.3.1.8
cause changes in tiMe through UZ, given change in the controlled in mineralogy will
ground water table fixed thickness of UZ area resulting from not occur
or movement that changes in meter-table
results in miners- level or flow paths in
logic changes in 10,000 yr
C-area

Extensive irrigation is Radionuclide transport Expected magnitude of No goal (human None NA MA 8.3.1 9.3,
conducted near C-area time through UZ, given changes in distribution activity) 8.3.1.3.7

fixed thickness of UZ coefficients, solubili-
ties and chemical reac-
tivity of the engineered
bhrrier system and UZ
units due to exteneive
irrigation near C-area
in next 10,000 yr

Large-scale surf ace Rdionuclide transport Expected magnitude of No goal (human None NA NA 8.3.1.9.3,
water impoundments time through UZ, given changes in distribution activity) 8.3.1.3.7
are constructed near fixed thickness of UZ coefficients, solubili-
the C-area ties and cheeical reac-

tivity of the engineered
barrier system asd UZ
unitn due to presence of
an artifical lake near
C-area in next 10,000 yr

Extensive surface or Radionuclide transport Expected magnitude of No goal (human None NA NA 8.3.1.9.3,
subsurface mining time through UZ, given changes in distribution activity) 8.3.1.3.7
occurs near C-area fixed thickness of UZ coefficients, soluhili-

ties and chemical reac-
tivity of the engineered
barrier system and UZ
unite due to mining
activities near the
C-area in next 10,000 yr

'L= low, = mediume, h high, and NA not applicabIe.
b = expected partial performance measure; see subsection on discussion of complementary cumulative distribution functions

and significant processes and events.
cC-area = the controlled area, i.e., the actual area chosen according to the 10 CFt 60.2 definition of controlled area.

10
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Table 8.3.5.13-15. Performance parameters for Scenario Class D-1 (appearance of surficial

points within the C-areaa; foreshortening of the saturated zone) (page
discharge
I of 2)

S8P section pro-
Performance Initiating lntermedicte Perfortance Tentative viding expected Current b Needed b SCP

measure event or process performance peasure parameter parameter goal parameter values confidence confidence section

8PFc Climate change causes
appearance of *ur-
ficial discharge
points within C-aren

Igneous intrusion
causes barrier to
flow or thermal
effects that alter
water-table level

Radionculide transport
time through U2,
given fixed SZ rock
hydrologic and gee-
chemical properties

Wdionuclide transport
time through saturated
zone (8), given fixed
SZ rock hydrologic
and geochemical
properties

Expected locations of *ur-
ficial discharge points
within C-area over next
10,000 yr

Annual probability of
sigmificant igneous
intrusion within 0.5 6m
of C-area boundary

Darrier-to-flow effecte
of igneous intrusions
on water-table levels

That no surficial
discharge points
could appear
within C-area
given a water
table rise
< * 1eo is

<10 fy^r

SBow water table
will not rise
to within 100 a
of repository
Worison in
10,000 yr

Show water table
will not rise
to within 100 a
of repomitory
horisom in
10,000 yr

Show water table
will not rise
to within 100 a
of repository
horizon in
10,000 yr

(10 'fyr

None

1.5.1

Ibne

L

L

L

1 8.3.1.5.2

N 8.3.1.8

L 8.3.1.8

Thermal effects of igneoue
intrusions on water-
table levels

None

1.3.2.2

None

L

L

L

Offset on fault juxta-
poses transmissive
and nontransmissive
units, resulting in
either the creation
of a perched aquifer
or a rise in the
water table

Episodic changes ni
strain in the rock
sas due to faulting
cause changes in
water-table level

Radionuclide transport
time through SZ, given
fixed SZ rock hydro-
logic and geochemical
properties

Iadionuclide transport
time through SZ, given
fixed 8Z rock hydro-
logic a geochemical
properties

Probability of total off-
sets >1.0 a in 10,O0
yr on faults within 0.5
ha of C-area boundary

Effects of fault offset
on water-tsble levels

Probability that strain-
induced changes increase
potentiosetric level to
greater than 850 m mean
sea level

L 8.3.1.8

8 8.3.1.8

H 8.3.1.8

L 8.3.1.81.3.2:3



Table 8.3.5.13-15. Performance parameters for Scenario Class D-1 (appearance of surficial discharge
points within the C-area a; foreshortening of the saturated zone) (page 2 of 2)

SCP section pro-
Performance Initiating Intermediate Performance Tentative xiding expected Current b Needed b SCP

measure event or process performance measure parameter parameter goal parameter values confidence confidence section

EPPM Volding, uplift, or Radionuclide transport Probability that reposi- <10 4 1.1.3.3 L L 8.3.1.8
(continued) subsidence lowers time through SZ, given tory will be lowered by

repository with rem- fixed 8Z rock bydro- 100 a through action of
pect to water table logic and geochemical folding, uplift, or sub-

properties uidence in I0,OO yr

aC-area = the controlled area, i.e., the actual area chosen according to the 10 CVRi 602 definition of controlled area.
bL = low, M= mediux, I = high, mnd NA a not applicable.
cEPPM - expected partial performance xeasure; eee subsection on discussion of complementary cumulative distribution functions

and significant processes and events.

00

Ca

W

Ca

( ( C
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Table 8,3.8.0A-6. Performance parameters for Scenario Class D-2 (increased head gradients or changed
rock hydrologic or geochemical properties in the saturated zone) (page I of 2)

Kl section pro-
Performncne Initiating Inter edlete Performance Tentative viding expected Current > Needed a saP

measure event or process perfors nce measure parameter ;p ramter gonl paramter values confidence aconfidence section

Climatic change cnuses
am increas in the
g-radient of the water
table within the
C-areac

.Radionuclide transport
time through saturated
eone (SZ), given fixed
distaneee to ce n*-
eible environment
boundary -

It dionuclide tr 'port
time tbrougb SZ, given
fixed distances to
accessible environ-
ment boundary

Igneous hntrunion I
cnuser barriers to
flow or thermal
effects that alter
wter-table (or
hydraulic gradients)

Expecetd manitude of.
chulge in wter-table
gradient due to climatic
chag over the next
10,000 yr

Annual probsbiiity of 'I

significant ign oue
intrusion within 0O kmW
C-a- bound ny

Parrier-to-flow effects
of igeu intrusions an
wter table level

Thermal effects of igneous
intrusions on hydraulic
gradients

Chang* wili be
<2 x W

J 7.3 L 11 8 3.1.5.2

<w10 /yr

.Sbow wter table
will not rivee
to within 100 e
of, rpoitory
boricon in
10.000 rr

Cradients chag
less than a

I factor of 4

00

W

01
;.1 ,
CA
WI
cn

1.6.1

None

llone

1.32.2

None

L

L

L

L

11 8.3.1.8

L 8.3.1.R

L 8.31.8

11 ' 0.3.1.8.3

V B.S.183

Offset on faults juxta-
poses trasmrissive
and nontransmissive
units, resulting in
either the creation
of a perched aquifer
or a rise in the
wter table (or a
chang in hydraulic
gradients)

Radionuclide tr nsport
ti e through SZ, given
fixed distances to
aceeesible envirou-
weot boundary

Probability of total offset <10t
) 2.0 * is 10,01t yr on
faults within 0.6 kn
of C-nre-,

Effects of fault offeets
on wter-table levels

Show water tnble
will nlot rive
ton within IQ0 a
of repository
horiron in
10,000 yr;

8how gradients
change lessn
than a factor of 4

Plo goal (humn
activity)

Effects of f-ult offsets
an hydraulic gradients

I xtensive irrigation
is conducted near
C-srea

Raedionuclide transport
time through SX, given
fixed distances to
aceensible environ ent
boundary

ISxpected ncitude of
changse to head gradi-
ents of Sl in C-aren, due
to extensive irrigation

ner C-eree over next
10,aoo yr

Expected manitude of
chueges it distribution
coefficientn of FZ due
to *xtensive irripation
near C-aren. over the
next 10,000 yr

s . v

I MA MIA _ 8.3.1.9.3

Ito goal (hmn-
activity) .

NA MA 8.3.1.9.3,
8.3.1.3.7



Table 8.3.5.13-16. Performance parameters for Scenario Class D-2 (increased head gradients or changed
rock hydrologic or geochemical properties in the saturated zone) (page 2 of 2)

Performance Initiating
measure event or process

Int~ermediat~e
performazate measure

Perf orusance
.parameter

Tentative
parameter goal

SCP section pro-
viding expected
parameter values

Current Needed
confidencea Confidence'

SCP
*ection

EPPU Large-scale surface-
(continued) water impoundments

are constructed near
the C-area

Radionuclide transport
time through SZ, given
fixed distances to
accessible environment
boundary

Extensive surface or
subsurface mining
occurs near C-area

Radionuclide transport
time through SZ, given
fixed distances to -
accessible environment
boundary

Expected magnitude of
changes in head gradi-
ents of SZ in C area due
to presence of an arti-
ficial lake near C-arean
over the next 10,OO yr

Expected magnitude of
changes in distribution

'coefficients of SZ units
due to presence of an
an artificial lake near
C-area in next 10,000 yr

Expected' agnitude of
changes in gradients of
water table under C-area
due to extensive surface
or subsurface iinihg tear
C-area in next 10,000 yr

Expected magnitude of
changes in distribution
coefficients of SZ units
due to extensive surface'
or subsurf ace mining near
C-area in next 10,000 yr

Expected magnitude of
changes in gradient of
water table under C-area'
due to groundwater with-
druaml near C-area in
next 10,O0 yr

No goala (buman
activity)

None

No goal (human
activity)

No goal (human
activity)

None

Non"

NA

NA

NA 8.3.1.9 3.
8.3.1.3.7

NA 8.3.1.9.3

NA NA 8.3.1.9.3
NA 83193

No. goal (buma
activity)

None NA NA 8.3.1.9.3,
8.3.1.3.7

Extensive ground-water
withdrawal occurs
near C-area

Radionuclide transport
time through SZ, given
fixed distances to
accessible environment
boundary

No goal (human
activity)

None NA NA 8.3.1.9.3

' = low, H = medium, H M high, and NA . not -applicable.
bEPW = expected partial performance measurs; see subsection on discussion of complementary cumulative distribution functions

and cignificant processes and events.
C-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definitiop of controlled area.
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Table 8.3.5.13-17. Supporting parameters needed to evaluate the nominal case and as baseline data for

the disturbed cases (page 1 of 6)

Issue 1.1
calculation using

supporting p rameters
Supporting parameter

Description Modifier

Specific-discharge field
in UZ (Klavetter and
Peters, 3035); moisture
contents of U2 units;
hydrodynamic response
times in overburden

Saturated peroeabil-
ity

Relative liquid per-
meability (wetting
nd draining)

Effective porosityt

Moisture retention
curve (wetting
and draining)

00

Cnl

Rock matrix

Fracture network

Rock matrix

Fracture network

Rock matrix

Fracture network

Rock matrix

Fracture network

'As a function of
lateral spatial
location

Ambieni, ms a
function of
lateral spatial
location

As a function of
lateral spatial
location

rFult-sone rock-

Fault-sone rock-
we"e

Lateral spa-
tial loca- Unit
tion wheoe where

needed neededc

R-aren. UZ-unit.
OGb

I-aren UZ-units
0vb

3-area UZ-unit.
0tb

I-area UZ-units
0tb

I-area UZ-units
Qvb

1-area Us-units
0vb'

I-area US-unit.
Dvb

I-area UZ-unit.
Ovb

C-ares UZ-unit.

1,

1,

I,

rI,

I I

I I

I ,

SCP section pro-
viding expected
parameter values

3.0.2.1.

3.e.2.1

None

3.9.2.1

None

3.0.2.1

None

8.3.5.12

3.9.1.2

1.3.2.2.2

Hone

None

Characterization Current.
goal confidence

ev'a

ave

eva

m'v

m'v

ml'

mev

O'v

*mv

Needed ScW
confidence' section

MA R l L 8.3.1.2.2

MA 8.3.1.2.2

MA NIL 8.3.1.2.2

NA L.L 8.3.1.2.2

NA 5.UbL 8.3.1.2.2

NA L.L,L NA

,1M L,L 3.9.2.1

NA L.l NA

11M 1N' ,11HM 8.3.1.4.2,
8.3.1.4.3,
8.3.1.2.2

.MA KIM 8.3.1.3.1

Altitudes of hydro-
geologic unit
contacts

Altitude of water
table

O01h

NA

Specific-discharge field
in fault cones in UZ;
moisture content in
fault Sones; bydro-
dynamic response times
of fault eones

Location, width, and
offset of fault
sones

Saturated permeability

Effective porosity

C-area US-units,
0,b

C-area UZ-units,
-vb

C-area UZ-units,
0tb

Ll

"A

MA

11 8.3 1.4.2,
8.3.1.8.5

NIL 8.3.1.2.2

L,L 8.3.1.2.2



Table 8.3.5.13-17. Supporting parameters needed to evaluate the nominal case and as baseline data for
the disturbed cases (page 2 of 6)

Lateral spa-
Issue 1.1 tieal locn- Unit Scr section pro-

calculation using _ Suo Vrtint parnmeter tion wheao wherec viding expected Cbaracterjration Current Needed SCP
supporting parameter Description Modifier needed needed parameter values gool confidence5 con idancee section

.~~~~~~~~~~~~~~~~~~~~~~~~9* _fdne .~i section

Coupling factors nd
radionuclide retarda-
tion factors in UZ
and SZ (Wilson and
Dudley, 1987)

CA)

Bulk density

Fracture frequency

Fracture frequency

Liquid constric-
tivity/tortuosity
factor

Distribution coef-
ficients (Kds)

Effective thickness
of saturated none

Sydraulic conduc-
tivity

Rock matrix

Fracture networks

Fault-sone rock-

Rock matrix

Fracture networks

Fault-sone rock-
mass

lock matris, for
the following
chemical species:
sr, Ca, Pu, Am,
C, U, Np, Tc.
Zr I. Co

As a function of
lateral spatial
location

Rock matrix

Fracture net-
works

Rock uatrix

Fracture net-
works

Fracture net-
works

C-area

C-area

C-area

C-area

C-area

C-area

C-area

All
units

All
units

All
unite

All
units

All
units

All
units

All
units

1.6.2.2 A
Chapter 2

3.9.2.1,
1.3.2.2.2

1.3.2.2.2

None

None

None

4.1.3.3,
8.3.1.3

mv

mave

M'v'a

Nmv

m'v

NmT

w'v's

M,L

LL,L

L,L.L

* L,L

L,L

M,L,L

* H.N

M,L,L

M,L,L

* M.L

* L,L

* LL

UMML

8 3. 1 121.
8.3.1.2.2

8.3.1.2 2

8.3.1.4.2

8.3.1.3

8.3.1.2.2,
8.3.1.3

8.3.1.2.2,
8.3.1.3

8.3.1.3.4

I';
Specific-discharge field

in SZ (ISOQUAD code,
Pinder, 1976); also
hydrodynamic dispersion
.in SZ; bydrodynamic
response times of SZ
ti mes of SZ

C-area SZ-units 3.6.4 L L 8.3.1.3.3

Effective porosity

Fracture compressi-
bility

C-area

C-area

C-area

C-area

C-aren

SZ-units

SZ-units

SZ-units

SZ-units

All
units

3.6.4,
3.9.2.2

3.9.2.2,
3.6.4

3.9.2.2,
3.6.4

3.6.4

3.9.2.1

m'v'a

N'v's

av

M

L

L,L,L

L,L,L

L

U,LL

N,L.L

i, a, L

U,M,L

L

8.3.1.3.3

8.3.1.3.3

8.3.1.3.3

8.3.1.3.3

8.3.1. 3. 3
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Table 8.3.5.13-17. Supporting parameters needed to evaluate the nominal case and as baseline data for

the disturbed cases (page 3 of 8)

Issue 1.1
calculation using a

supporting parameter

Lateral spa-
tial loca-
tion whece

needed
Supporting parameter

Unit
where

neededc

SC? section pro-
viding expected
parameter values.. .. ...

Characterization Current c Neededc
goal eonfidene confidence

SCP
sectionDescription Modifier

Model validation-
coupling factors in
UZ and SZ

Matrix-fracture inter-
face permeabilities

NA C-area All
units

4.1.3.o Not significantly
different from
matrix values

Not significantly
different from
matrix factors

L R 8.3.1.3.6

Matrix-fracture inter-
tac constrictivity
(MP-CT factors)

Relative pneusatic
permeability (wetting
and draining)

NA C-area All
units

None L a 8.3.1.3.6

Cm-phase carbon-14
transport in overburden
of UZ units

01

P-&

Effective pneumatic
porosity

Profile of partial
pressure of CO

I

Profiles of bicar-
bonate concentration.
calcium ion concen-
tration, pNl, in
liquid phase

Profile of temperature

lock matrix

Fracture net-
work

Rock matrix

Fracture net-
work

Ambient, rock

Ambient, rock

As a function
of ties,
including
effects of
heat from
repository

As a function
of time,
including
effects of
hent from
repository

Il-area Ovb

R-area Ohb

None

"one

R-area Ovb

3-area Dvb

I-area UZ-units,
hvb

U-area UZ-unitu.
Ovi

*,

,v

None

None

None

None

L,L MIIL 8.3.1.3.2

L,L M.L 8.3.1.3.2

Mva

No goal

No goal

L,L,L L,L,L 8.3.1.3.2

L,L,L I,LL 8.3.1.3.2

L 1 8.3.1.3.2

L 1 8.3.1.3.1,
8.3. 1.2.2

I

Lt-area UZ-unite, 1.6.2.2.4, Predict profiles
ODb Chapter 6 where tempera-

ture change
exceeds 10% of
ambient ( C)

N 8.3.1.4.2

Profile of near-
field saturation

3-arean UZ-units,
Orb

2.7.2 Prediction consis-
tent with tep-
erature profile
(above)

L N 8.3.1.2.2



Table 8.3.5.13-17. Supporting parameters needed to evaluate the nominal case and as baseline data for
the disturbed cases (page 4 of 6)

Issue t.1
calculation using

supporting parameterS

Lateral spa-
tial loca- Unit
tion where nhere

needed neededc
S-- u~pprtig pjrApe!L_ _

Description Modifier

SCP section pro-
viding expected
parameter values

Charactsrisat~ion
,goal

Current Needed
confidences confidenceC

SCP
section

Model calibration and
validation, gas phase
carbon-14 transport
in overburden of UZ

Profile of carbon-14
concentration

Major-ion water
chemistry (i.e.
composition, Rh,
pH)

Profiles of abundances
of secondary calcite,
carbon-14 in calcite

Profile of Darcy
velocity of air floe

Ambient, rock
mass pore
spaces

Ambient, rock
mass pore
fluids

B-area UZ-units,
Ovb

R-area UZ-units,
Ovb

None

None

TED

L

L

M 8.3.1.2.2,
8.3.1.3.8

M 8.3.1.3.1,
P.3.1.2.Z

Source term - liquid and
gas-phase releases
from waste packages

Geometry of waste
package

Ambient, rock
mass

Ambient, rock
mass pore
spaces

Diameter, length
and proposed
orientation
with respect
to vertical
direction

Expressed as kil-
ograss (or cur-
ies) per pack-
age for radio-
nuclides listed
in Table
8.3.5.13-7

As a function of
lateral spatial
location, and,
if more than
one level,
altitude above
mean sea level

I-area UZ-units,
Ovb

I-area UZ-units,
Oeb

None

None

TBD

TBD

L

L

NA NA 6.2.3 No goal (design
parameter)

NA NA 8.3.232.3,
8. 3.4 .2. 2,
8.3.4.2.3

L 8.3 1.3.2

H 8.3.1.2.2 IT'I.

Iadionuclide inventory
at closure in waste
package

NA NA 7.4.3.2.1,
7.4.3.1.1

L,L hh 8.3.42.22

Areal density of k h
kind of waste pack-
age in repository

NA NA None No goal (design
parameter)

NA NA 8.3.2.2.6,
8. 3.4 .2.2

C C (
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Table 8.3.5.13-17. Supporting parameters needed to evaluate the nominal case and as baseline data for

the disturbed cases (page 5 of 6)

Lateral sp-'
Issue 1.1 tial loca- Unit SCP section pro-

calculation using Supporting parameter _ tion whb.e where viding expected Characterhsation Current Needed SCP
supporting parametera Description YodiTier needed needcdc parameter values goal confidence confidence 5 section

- _ ~

Source term - liquid and
gas-phase releases from
waste packages
(continued)

Continment time of
k kind of waste
package i.e., time
after closure at
which liquids would
have free access to
waste form

.Post-containment mass
rfiesse rate from
k kind of waste
package

Mass relese rate of
carhon-14 in a g
phase from the k
kind of waste pack-
age

As a function of R-ares
position in -
repository, If
necessary

Rost rock None av L,L M.M 3.3.5.0.4

Waste form to
liquid phase;
expected con-
ditions; if
neceesal7, as a
function of:
time since
closure, pOsi-
tios in reposi-
tory, percols-
tios flou at
repository
level

Waste form to a
gas phase; pre-
and post-
containment
periods; if
necessary, as
a function of:
time since
closure, posi-
tion in the
repository

I-a-rea , Bost rock ,7.4.3.1.1,
7.4.3.2.1

I-area lost rock 7.4.3.1

5 ,v
Also show mean
-rlease rates

for C, Tc, and
I Ve less than
10 of I0-jr
inventory

R.,Also show that
fraction of
C-14 inventory
that could be
released in
gam phase is
less then I

L,L N.M 8.3.5.10.4

L,L h,M 8.3.5.10.4



Table 8.3.5.13-17. Supporting parameters needed to evaluate the nominal case and as baseline data for
the disturbed cases (page 6 of 6)

Issue 1.
calculation using I

supporting parameter

Lateral spa-
tial loca- Unit
tion uas.e wheruc
n*eded needed

Supportina yer!aMeter
Descrip~tionMdfe

Scr section pro-
viding expected Characterivation
paremeter values goal

Current Needed SCQ
confidence confidencue section

Source term - liquid and Degradation ratee of Ambient condi- k-area Boet rock 7.4.3.1.1, Wv LL M1M 8.3.6.10.3
gSa-phase releases .tte form in the tion (i.e., 7.4.3.2.1
from ast packages kid of waste oaturl water
(continued) paclkg chemistry

aesociated with
repository boot
rock)

Maximum concentration In general, for 3-aea Boet rock None Nx LL Ml i.3.6.10.3
of chemical species the radionu-
aJloci1epd with the clidee listed
i radionuclide in Tabie
(i.e., solubility 8.3.6.13-4
limite) ambient condi-

tions

OUZ = unsaturated or partially saturated aone; 8Z = saturated sons.

bNotation for indicating the various ariea or aonew around the repository 3-area = the vertical projection of prisary
repository area and extensions; C~-res = the controlled area, i.e., the actual area which in sehoen ccording to the 10 WI 60
definition of controlled area.

cilb = overburden; i.e., all hydrogeologic unite ahove repository floor; US-units a all hydrogeologic units below repooitory
floor but above water table; 5Z-unite - all hydrogeologic unite helow water table which are included in the off active thicksee of
the saturated acne.

dlotation for statistical descriptors: - sean valnue;v = variance; a - sotocorrelation length. In general, theee
descriptors are used for spatially-varying quantities hut a and v will also ba wed to indicate mean and variance of a ncalar
random variable; the supporting parameter being described should ake clear which usae is intended.

*6 = low, M = medium, h = high, and NA not applicable.
'Sffective porosity, sometimes called the kinematic porosity (eee pp. 24-2F of Ddlarsily, 16).

tI
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5. Summary of licensing and issue-resolution strategy for Issue 1.1

A nine-step program for providing the documented analyses and
calculations for resolving Issue 1.1 is outlined in the following in-text
list:

Step 1. Identify relevant
phenomena
leading-to
releases

Step 2. Identify poten-
tially signif-
icant events

-and processes

Step 3. Identify release
scenarios

Step 4. Identify scenario,
classes

Step S. Construct scenario
class models

Generic lists of phenomena potentially leading
to releases from a geologic repository (IAEA,
1983a) are used together with site-specific
information to single out those phenomena that
are relevant to the waste-disposal system
being considered.

Relevant-phenomena are examined in the light
of being possible initiators or promoters of
release scenarios. The implications of the
site-specific frequencies and magnitudes,
insofar as these are known for the integrity
of each of the system's barriers, are
explored.

Events, processes, and conditions identified in
step 2 are chained together to form scenarios.
The construction of chains is constrained by
physical causality and evidence concerning the
likelihood of occurrence of events and proces-
ses that form the chain (in other words,
screening against probability may occur in
this step). The result of this step is
usually a large number of potential release
scenarios.

All release scenarios identified in step 3 are
examined and, by judgment, assembled in
classes, each-class being amenable to formu-
lation as a single mathematical model. The
result of this step is usually a moderate
number of scenario classes that, after being
put in mathematical form in step 5, can be
screened against consequences in step 6.

Mathematical models of the scenario classes
identified in step 4 are constructed. The
independent-variables of each model are those
state variables needed to determine initial
conditions, boundary conditions, and any
time-dependent forcing functions that appear
in-the scenario class; the dependent variable
(the output) of each model is the partial
performance measure for the scenario class
associated with a particular choice of the
class's independent variables.

8.3.5.13-75
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Step 6. Eliminate incon-
sequential
scenarios

Step 7. Construct total
system

Step 8. Construct an
empirical
complementary
cumulative
distribution
function (CCDF)

Release scenarios or even whole scenario classes
'may be eliminated from set of'exceptioonal
scenarios by screening against relative or
absolute consequences. If necessary, the

'models that survive screening against conse-
quences may be simplified in this step by
elimination of insensitive independent
variables (sensitivity analyses).

Simplified mathematical models resulting from
step 6 are implemented by efficient computer
codes which can be combined in-a single
calculational model under the control of a
driver routine. The driver routine must
provide independent variables for each sub-
model, direct a simultaneous calculation of
the partial performance measure for each
submodel, and sum the resulting partial
performance measures to'obtain a value of the
total performance measure,M, for a system;
the driver routine must also select indepen-
dent variables for the submodels by Monte
Carlo sampling from the joint probability
distribution of state variables for all
submodels. The form of the joint probability
distribution of state variables, and the
ranges of those state variables, will inevita-
bly be determined by judgment. Wherever
possible, judgment will be enhanced and
supplemented with site specific actuarial data
concerning magnitudes and frequencies of the
phenomenon that determine the state variables.

The computer-implemented simulator assembled in
step 7 is used to generate sample values of
the total performance measure M. By repeated
sampling, a large number of sample s can be
generated and used to construct an empirical
CCDF or as a data set to which standard
statistical methods for estimating likelihoods
with given confidence bounds may be applied.

The logic and data bases supporting the analyses
for steps 1 to 4, the rationales for the
models developed in steps 5 to 7, and the
results of the CCDF calculations in step 8
are all documented and presented as evidence
that the proposed waste disposal system will
meet the proposed 10 CFR 60.112 and 60.115
requirements, thereby resolving Issue 1.1
(8.3.5.13). '

Step 9. Document results

' 2
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The logic of issue resolution is diagrammed in considerable detail in
Figures 8.3.5.13-3A through 8.3.5.13-3G. The list and logic diagrams comple-
ment one another and both are shown in enough detail to be self-explanatory.
Most of the elements, processes, and factors that appear in the list and
logic diagrams are defined and explained in the previous background sections
entitled 'Construction of a CCDF' and 'A preliminary selection of release-
scenario classes for Yucca Mountain.%r

Interrelationships of information needs

Sections 8.3.5.13.2 through 8.3.5.13.5 address the information and tasks
needed to complete the nine-step program. Section 8.3.5.13.2 (Informatior
Need 1.1.2) covers the required information and activities for step 5, the
construction of scenario-class models. Section 8.3.5.13.4 (Information Need
1.1.4) covers required information and activities for step 6, the screening
of scenario classes on the basis of consequences, and for the process of
constructing the simplified scenario-class models to be used in completing
steps 7 and 8. Finally, Section 8.3.5.13.5 (Information Need 1.1.5)
addresses construction of the total-system simulator (step 7) and the
empirical CCDF (step 8). The activities and schedules necessary for the
preparation of licensing material (step 9) are also addressed in Section
8.3.5.13.5. Section 8.3.5.13.1 (Information Need 1.1.1) is a summary of all
data and information called for in Information Needs 1.1.2 (8.3.5.13.2)
through 1.1.5 (8.3.5.13.5).

The schedule information provided for information needs in this section
includes the sequencing, interrelationships, and relative durations of the
activities in the information need. Specific durations and start/finish
dates for the activities are being developed as part of ongoing planning
efforts and will be provided in the SCP at the time of issuance and revised
as appropriate in subsequent semiannual progress reports.

8.3.5.13.1 Information Need 1.1.1: Site information needed to calculate
releases to the accessible environment

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Section 8.3.5.13 (1) discusses the complementary cumulative distribution
function (CCDF) and significant processes and events, (2) summarizes the
issue resolution strategy, and (3) discusses the performance allocation for
Issue 1.1. Applicable support documents include Ross (1986b) (scenario
selection), Klavetter and Peters (1986), and Wilson and Dudley (1987) (flow
and transport through porous, fractured rock).

Parameters,

All information and data requested in this information need are
specified in Tables 8.3.5.13-8 through 8.3.5.13-17 and discussed in the text
of the preliminary performance allocation. -
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Figure 8.3.S.13-3A. Logic diagram for Issue 1.1, Issue Resolution Strategy: Idealized scenario classification
and screening.
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Figure 8.3.S.13-3B. Logic diagram for Issue 1.1, Issue Resolution Strategy: Subtree 1--idealized preliminary
performance allocation.
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Figure S.3.5.13-3C. Idealized probabilistic calculations and evaluations, logic diagram for Issue 1.1, Issue
Resolution Strategy.
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Figure 8.3.E.13-3D. Logic diagram for Issue 1.1, Issue Resolution Strategy: Subtree 2-idealized scenario
classification.
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Figute 3.3.S.13-3E. Subtree 3--idealized sequence for constructing a mathematical model of a scenario class
logic diagram for Issue 1.1, Issue Resolution Strategy.
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Figure 9.3.5.13-3F. Subtree 4--Idealized scenario screening logic diagram for
Strategy. I

Issue 1.1, Issue Resolution
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Figure 8.3.5 13-3G. Subtree 5--Decision to include scenario in Complementary Cumulative Distribution
Function calculation logic diagram for Issue 1.1, Issue Resolution Strategy.
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Planned performance assessment activities

No performance assessment activities are planned.

8.3.5.13.1.1 Application of results

Site information needed to calculate releases to the accessible
environment will be used in Information Needs 1.1.2 through 1.1.5.

8.3.5.13.1.2 Schedule and milestones

No studies, tests, or analyses are identified for Information Need
1.1.1.

8.3.5.13.2 Information Need 1.1.2: A set of potentially significant release
scenario classes that address all events and processes that may
affect the geologic repository

Technical basis for addressing the information need

Link to'the technical data chapters and applicable support documents

Section 8.3.5.13 discusses the interpretation of significant processes
and events and disruptive scenarios for the Yucca Mountain repository site.
In the in-text list given in the discussion of the issue resolution strategy
for Issue 1.1, Step 3 describes the identification of potentially disruptive
scenarios and Step.4 describes the identification of scenario classes.
Applicable supporting documents include DOE (1986b,'a) and Ross (1986a)
(preliminary identification of release scenarios)'.

Parameters

The parameters for this information need are

1. Information and data on, and interpretations of, site-specific
phenomena from'the'NNWSI Project environmental assessment (EA) (DOE,
1986b)' and its supporting references and documents.

2. Data and interpretive information to be supplied through the ful-
fillment of other performance and characterization issues. See
Tables 8.3.5.13-9 through 8.3.5.13-17 for performance and supporting
parameters.

Logic,

All data and interpretive information arising from the resolution of the
NNWSI Project site characterization program ate potentially relevant.to the
identification of release-scenario classes at the Yucca Mountain repository
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site. But in advance of obtaining these data, and for the purpose of guiding
site characterization activities, one must proceed.with scenario identifica-
tion using the data and knowledge bases established during the preparation of
the NNWSI Project EA (DOE, 1986b). On the other hand, once site character-
ization work is well advanced, the interpretations and decisions originally
considered for the purpose of initially guiding site characterization activi-
ties must be reexamined in the light of new data and information. Accord-
ingly, there are two phases of work toward fulfilling this information need:
(1) a preliminary phase in which current data and interpretive information
are used to construct potentially significant release scenario classes and
(2) a final phase during which the preliminary scenario classes are modified,
supplemented, dropped from consideration, or reconsidered if they had been
previously dropped but warrant a second examination on the basis of new
evidence. The logic of phase 1 is described in the following paragraph.

In the preliminary phase, the phenomena identified in the environmental
assessment as being significant at the Yucca Mountain site are compared with
generic lists of world-wide natural processes, events, or conditions that
have been thought to influence the long-term performance of geologic waste
disposal systems (for examples of such lists see Table 2.3.1 in Campbell
et al. (1978); or IAEA (1983a)). Those natural processes or events in the
generic lists that are either manifestly irrelevant to the context of the
Yucca Mountain site.(e.g., sea-level rise and glaciation) or have had
demonstrably minor effects on site characteristics during.the Quaternary
(e.g., meteorites, hurricanes, and root penetration) are eliminated as poten-
tial ingredients of disruptive scenarios. In a similar fashion, features of
the site and the repository design and available estimates of the effects of
repository excavation and waste emplacement onsite characteristics are
compared with anthropogenic processes and events in the generic lists and
eliminated.as being either irrelevant (e.g., brine-bubble migration) or
insignificant.. This elimination process leaves. a.set~of natural and anthro-
pogenic processes and events that, in the absence of further information, may
be considered to play roles in changing the nominal performance of the total
system (e.g., climatic change, seismic events, volcanic activity,-erosion,
dissolution of the host rock, undetected geologic features such as.mineral
resources near the site, subsidence, and permanent thermal-changes in rock
hydrologic and geochemical properties).

The processes and events that are determined to play potential roles in
release scenarios are then subjectively arranged in series, and an attempt is
made to discover the effects of realization of each series on the performance
of one or more of the isolation barriers for the total system. This.part of
the analysis is necessarily subjective because the number of series formed in
this way could be astronomical if the intuition and knowledge of the analyst
is not applied to reduce the number of possibilities to a manageable size.
Two nonsubjective principles may, however, be. used at this point to guide the
formation of the series: (1) the principle of causality (i.e., certain
chains of events and processes are not possible because one or more event or
process upstream in the chain is logically antecedent to others downstream in
the chain) and (2) the fact that long series of events or processes are
unlikely to be realized in the 10,000-yr period being considered (e.g.,
events with even a modest probability--chances of 0.1 or less in a 10,000-yr
period--will.compose an unlikely series if there are more than four-of them
in-.a serial chain)...In addition, certain sihort series of events may be

8.3.5.13-86



ICONSULTATION DRAFT

eliminated on the basis of probability at this point if there is sufficient
evidence that-the initiating event or guiding process is improbable (in the
sense of not exceeding the 0.0001 cutoff probability threshold in l0,0O0 yr).
Using the kinds of reasoning and analyses indicated previously, Ross (1986a)
has discovered 84 series of events and processes that could cause or influ-
ence releases of radioactivity to the accessible'environment that have the
potential of adding to nominal-case releases.

As seen from Ross (1986a), the results of the kinds of analyses previ-
ously indicated is a large but finite number of sequences of events and
processes that must be further organized into scenario classes to efficiently
begin construction of the mathematical models of those classes. In turn, the
mathematical representations of the scenario classes are necessary to deter-
mine each class's consequences and also to enable screening of.each class
against'relative consequences.' A preliminary organization of Ross's 84
sequences in scenario classes is shown in Table 8.3.5.13-3.

8..3.5.13.2.1 Performance Assessment Activity 1.1.2.1:. Preliminary identifi-
cation of potentially significant release scenario classes

The objective of this performance assessment activity is to prelimi-
narily identify significant release scenario classes for the purpose of
determining data and informational needs that must be.supplied by the NNWSI
Project site characterization program. This activity includes two
subactivities.

8.3.6.13.2.1.1' Subactivity 1.1.2.1.1: Preliminary identification of poten-
tially significant sequences of events and.processes at the
Yucca Mountain repository site

Objectives-

The objective of this subactivity is to identify a set of causally
related, apparently probable sequences of events and processes, any-member of
which,-if realized, could cause or influence releases of radioactivity to the
accessible-environment at the Yucca Mountain site in excess of nominal-case
releases.

Parameters

See the general parameters li'sted';previously for' Information Need 1.1.2.

Description

See 'the general logic given previously for Information'Need 1.1.2.
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8.3.5.13.2.1.2 Subactivity 1.1.2.1.2: Preliminary identification of,
potentially significant release scenario classes'

Objectives

The objective of this subactivity is to preliminarily identify a set of
significant release scenario classes.for the purpose of determining data and
informational needs that must be supplied by the NNWSI Project site
characterization program.

Parameters

The parameters for this subactivity are the sequences of events and
processes identified in Subactivity 1.1.2.1.1 plus the information, data,.
interpretations, and calculational models related to site-specific phenomena
from the NNWSI Project EA (DOB, 1986b) and its supporting documents.

Description

This subactivity has been completed, and the results are summarized-in
the section on approach to resolving this issue.

8.3.5.13.2.2 Performance Assessment Activity.1.1 .2.2: Final selection of
significant release scenario classes to be used.in licensing
assessments

Objectives

The objective of this performance assessment activity is to use data and
information obtained in the NNWSI Project site characterization program to
modify, if necessary, the set of significant release scenario classes devel-
oped in Activity 1.1.2.1 and in the preliminary phases of work fulfilling
Information Needs 1.1.3 and 1.1.4 (Sections 8.3.5.13.3 and 8.3.5.13.4).

Parameters

All data and information that could arise during the site characteriza-
tion program are potential parameters. The tables in the introductory
material of this section give the requested data and information.

Description

Only examples of possible study topics can be given. Work in fulfill-
ment of Information Need 1.5.4 (Section 8.3.5.10.4) may show that release
rates of radionuclides from the engineered barrier system are orders of-.
magnitude less than the regulatory rate under unanticipated conditions in the
repository. In such a case, certain scenario classes in Table 8.3.5.13-3
would be screened again and possibly eliminated. Work in fulfillment of
Information Need 1.1.3 (Section 8.3.5.13.3) and Investigation 8.3.1.5.2 may
indirectly indicate that delay times for climatic infiltration pulses are
long compared with 10,000 yr. In such a case, certain scenarios in class C-1
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in Table 8.3.5.13-3 could be dropped from consideration. Similarly, two-
dimensional calculations of transient flow in faulted zones, when combined
with predictions of the effects of tectonic activity on hydrologic character-
istics (from Investigation 8.3.1.8.3), may indicate that certain scenarios in
class C-3 in Table 8.3.5.13-3 can be dropped. On the other hand, the
development of evidence that colloids play a significant role in radionuclide
transport (in fulfillment of Investigation 8.3.1.3.5) could force a
modification of the transport equations used to screen scenario classes in
Information Need 1.1.3 (Section 8.3.5.13.3), and a reassessment of all scen-
ario classes involving releases along the water pathways. Finally, the
development of evidence for future, inadvertent human activity on or near the
site may lead to the reconsideration or augmentation of the direct-release
scenario classes such as A-2 in Table 8.3.5.13-3.

8.3.5;13.2.3 Application of results

The preliminary phase of work addressing this information need will be
used to guide the construction of the mathematical models of scenario
classes during the partial fulfillment of Information Need 1.1.3 (Section
8.3.5.13.3). The tasks of showing that certain conditions mentioned in
10 CFR 60.122 and 10 CFR 960.4 (i.e., erosion and rock dissolution) are
neither favorable or unfavorable at the Yucca-Mountain site are also regarded
as part of the preliminary phase of work in conjunction with the preliminary
phase of work addressing Information Need 1.1.3.

The final phase of work addressing this information need will be used in
conjunction with the final phase of Information Need 1.1.3-to modify the set
of scenario-class models (if necessary) that must be'simplified and made
numerically efficient in work toward fulfillment of Information-Need 1.1.4
(Section 8.3.5.13.4).

8.3.5.13.2.4 Schedule and milestones

The schedule and milestone information for this information need is
given in Section 8.3.5.13.5;3, at the end of Information Need 1.1.5 (proba-
bilistic estimates of the radionuclide releases to the-accessible environment
considering all significant release scenarios).

8.3.5.13.3 Information Need 1.1.-3: Calculational models for predicting
releases to the accessible environment attending realizations of
-the potentially significant release-scenario classes

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The introductory discussion of Section 8.3.5.13 develops disruptive
scenarios for the Yucca Mountain repository site and addresses the topics of
gas-phase releases and calculation of releases through the water pathways.
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In the in-text list under the issue resolution strategy for Issue 1.1, Step
5, discusses the construction of scenario-class models. The supporting
documents are DOE (1986b), Sinnock et al. (1986) (calculational models used
in Section 6.4.2 of the NNWSI Project EA), and Wilson and Dudley (1987).

Parameters

The parameters of this information need are

1. The release-scenario classes' identified in the preliminary phase of
work fulfilling Information Need 1.1.2 (Section 8.3.5.13.2).

2. The same rock hydrologic properties that are needed to resolve the
ground-water travel time issue (Information Need 1.6.1, Section
8.3.5.12.1), but extended to include rock hydrologic properties for
overburden units. See Tables 8.3.5.13-9 and 8.3.5.13-17 and
parameters for Information Need 1.6.1 and Investigations 8.3.1.2.2
and 8.3.1.2.3.

3. Data and interpretive information concerning rock and ground-water
geochemical, properties, with emphasis on the-properties of rock
units and ground water below the repository horizon; also, the
effective retardation of carbon dioxide by isotopic exchange with
ground water in the overburden units of the unsaturated zone. See
Tables 8.3.5.13-9 and 8.3.5.13-17 and parameters from Investigations
8.3.1.3.4, 8.3.1.3.5, 8.3.1.3.7, and 8.3.1.3.8.

4. Definition of the boundary of the engineered barrier system, and
release rates of radionuclides from the engineered barrier system
for nominal and disturbed conditions in the repository. See Tables
8.3.5.13-9.and 8.3.5.13-17 and parameters from Information Need
1.5.4 (Section 8.3.5.10).

5. Preliminary estimates of the kind and nature of human-intrusion and
magmatic-intrusion events. See Tables 8.3.5.13-10 and 8.3.5.13-11
and parameters from Investigations 8.3.1.8.3 through 8.3.1.8.5 and
8.3.1.9.3.

6. Calculational models of transient flow in the unsaturated and
saturated zones capable of predicting time-dependent specific
discharge in at least two dimensions. See the introductory material
to this section and parameters from Information Need 1.6.2 (Section
8.3.5.12.2).

7. Calculational models of transport of dissolved species in the unsat-
urated and saturated zones capable of predicting time-dependent
mass-flux fields in at least two dimensions. See the introductory
material to this section and parameters from Investigation
8.3.1.3.7.

8. Final conceptual models of the unsaturated and saturated zone
hydrologic systems. See the introductory material to this section
and parameters from Investigations 8.3.1.2.2 and 8.3.1.2.7.
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9. Final conceptual models of the unsaturated and saturated zone
geochemical systems, including geochemical effects on gas-phase
transport. See the introductory material to this section and
parameters from Investigations 8.3.1.3.7 and 8.3.1.3.8.

Logic

The release-scenario classes identified in the preliminary phase of work
fulfilling Information Need 1.1.2 (item 1 in parameter list) are listed in
Table 8.3.5.13-3. Mathematical models of these release-scenario classes are
the product of this information need. The models are needed (1) to screen
the scenario classes against consequences, and _(2) provided that the scenario
class survives screening against consequences, to serve as a basis for con-
structing the simplified mathematical models required for the construction of
the complementary cumulative distribution function (CCDF) in fulfillment of
Information Need 1.1.5 (Section 8.3.5.13.5). The screening of scenario-class
models against relative consequences, and the construction of simplified
scenario-class models based on the preliminary models developed in this
information need, are studies to be conducted in Information Need 1.1.4
(Section 8.3.5.13.4). There are two phases of work toward the construction
of scenario-class models: (1) a preliminary phase in which current data and
interpretive information are used to build and test the models, and (2) a
final phase in which data and interpretive information arising out of the
site characterization program are used to justify modifications or replace-
ments of existing models, or the construction of entirely new models. The
logic of phase 1 is emphasized in the discussion that follows.

As shown by the grouping of release-scenario classes in Table
8.3.5.13-3, at least four distinct kinds of models are needed to calculate
releases to the accessible environment: (1) those that predict radionuclide
releases along water pathways, (2) those that predict gas-phase radionuclide
releases, (3) those that predict releases associated with intrusive or.
extrusive magmatic events, and (4) those that predict direct releases
associated with inadvertent human intrusion (here,-inadvertent exploratory
drilling on the site).

Water-pathway models. The Total System Performance Assessment Code
(TOSPAC),,which is under development (Klavetter and Peters, 1986), is
currently the major 'workbench' for the development of the phenomenology of
water-pathway models that'apply to Yucca Mountain conditions. As implied by
its name, the TOSPAC is capable of simulating the static and dynamic response
of a one-dimensional conceptual model of the total waste-disposal system at
Yucca Mountain. This is done by the coupling of three submodels (or
modules): (1) a flow module, that can predict time-dependent, specific-.
discharge fields in'the unsaturated zone given surficial infiltration rates;
(2) a source term module, that'supplies mass'flux or concentrations of
liquid-phase radionuclides in the host rock near the repository given
radionuclide release rates from the engineered barrier system (EBS); and
(3) a transport module that solves the transport equations for coupled
matrix-fracture flow (see Equations 8.3.5.13-10 to 8.3.5.13-15 in the
introductory material to this section) in the unsaturated zone and computes
cumulative releases'to the water table, given the flow field from the flow
module and the-boundary concentrations from the source-term module. The
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TOSPAC currently has no modules for flow or transport through the saturated
zone; these phenomena are being investigated with the ISOQUAD code (Pinder,
1976).

In spite of its limitation to one dimension, the TOSPAC can still be
used to screen some of the water-pathway release scenarios in Table
8.3.5.13-3 against consequences. The code has already been used to show
(1) that transient flooding from surficial sources may have little effect on
repository performance and (2) that increases in fracture density will have
no effect on repository performance in the absence of extreme climatic
changes. Items I through 4 in the parameter list will be needed to provide a
rock-property data set for these TOSPAC calculations. The screening of some
other water-pathway release scenario classes in Table 8.3.5.13-3, namely in
C-1, D-1, and D-2, will definitely require two-dimensional models of flow and
transport of the kind mentioned in items 6 and 7 of the parameter list,
These two-dimensional models will also be used to validate the phenomenology
incorporated in TOSPAC's flow and transport modules (i.e., the neglect of
horizontal flow paths and transport along those paths).

It is very likely that the TOSPAC and the phenomenology that it contains
will require substantial modification after the 'ground truth" of- the site
characterization program is established. Items 8 and 9 in the parameter list
will be required to assess the changes that must be made in the systems-level
models.

Models of gas-Phase releases. The significance of gas-phase release of
carbon-14 has only recently become apparent, and no models for transport of
carbon-14 dioxide from the repository through Yucca Mountain overburden units
have so far been developed within the NNWSI Project.- It is believed that an
adequate general theory of carbon-14 transport is presented in the intro-
ductory material to this section; however, application of that theory to the
Yucca Mountain setting would seem to require considerable study of hydro-
logic, gas-phase hydraulic, and geochemical properties of the overburden
units. For that reason, thought should be given to balancing complexity and
cost factors associated with site-characterization studies with complexity
and cost factors associated with engineered barrier system performance and
design because these factors relate to models of gas-phase, carbon-14
releases. The parameters required by systems-level models:for gas-phase
transport would include both the effective diffusivity of carbon dioxide and
the effective retardation factor for carbon-14 dioxide because of isotopic
exchange, each as a function of depth within the overburden units. The
latter quantity is requested in item 3 of the parameter list. The effective
diffusivity of carbon dioxide might be inferred from final results of experi-
ments being conducted in partial fulfillment of Investigation 8.3.1.2.2. As
an alternative to a full transport calculation, a simpler systems-level model
of gas-phase releases might be devised; use of this model would require
estimates of the mean and standard deviation of residence time of carbon-14
nuclei in the repository overburden. Bither modeling technique requires
specification of the release rate of carbon-14 dioxide from the EBS, a
quantity that is called for in item 4 of-the parameter list. It should be
noted, however, that release of C-14 is limited at the waste c-ontainer and at
the engineered barrier system boundary to satisfy the requirements in 10 CFR
60.113. Depending on the containment strategies, including alternatives
adapted for the waste package, the C-14 source term for the total system may
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be significantly changed. For example, if all of the fast fraction of C-14
was released before waste emplacement, no consideration of C-14 transport
will be necessary for the total system performance assessment in Issue 1.1.

Models of releases through basaltic volcanism. It is believed that the
mathematical model for predicting the consequences of basaltic volcanism
developed by Link et al. (1982) can be modified and used to estimate cumula-
tive releases to the accessible environment attending the realization of such
events at Yucca Mountain. The work by Link et al. (1982) was specifically
applied to the Yucca Mountain, but the conceptual and data bases may be
outdated, and a request is made for the most current concepts and data in,
item 5 of the parameter list.

Models of releases through human intrusion. A calculation of an upper
bound to the consequences of inadvertent exploratory drilling on the Yucca
Mountain site during the next 10,000 yr is described in the introductory
material to this section, along with a brief discussion of other types of
human-intrusion scenarios that might. be realized at that location. The model
implicit in the'calculation is easily put into mathematical terms. The state
variables for the model include (1) the mean recurrence time between penetra-
tions (current guidance in Appendix B of 4? CFR Part 191 sets a limit on the
penetration rate of 0.0003 penetrations/km per yr), (2) the depth of pene-
tration (and the attending probability distribution), and (3) the diameter of
the exploratory drill bit (and its probability distribution). Data required
to implement the model, and models of other potential human-intrusion
scenario classes, are requested through item 5 in the parameter list.

8.3.5.13.3.1 Performance Assessment Activity 1.1.3.1: Development of
mathematical models of the scenario classes'

The objective of this performance assessment activity is to construct
mathematical models of the scenario classes developed in Information Need
1.1.3-(Section 8.3.5.13.3)-. Four subactivities are included in this
activity. These subactivities describe the models to be developed for this
activity.

8.3.5.13.3.1.1 Subactivity 1.1.3.1.1: Development of models for releases
along the water pathways

Objectives

The objective of this subactivity is to produce mathematical models
whose phenomenology is sufficient (1) to effect a screening of the release
scenarios associated with the water pathways with respect to consequences and
(2) to form an adequate basis for the' simplified models needed to fulfill
Information Need 1.1.5 (Section 8.3.5.13.5).

8.3.5.13-93



CONSULTATION DRAFT

Parameters

The parameters for this subactivity are items 1 to 4 in the general
parameter list for Information Need 1.1.3 and preliminary versions of
conceptual models referred to in items 8 and 9 of the same general parameter
list.

Description

Several systems-level models of releases along the water pathways have
already been constructed: the TOSPAC (see Klavetter and Peters, 1986),
RELEASE (Sinnock et al., 1986), and SPARTAN (Lin, 1985). The two- and three-
dimensional models of flow and transport that could be used to screen scen-
ario classes on the basis of long delays for certain effects are listed in
Section 8.3.5.19. The TOSPAC will probably be sufficient to screen scenario
classes E and C-2 through 0-3 (Table 8.3.5.13-3) if calculations with the
multi-dimensional models show that lateral flow paths can be ignored. The
screening of scenario class C-1 will require at least a two-dimensional model
of transient flow through a faulted zone. Scenario classes D-1 and D-2 can
probably be screened with the simple RELEASE code (or modifications of it) if
saturated-zone flow fields are provided by the two-dimensional ISOqUAD model.
It should be emphasized that effective use of any of these models in the
screening of water-pathway scenario classes will definitely require better,
site-specific conceptual and data bases. Thus, items 2 and 3 are in the
general parameter list.

8.3.5.13.3.1.2 Subactivity 1.1.3.1.2: Development of a model for gas-phase
releases

Objectives

The objective of this subactivity is to produce a mathematical model
whose phenomenology.is sufficient (1) to effect a screening of the release
scenario associated with the anticipated gas-phase releases and (2) to form a
basis for the simplified model needed to fulfill Information Need 1.1.5.

Parameters

The parameters for this subactivity are items 3 and 4 in the general
parameter list for Information Need 1.1.3.

Description

A systems-level model similar to the one described for water-pathway
releases in the introductory material to this section may be sufficient to
determine the expected partial performance measure (EPPM) for anticipated
gas-phase releases, and at the same time be simple enough to use as a
scenario-class model in the construction of the complementary cumulative
distribution function (CCDF) (Information Need 1.1.5, Section 8.3.5.13.5).
This subactivity will thus involve the calibration of one of the parameters
of a system-level model (the reciprocal of the mean residence time) with
estimates of the actual time for carbon-14 dioxide to diffuse from the
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repository level to the surface (from item 4). Other parameters required by
the model-are supplied through item 3.

8.3.5.13.3.1.3 Subactivity 1.1.3.1.3: Development of a model of releases
through basaltic volcanism

Objectives

The objective of this subactivity is to produce a mathematical model
whose phenomenolo0 y is sufficient'(i) to-effect agscree ningof'the'release
scenarios associated with basaltic volcanism and'(2) to form an adequate
basis for the simplified models neededto fu"lfill tnforma'tion Need 1.1.5
(Section 8.3.5.13.5).

Parameters

The parameters for this subactivity are the model of basaltic volcanism
proposed by Link et al. (1982) and the updated estimates of the kind and
nature of magmatic-intrusion events at Yucca Mountain litem 5 in general
parameter list).

Description

The model proposed by Link et al. (1982) will? if necessary, be modified
to reflect most recent estimates of the kind'and nature of basaltic volcanism
to be expected at Yucca Mountain.

8.3.5.13.3.1.4 Subactivity 1.1.3.1.4: Developmentt of a model of releases
through human intrusion

Objectives

The objective of this subactivity is to produce mathematical models
whose phenomenology is sufficient'(l) to effect a screening of the'release
scenarios associated with inadvertent human'intrusion and (2)'to form an
adequate bases'for the simplified models needed to fulfill Information Need
1.1.5 (Section 8.3.5.13.5). ' s o f n 'ee

Parameters

The parameters of this subactivity are the model of releases through
inadvertent exploratory drilling presented in Section 8.3.5.13 and the
preliminary and final assessments of the nature of future human intrusion
events at the yucca Mountain repository site (ite -5 in general parameter
list) ., --

Description

The model of releases through exploratory drillipg presented in the
introductory material to this section will be put' into mathematical terms.
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Depending upon the outcome of the preliminary assessments of potential
human-intrusion events, new conceptual models may have to be developed and
put into mathematical terms.

8.3.5.13.3.2 Application of results

The mathematical models developed in Activity 1.1.3.1 and their support-
ing data bases will be used in a study associated with Information Need 1.1.4
(Section 8.3.5.13.4) to screen-the release-scenario classes in Table
8.3.5.13-3 against relative consequences. They -must also form the basis for
activities directed toward model simplification in Information Need 1.1.4,
provided that the scenario class is to be included in calculations of the
complementary cumulative distribution function (CCDF).

8.3.5.13.3.3 Schedule and milestones

The schedule and milestone information for this information need is
given in Section 8.3.5.13.5.3, at the end of Information Need 1.1.5 (proba-
bilistic estimates of the radionuclide releases. to the accessible environment
considering all significant release scenarios).

8.3.5.13.4 Information Need 1.1.4: Determination of the radionuclide-.
releases to the accessible environment associated with
realizations of potentially significant release scenario classes

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The introductory material to this section addresses the interpretation
of 'significant processes and events." In the in-text list given in the
issue resolution strategy subsection of this section, Step 6 discusses the
screening of scenario classes on the basis of relative consequences. The
supporting documents are DOE (1986b), Sinnock et al. (1986), and Barr and
Miller (1987).

Parameters

The parameters of this information need are the mathematical models of
the release scenario classes that were developed in Activity 1.1.3.1 (Section
8.3.5.13.3.1) under Information Need 1.1.3 and their supporting data bases.

Logic

The goals of the work fulfilling this information need are twofold: (1)
a screening of the release scenario classes in Table 8.3.5.13-3 (and other
classes that may be proposed during the site characterization program) K..>
against the criterion of relative consequences, and (2) a set of simplified
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mathematical models of those release scenario classes that survive the
screening process. In simple terms, the release-scenario classes that sur-
vive the screening process will be those release-scenario classes that will
provide the major contribution to the empirical complementary cumulative
distribution function (CCDF) to be constructed during activities fulfilling
Information Need 1.1.5 (Section 8.3.5.13.5). As is explained in the logic
section of Information Need 1.1.3 (Section 8.3.5.13.3), there are necessarily
two phases of work fulfilling the need: a preliminary and a final. There are
also at least four distinct kinds of models that need to be considered in the
preliminary phase of work.

To meet goal 1 in the preliminary phase, computer-implemented versions
of the models developed in-fulfillment of Information Need 1.1.3 (Section
8.3.5.13.3) will be used to simulate the general consequences of realizations
of members of the scenario classes in Table 8.3.5.13-3, and the results of
these simulations will be compared. The comparisons will show which (if any)
of the scenario-class members may temporarily be dropped from consideration.
The work toward meeting goal 2 in the preliminary phase will then focus upon
the models of the scenario classes that survive these comparative studies.
Work toward meeting goal 1 in the final phase will proceed in a similar
fashion, except that the modified or entirely new models produced in the
final phase of work fulfilling Information Need 1.1.3 (if any) and final data
bases developed in site characterization work will be used in making the
comparisons.

The procedures that may be used to turn a complex mathematical model
into a simple one representing the same phenomenology (i.e., one that meets
goal 2) are best described in a model-specific context. All such procedures
could probably be lumped under the title of 'sensitivity studies'; but the
reader should recognize that there are at least two kinds of model sensitiv-
ity: (1) sensitivity of model output to the kinds and manner of representa-
tion of physical phenomena incorporated in the model and (2) the sensitivity
of model output to variations in the model's input variables. Model simpli-
fication is primarily concerned with the first kind of sensitivity. A mathe-
matical model may initially include kinds and representations of physical
phenomenon that later prove inessential. These phenomena can be deleted from
the model, thereby effecting a simplification and increasing computational
efficiency. In the studies fulfilling this information need, sensitivity of
the second kind will generally not be investigated; uncertainties in the
model input variables will be taken into account by including them in the
construction of the joint probability distribution of the model's state
variables (i.e., input parameters) an activity conducted in fulfillment of
Information Need 1.1.5 (Section 8.3.5.13.5).

8.3.5.13.4.1 Performance Assessment Activity 1.1.4.1: The screening of
potentially significant scenario classes against the criterion
of relative consequences-

The objective of this performance assessment activity is to identify the
set of scenario classes representing the significant events and processes
mentioned in proposed 10 CFR 60.112 and 60.115. Two subactivities are
included in this activity.

8.3.5.13-97



CONSULTATION DRAFT

8.3.5.13.4.1.1 Subactivity 1.1.4.1.1: The screening of the preliminary
scenario classes

Objectives

The objective of this subactivity is to identify those scenario classes
among the members of the preliminary set (Table 8.3.5.13-3) whose conse-
quences of realization are not significantly different from nominal-case
consequences, and therefore may be temporarily dropped from consideration.

Parameters

See the general parameter list for Information Need 1.1.4.

Description

See the general logic and descriptions of Subactivities 1.1.3.1.1
through 1.1.3.1.4 listed in Section 8.3.5.13.3.1.

8.3.5.13.4.1.2 Subactivity 1.1.4.1.2: A final screening of scenario classes

Objectives

The objective of this subactivity is to identify the final scenario
classes to be used in constructing the empirical complementary cumulative
distribution function (CCDF) during fulfillment of Information Need 1.1.5
(Section 8.3.5.13.5).

Parameters

The parameters for this subactivity are a modified and an amended set of
mathematical models produced in the final phase of Subactivities 1.1.3.1.1 to
1.1.3.1.4, plus amended data bases from site characterization work.

Description

See the remarks on the final phase in the general logic section for this
information need.

8.3.5.13.4.2 Performance Assessment Activity 1.1.4.2: The provision of
simplified, computationally efficient models of the final
scenario classes representing the significant processes and
events mentioned in proposed 10 CFR 60.112 and 60.115

The objective of this performance assessment activity is to provide the
simplified, computationally efficient models of the final scenario classes
representing the significant processes and events mentioned in proposed 10
CFR 60.112 and 80.115. Two subactivities are included in this activity.
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8.3.5.13.4.2.1 Subactivity 1.1.4.2.1: Preliminary development of simpli-
fied, computationally efficient scenario-class models

Objectives

The objective of this subactivity is to construct, as necessary, simple
computationally efficient versions of the scenario-class models developed
during the Subactivities 1.1.3.1.1 to 1.1.3.1.4 listed in Section
8.3.5.13.3.1.

Parameters

The parameters for this subactivity are the mathematical models devel-
oped in Activity 1.1.3.1 of Information Need 1.1.3.

Description

The activities to be conducted depend upon which of the scenario classes
survive screening in Subactivity 1.1.4.1.1. If classes E, C-2, or C-3 in
Table 8.3.5.13-3 survive, the phenomenology of the existing TOSPAC (in
development, but see Klavetter and Peters, 1Q86) may be amenable to simplifi-
cations that preserve the code's ability to represent the essential events
and processes of any one of these classes that survive. Simplified,
exploratory versions of the TOSPAC have already been tried. See, for
instance, the RELEASE model in Sinnock et al. (1986) or the systems-level
model proposed in Section 8.3.5.13. These exploratory versions of TOSPAC may
also be used to represent classes C-2 or C-3 in Table 8.3.5.13-3 if these
classes survive a preliminary screening. The models currently proposed for
the screening of the expected-case, gas-phase releases (part of scenario
class E) and the direct releases (scenario classes A-1 and A-2), are being
developed.

8.3.5.13.4.2.2 Subactivity 1.1.4.2.2: Development of the final, computa-
tionally efficient models of the scenario classes that will
be used to represent all significant processes and events in
the simulation of the total system

Objectives

The objective of this subactivity is to develop the final, computation-
ally efficient models of the scenario classes that will be used to represent
the simulation of the total system.

Parameters

The parameters for this subactivity are the scenario classes that
survive-the final screening of Subactivity 1.1.4.1.1 and the techniques and
insight established-in Subactivity 1.1.4.2.1.
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Description

See the remarks on final phase of work in general logic section of this
information need.

8.3.5.13.4.3 Application of results

The set of final, computationally efficient models developed in Activity
1.1.4.2 and their supporting data bases will be used in the construction of
the total-system simulator, and calculations of an empirical complementary
cumulative distribution function (CCDF) with that simulator, as described in
activities of Information Need 1.1.5 (Section 8.3.5.13.5).

8.3.5.13.4.4 Schedule and milestones

The schedule and milestone information for this information need is
given in Section 8.3.5.13.5-.3, at the end of Information Need 1.1.5 (proba-_
bilistic estimates of the radionuclide releases to the accessible environment
considering all significant release scenarios).

8.3.5.13.5 Information Need 1.1.5: Probabilistic estimates of the radionu-
clide releases to the accessible environment considering all
significant release scenarios

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

Section 8.3.5.13 discusses the regulatory basis for the issue and the
construction of-the complementary cumulative distribution functions (CCDFs).
In the in-text list given in the issue resolution strategy subsection of this
section, Step 7 discusses the construction of a total system simulator and
Step 8 discusses the construction of an empirical CCDF.

Parameters

The parameters for this information need are

1. Simplified versions of the mathematical models of the significant
scenario classes (from Information Need 1.1.4, Section 8.3.5.13.4).

2. Statistical data and interpretive information sufficient to con-
struct the joint probability distribution for the set of state
variables that describes all necessary state variables in the
simplified mathematical models of the significant scenario classes.
See the introductory material to this section and parameters from
Tables 8.3.5.13-9 through 8.3.5.13-17.
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Logic

The simplified mathematical models provided through fulfillment of
Information Need 1.1.4 (Section 8.3.5.13.4) will be implemented by efficient
computer codes that are then combined in a single calculational model under
the control of a driver routine. The driver routine will (1) provide values
for state variables for all submodels through Monte Carlo sampling from the
joint distribution of the state variables, (2) direct a calculation of the
partial performance measure for each submodel, and (3) sum the resulting
partial performance measures for each submodel to obtain a sample value of
the total system performance measure. By repeatedly sampling in this way, a
large number of sample s can be generated'and used to construct an empirical
complementary cumulative distribution function or as a data set to which
standard statistical methods for estimating likelihoods with given confidence
bounds may be applied.

The joint distribution of state variables will be constructed using
judgment guided by the site-specific statistical data and interpretive
information mentioned in the foregoing parameter list.

8.3.5.13.5.1 Performance Assessment Activity 1.1.5.1: Calculation of an
empirical complementary cumulative distribution function

Objectives

The objective of this performance assessment activity is to construct an
efficient, total-system simulator that is capable of providing probabilistic
estimates of radionuclide releases to the accessible environment, under both
nominal and disturbed conditions, for 10,000 yr after closure. Three sub-
activities are included in this activity.

8.3.5.13.5.1.1 Subactivity 1.1.5.1.1: Construction of the total-system
simulator

Objectives

The objective of this subactivity is to construct an efficient, total-
system simulator.

Parameters

The parameters for this subactivity are efficient, computer-implemented
mathematical models of significant scenario classes (see Information Need
1.1.4, Section 8.3.5.13.4) and a synthetic joint probability distribution for
the state variables in all submodels sufficient for testing the operation of
the total-system simulator.
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Description

A driver routine will be constructed and tested, using submodels and
synthetic joint probability distribution. Available variance-reduction
techniques will be applied, and the technique most efficient for total-system
simulation will be determined.

8.3.5.13.5.1.2 Subactivity 1.1.5.1.2: Construction of the joint probability
distribution to be used in the licensing-assessment
calculations

Objectives

The objective of this subactivity is to construct a joint probability
distribution that incorporates data and interpretive information from the
site characterization program.

Parameters

The parameters for this subactivity are given in the parameters list for
this information need.

Description

The state variables will be grouped into statistically independent
subsets. For each subset of state variables, a multivariate analytical dis-
tribution will be chosen, and its parameters fitted by techniques such as
maximum-likelihood, using available, site-specific data for the mean annual
probabilities and the intensities of the processes and events that determine
the state variables.

8.3.5.13.5.1.3 Subactivity 1.1.5.1.3: Construction of an empirical
complementary cumulative distribution function for the
licensing action

Objectives

The objective of this subactivity is to construct an empirical
complementary cumulative distribution function for the licensing application.

Parameters

The parameters for this subactivity are the total-system simulator from
Subactivity 1.1.5.1.1 and the joint distribution function from Subactivity
1.1.5.1.2 (Sections 8.3.5.13.5.1.1 and 8.3.5.13.5.1.2).
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Description

By repeated simulation, sample statistics on total system performance
measure, , will be obtained with a sample size large enough to ensure that
proposed 10 CFR 60.112 and 60.115 are (or are not) met with high confidence.

8.3..5.13.5.2 Application of results

The results of fulfilling this information need will be used by the DOE
in a licensing application as evidence of compliance with proposed 10 CFR
60.112 and 60.115. Fulfillment of this information need resolves Performance
Issue 1.1. There are no other issues or information needs that require the
fulfillment of this information need.

8.3.5.13.5.3 Schedule and milestones

This issue consists of five information needs that will acquire data to
evaluate if the mined geologic disposal system will meet the system perform-
ance objective for limiting radionuclide releases to the accessible environ-
ment. The information needs are 1.1.1 (site information needed to calculate
releases to the accessible environment), 1.1.2 (potentially significant
release scenario classes that address all events and processes that may
affect the geologic repository), 1.1.3 (calculational models for predicting
releases to the accessible environment attending realizations of the poten-
tially significant release scenario classes), 1.1.4 (determination of radio-
nuclide releases to the accessible environment associated with realizations
of potentially significant scenario classes against the criterion of relative
consequences), and 1.1.5 (probabilistic estimates of the radionuclide
releases to the accessible environment considering all significant release
scenarios).

In the figure that follows, the schedule information for this issue-is
presented in the form of timelines. The timelines extend to the issuance of
the final products associated with the information needs. Summary schedule
and milestone information for this issue can be found in Section 8.5.2.2.

The analysis and modeling work for.this entire issue will proceed in
parallel with site activities and will interact with them in an iterative
fashion. The conceptual models developed for site investigations are needed
to finalize the performance assessment of the total system for the license
application.

Completion of the activities in these information needs are constrained
by other program elements.- Development of conceptual models as part of the
site program investigations discussed in Section 8.3.1 and the iterative
interaction required with the site. programs will constrain the resolution of
this issue.
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The information need numbers and titles corresponding to the timelines
are shown on the left in the following figure. No studies, tests, or anal-
yses are identified for Information Need 1.1.1; so it is not included in the
figure. The points shown on the timelines represent major events or impor-
tant milestones associated with the information need. Solid lines represent
activity durations, and dashed lines show interfaces.
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The points on the timeline are described in the following table:

Point
number

1

2

Description

Milestone M128. Report on the data needs for postclosure
performance assessment.

Milestone P854. Report on the description of preliminary
scenario classes to be screened against consequences.

Input refined scenario classes to Information Need 1.1.4.

Milestone M125. Report on preliminary models of releases
through volcanism and human intrusion.

Milestone P855. Report on preliminary models of gas-phase
releases.

3

4

5.
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Point
number Description

6 Milestone P086. Report on preliminary systems models of
releases through water pathways.

7 Milestone M193. Report on a refined source term model using
exploratory shaft and waste package advanced conceptual
design information.

8 Complete validation of models and verification of codes in
support of the draft environmental impact statement (DEIS).

9 Milestones Z043 and Z075. Reports on the results of screening
scenario class models.

10 Milestone Z077. Report on final computationally efficient
models to be used in the total system simulator.

11 Milestone Z078. Report on structure of the total system
simulator.

12 Milestone Z079. Report on joint probability distributions used
in the total system simulator.

13 Milestone N121. Complete interim probability analysis of
performance of the total system for input into the DEIS.

14 Output of performance assessment calculations in support of the
DEIS.

15 Update of DEIS performance assessment calculations in support
of the final environmental impact statement (FEIS) and
license application.
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8.3.5.14 Issue resolution strategy for Issue 1.2:- Will the mined geologic
disposal system meet the requirements for limiting individual doses
in the accessible environment as required by 40 CFR 191.15?

Regulatory basis for the issue

The relevant parts of 40 CF. 1I.15 are quoted in the following:

191.16 Individual protection requirements.

Disposal systems for spent nuclear fuel or high-level Qr transuranic
radioactive wastes shall be designed to provide a. reasonable expect-
ation that, for 1,000 yr after disposal, undistvrbed performance of
the disposal system shall not cause the annual dose equivalent from
the disposal system to any member of the public in the accessible
environment to-exceed 25 millirems to the whole body or 75 millirems
to any critical organ. All potential pathways (associated with
undisturbed performance) from the disposal system to people shall be
considered, including the assumption that individuals consume 2 L
per day of drinking water from any significant source of ground
water outside of the controlled area.

In the regulation just given, undisturbed performance means the pre-
-dicted behavior of a disposal system, including consideration of the uncer-
tainties in predicted behavior, if the disposal system is not disrupted by
human intrusion or the occurrence of unlikely natural events. The term
accessible environment means (1) the atmosphere, (2) land surfaces, (3) sur-
face waters, (4) oceans, and (5) all the lithosphere that is beyond tie con-
trolled area, a surface location that encompasses no more than 100 km and'
extends horizontally no more than 5 km in any direction from the outer boun-
dary of the original location of the radioactive wastes in a disposal system.

In addition, the regulation (40 CFR 191.12) defines the significant
source of ground water to mean:

(1) An aquifer that:. (i) Is saturated with water having less'than
10,000 milligrams per liter of total dissolved solids; (ii) is
within 2,500 feet'of the land surface; (iii) has a transmissivity
greater than 200 gallons per'day per foot, provided that any forma-
tion or part of a formation included within the source of ground
water has a hydraulic conductivity greater than 2 gallons per day
per square foot; and (iv) is capable of continuously yielding at
least 10,000 gallons per day-to a pumped or-flowing well for a
period of at least X year; or (2) an aquifer that provides the
primary source of water for a community water system as of the
effective date of this Subpart.-

The expected condition of the repository environment is such that no
significant amounts of liquid water will be present in and adjacent to the
borehole for at least 300 yr after repository closure. For 300 to 1,000 yr
after closure, a limited amount of water (i.e., less than 5 liters per
package per year for 90 percent of the packages and less than 20 liters per
package per year for 10 percent of the packages) may be available to contact
some waste containers, although most of the containers are expected to remain
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in a dry environment for well over 1,000 yr (Section 8.3.4). A limited
amount of radionuclides, therefore, may be released from breached containers
and transported by ground water to the accessible environment.

Three radionuclides might be able to escape from the breached container
as gaseous species under the conditions at Yucca Mountain: carbon-14,
tritium, and krypton-85. Of these, only carbon-14 is readily available for
rapid release from a breached waste container. The other radionuclides, both
of which have short half-lives, are contained within the waste form (Sections
8.3.5.9 and 8.3.5.10). Carbon-14 release is expected to be in the form of
carbon-14 dioxide that will percolate up through the pore space in the
unsaturated overburden to the accessible environment.

Approach to resolving the issue

There are only two significant pathways for the radionuclides from the
waste package to reach humans in the accessible environment (i.e., ground-
water transport and gas phase transport). These probable flow paths for each
transport mechanism lead to quite different and separate exposure sources for
any released radionuclides. Therefore, they will be treated separately.

The approach to resolving Issue 1.2 for the ground-water pathway is to
determine whether any exposure to the public will result during the 1,000-yr
period. No significant source of ground water may exist at the boundary of
the controlled area. However, the dose calculation will assume that indi-
viduals consume 2 liters per day of drinking water at the outside boundary of
the controlled area, where the concentration of radionuclides in ground water
could be expected to be the highest. For the gaseous pathway, the reference
case will examine whether the upper bounding value of the exposure to the
public will be less than 25- and 75-arem/yr dose limits based on the amount
of the carbon-14 inventory that can be released in gaseous form. Alterna-
tively, it may be possible to show that the gaseous carbon-14 dioxide may
never reach the accessible environment during the 1,000-yr period. The total
dose to the individuals will be the sum of the doses through both pathways
and it will be compared against the required dose limits. Figure 8.3.5.14-1
illustrates the objective and logic to resolve.Issue 1.2.

Under the undisturbed conditions of the repository, it is expected that
most of the waste packages will remain dry and that the radionuclides will be
substantially completely contained in the waste package. Under very conser-
vative assumptions, however (described in Section 8.3.5.9), up to 20 percent
of the waste containers may be breached and radionuclides may be released and
transported in the ground water through the unsaturated and saturated zones
before they reach the- accessible environment (Section 8.3.5.13). Sorbixg
species of the radionuclides would travel slower than the ground-water move-
ment because of retardation, and even the nonsorbing species cannot travel
faster than the ground-water movement itself along the path of likely radio-
nuclide travel. For the ground-water pathways, this issue will be resolved
if reasonable expectations are established that contaminant transport to the
water table exceeds 1,000 yr with high confidence. Current estimates of the
ground-water travel time show a mean value of 43,265 yr with a standard devi-
ation of 12,785 yr (Sinnock et al., 1986), thus providing an initial level of
confidence that the radionuclide travel time will be longer than 1,000 yr
(Section 8.3.5.12).
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ISSUE 1.2: WILL THE MINED GEOLOGIC DISPOSAL SYSTEM.
MEET. THE REQUIREMENTS FOR LIMITING INDIVIDUAL DOSES

IN THE ACCESSIBLE ENVIRONMENT AS REQUIRED BY
40 CFR 191.15?

OBJECTIVE: DETERMINE WHETHER. FOR 1.000 yr AFTER
DISPOSAL, THE UNDISTURBED PERFORMANCE OF THE DISPOSAL
SYSTEM WILL CAUSE AN ANNUAL DOSE EQUIVALENT FROM THE

DISPOSAL SYSTEM TO ANY MEMBER OF THE PUBLIC IN THE
ACCESSIBLE ENVIRONMENT TO EXCEED 25 MREM TO THE
WHOLE BODY OR 75 MREM TO ANY CRITICAL ORGAN BY
EITHER THE GROUND-WATER OR GASEOUS PATHWAYS
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Figure 8.3.6.14-1. Logic diagram for Issue 1.2 (individual protection).
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If the radionuclide transport time is less than 1,000 yr, then the
concentration of radionuclides in ground water and its change with time will >
be calculated using the total system performance model (see Section 8.3.5.13)
at the boundary of the controlled area. There may be no significant source
of ground water at the outside boundary of the controlled area. However,
using the concentration of radionuclides at the boundary of the controlled
area and the assumption that individuals consume 2 liters per day of drinking
water, the dose to a maximally'exposed individual can be calculated. Alter-
natively, it could be- determined that there is no significant source of
ground water outside the controlled area but that a source exists within the
1,000-yr radionuclide travel time boundary. If, however, any such source is
identified, the same calculation as above can be made for that location. It
should be noted that there is another requirement for the site (10 CFR
60.113(a)(2) that the pre-waste-emplacement ground-water travel time must be
greater than 1,000-yr. The pre-waste-emplacement ground-water travel time
and the radionuclide travel time (post-emplacement) are related but not the
same; therefore, a radionuclide travel time that is less than 1,000 yr,
although very unlikely, would not necessarily violate the 10 CFR 60.113
requirement (see Section 8.3.5.12).

Both'spent fuel and glass waste forms contain carbon-14. The total
amount of carbon-14 in'the spent fuel is conservatively estimated to be
1.5 Ci/UMHI (metric tons of heavy metal) by actual measurements and analyses
(Van Konynenburg et al., 1986). A smaller inventory of carbon-14 is expected
for glass waste forms because of the potential for release and transfer to
other waste streams during reprocessing. Most of the carbon-14 in the spent
fuel is locked inside UO fuel, Zircaloy cladding, and fuel assemblies and J
will be released slowly Lfter the containment is breached. Only a small
fraction of the total carbon-14 inventory in the spent fuel could be rapidly
released from the oxidized skin of the Zircaloy cladding by reaction of the
oxygen in the atmosphere with the carbon in the cladding oxidation layer
(Oversby and McCright, 1984). Oversby and McCright believe that as much as
1 percent of the carbon-14 inventory in spent fuel could be rapidly released
in this way during the first 100 to 1,000 yr following closure when high
temperature and gamma radiation are expected (Section 8.3.5.9). No rapid
release of carbon-14 is known from glass waste forms.

A bounding-case calculation for carbon-14 release can be made as
follows: when the repository is completely filled with 70,000 MTEM, the
total inventory of carbon-14 will be less than 105,000 Ci; considering that
some of the wastes are in glass waste forms, the rapid release fraction of
carbon-14 from the entire repository is not likely to exceed 1,000 Ci even if
every waste container were breached within 1,000 yr. The goal of the waste-
container design limits the container failure to less than 5 percent for the
first 300 yr and to less than 20 percent for 1,000 yr after closure. Under a
conservative assumption of 20 percent container failure, the total inventory
of available carbon-14 for rapid release in gaseous form, therefore, would be
less than 200 Ci. The 200 Ci would most likely be released gradually as the
containers fail in a time-distributed manner. Even with a total failure of
the entire 20 percent of the containers in 1 yr, the maximum release will not
exceed 200 Ci in 1 yr, with no further release during the subsequent years,
because there will be no more carbon-14 available for rapid release.
Evaluation of the inventory and release of carbon-14 from Zircaloy cladding
is being investigated in Section 8.3.5.10.
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The carbon-14 released from the spent fuel during the initial breach of
the container is expected to be in the form of carbon dioxide. Gas-phase
carbon-14 dioxide moves upward through air-filled pores in the unsaturated
tuffs by molecular diffusion and by advection in a thermally driven air-
convection cell. In the course of the. upward movement of carbon-14 dioride,
isotopic exchange of carbon-14 with the normal carbon'of the carbon dioxide
gas in the pore space will occur,. thus retarding the movement of the
carbon-14 to the atmosphere above the repository. The carbon dioxide gas in
the pore space is probably in equilibrium with dissolved'bicarbonate in the
pore water. Therefore, a large reservoir of. -normal carbon exists in the
unsaturated tuffs and is available for carbon-14 isotopic exchange. In'
addition, precipitation of calcite, if it occurs, will irreversibly remove
carbon-14 from the system. Actual residence times of carbon-14 in the pore
spaces of the repository overburden could, in principle, be estimated by
solving a transport equation that takes the isotope exchange and chemical
models into account. However, site-specific data that would permit realistic
estimates of the carbon-14 residence time are lacking.'

If the residence time of the carbon-14 in the'overburden (the time
needed for carbon-14 to travel through the overburden) is established with
high confidence to exceed 1,000 yr, this part of Issue 1.2 will be resolved.
The mean and standard deviation of the residence time in the overburden of a
carbon-14 nucleus that is released at the repository level will be estimated
in Section 8.3.1.3.8, and a model for gas-phase releases will be developed in
Information Need 1.1.3 (Section 8.3.5.13.3).

A realistic estimate'of doses from the' gaseous pathway to the public in
the accessible environment will have to be based on the gas-phase release
estimated from Information Need 1.1.3 (Section 8.3.5.13.3). For the resolu-
tion of Issue 1.2, however, a bounding-value calculation will be used. The
inventory of carbon-14 available for rapid release, a total'of 200 Ci for'
1,000 yr, is small compared with (1) an average release of S to 10 Ci from
each operating nuclear power'plant (boiling water and pressurized water
reactors) into the'atmosphere every year and (2) the design-basis release of'
approximately 800 Ci/yr from a 1,500-MTHM/yr fuel-reprocessing plant.
Because of the'very small dose consequences expected from the assumed release
of carbon-14 through the repository overburden, bounding calculations will be
done for a hypothetical maximally exposed individual on the ground surface
above the repository assuming a ground-level release of the total.200 Ci in
one year. Internal dose from ingestion has not been'calculated'because of
the lack of site-specific data. This dose is, however, expected to be
significantly smaller than the inhalation dose because of the lack of
vegetation at the Yucca Mountain site. '

Unless this issue has been resolved by having both the radionuclide
travel time (liquid pathway) and residence time of carbon-14Win the-over- -
burden greater than'1,000 yr, doses from the individual pathways'will be
summed to'see if' the goal is'met. 'At present,'there is'a high confidence
that-the goal can be met with the current design of the waste package and the
site geohydrologic conditions. If, however, the goal has not been met, the
source term for the radionuclide release can be reduced by a more realistic
(less conservative) assessment of the dose pathways to the individuals or by
alternative designs of'the waste kage '(Section 8.3.5.9).
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A preliminary performance allocation for this issue is summarized in
Table 8.3.5.14-1. Because Issue 1.2 concerns only the undisturbed perfor-
mance of the disposal system with respect to individual protection from
radiation, it is appropriate to allocate performance against the expected
pathways. A goal is set for the liquid pathways for near-zero release; it
calls for the radionuclide travel time to exceed 1,000 yr. More detailed
performance measures and their goals are set for the gaseous pathway. No
significant external dose is expected from the weak beta radiation from
carbon-14 through. the skin. The only significant pathways for internal dose
are through inhalation of carbon-14 dioxide in breathing air and ingestion of
carbon-14-containing food items grown in the area.- Specific goals based on
the preliminary analysis are established with a high confidence for the
internal doses by inhalation and ingestion. A goal is also set for the
residence time of gaseous carbon-14 in the overburden.

Table 8.3.5.14-1 also illustrates the relationship between the perfor-
mance measures and the parameters. Table 8.3.5.14-2 identifies the charac-
terization parameters needed to determine the transport of carbon-14 dioxide
on the surface'above the repository.

Interrelationships of information needs

Two information needs have been identified for Issue 1.2: Information
Need 1.2.1 determines the doses through the ground-water pathway, using the
same methodology as that used for Issue 1.1, total system releases. The
second information need (1.2.2) determines the internal and external doses to
the public in the accessible environment through the gaseous pathway of
carbon-14.

The schedule information provided for the information needs in'this
section includes the sequencing, interrelationships, and relative durations
of the activities in the information need. Specific durations and start/
finish dates for the activities are being developed as part of ongoing
planning efforts, and will be provided in the SCP at the time of issuance and
revised as appropriate in subsequent semiannual progress reports.

8.3.5.14.1 Information Need 1.2.1: Determination of doses to the public in
the accessible environment through ground-water transport

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The information needed to satisfy this information need and the m'ethod-
ology to be used is basically the same as that used for Section 8.3.5.13,
total system performance.

Parameters

The parameters needed to satisfy this information need are the same as
those required for Information Need 1.1.4, Section 8.3.5.13.4. Specifically,
these parameters include:

8.3.5.14-6
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Table 8.3.5.14-1. Performance allocation for Issue 1.2 (individual protection)

(

Release Primary Performance Tentative Needed
scenario class Pathway barriers measure goal confidence

Nominal Cround Unsaturated zone Individual dose (whole Near zero High
(expected) water and saturated body) (dose much

zone less than
standards)

Cas phase Waste container Individual dose (whole High
and overburden body)

External Near zero High

Internal
Inhalation <5 mrem/yr High
Ingestion <5 mrem/yr HighUP0.

a

I



Table 8.3.5.14-2. Performance parameters for Issue 1.2 (individual protection)

SCP section
providing

Tentative expected
System element Process or Performance Performance parameter Needed parameter Current

relied on Function conditions measure parameter goal confidence values confidence

Unsaturated sone Retardation of Porous-media Individual Cround-watera >1,000 yr Uigh 3.9.4 Low
and saturated radionuclide transport dose travel time
sone below the movement in through
repository ground water matrix and
(ground water adsorptive
transport) retardation Retardation >1 Sigh 4.1.3.3 Medium

Overburden Retardation of Isotope Individual Residence >1,000 yr Uigh None Low
(gas phase movement of exchange, dose time of
transport) gaseous chemical carbon-14

nuclides equilibrium in over-
and pre- burden
cipitation

Waste form Containment and Distribution Individual Inventory of <1,000 Ci High 7.4.3.1 Low
(gas phase controlled of radio- dose rapid
transport) release of nuclides release

gaseous and con- fraction of
nuclides tainment carbon-14

a

aCround-water
environment.

travel time is used as a measure of the radionuclide transport time to the boundary of thie accessible

C (
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1. Flux through the unsaturated zone (also from Section
8.3.5.12.4).

2. Retardation through the unsaturated zone (also from Section
8.3.1.3.4).

3. Dose conversion factors (standard values).

Logic

This information need addresses the movement of radionuclides through
the ground water to the accessible environment. The parameters needed and
the methodology to be used to satisfy this information need are similar to
those used to determine the total releases to the accessible environment
under expected conditions. The difference between this issue and Issue 1.1
is that the parameters and scenarios to be considered for this issue will
cover only the first 1,000 yr after closure under expected conditions,
whereas Issue 1.1 (Section 8.3.5.13) releases over 10,000 yr under expected
and unexpected conditions. Radionuclide releases will be determined from the
engineered barrier system, and contaminant transport will be considered
through the unsaturated zone to the water table. Because the ground-water
travel time through the unsaturated zone is expected to be much greater than
1,000 yr, this issue will examine the transport to the water table first. If
the ground-water travel time to the water table through the unsaturated zone
is less than 1,000 yr, then the ground-water travel time to the boundary of
the controlled area and the change in radionuclide concentration at-the
boundary will be calculated for the dose evaluation.

8.3.5.14.1.1 Activity 1.2.1.1: Calculation of doset through the
ground-water pathway

Objectives

The objective of this activity is to use the methodology applied in
Section 8.3.5.13 to calculate the radionuclide transport to the boundary of
the controlled area.

Parameters

See the general parameters list for this information need.

Description

This activity will obtain from Information Need 1.1.4 the distribution
of radionuclides transported to the boundary of the controlled area during
the first 1,000 yr after closure. Only expected conditions will be consid-.
ered for this analysis. The radionuclide transport model used to make this
evaluation will be verified and validated under Issue 1.1. The concentra-
tion of radionuclides in the ground water at the boundary of the controlled
area and the assumption that individuals consume 2 liters per day of drinking

8;3.5.14-9
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water from a significant source of ground water at the controlled area bound-
ary will be used to calculate the individual dose. The results of this
evaluation will be presented in a report.

8.3.5.14.1.2 Application of results

This information will be used to resolve the doses through the ground-
water pathway section of this Issue (1.2).

8.3.5.14.1.3 Schedule and milestones.

The schedule and milestone information for this information need is
given in Section 8.3.5.14.2.4 following the discussion of Information Need
1.2.2 (determination of doses to the public in the accessible environment
through gaseous pathway).

8.3.5.14.2 Information Need 1.2.2: Determination of doses to the public in
the accessible environment through the gaseous pathway

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The following sections of Chapter 8 summarize the information relevant
to this information need.

Chapter 8
section Short title

8.3.1.12 Meteorology

8.3.5.3 Public radiological exposures--
normal conditions

8.3.5.13 Total system performance

Sections 8.3.5.9 and 8.3.5.10 will establish that carbon-14 is the only
important gaseous radionuclide that can be transported to the accessible
environment through the gaseous pathway and also will establish the maximum
inventory of carbon-14 for rapid release. Since a bounding-value calculation
is believed to be sufficient to resolve this issue, time distribution of con-
tainer failure from Information Need 1.4.4 (Section 8.3.5.9.4) will not be
used here.

8.3.5.14-10
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Parameters

Most of the parameters needed to satisfy this information need are
obtained from other information needs as noted in the following list:

1. Important gaseous radionuclides (Section 8.3.5.10.1).

2. Inventory and release of gaseous radionuclides '(Section 8.3.5.10.2).

3. Retardation of gaseous flow through the overburden (Section
8.3.5.13.3).

4. Site meteorological data (Section 8.3.1.12.2).

5. Offsite activities for ingestion and inhalation scenarios (Section
8.3.1.13).

6. 'Dose conversion factors (standard published values).

Logic

Releases of gaseous radionuclides will be determined by using a two-step
process. The first step involves examining the retardation of gaseous flow
of carbon-14 dioxide through the overburden. This step will use the same
parameters and methodology as used to address Issue 1.1, total system perfor-
mance, with the exception that this issue considers'only expected conditions
over the first 1,000 yr following disposal. The second step involves exam-
ining inhalation and ingestion rates when the carbon-14 dioxide reaches the
surface. This step will be performed only if it is determined that the goal
for gaseous retardation through the overburden cannot be achieved-with a high
level of confidence.

For a given radionuclide, when the release rate,'wind speed, and dis-
persion coefficients are known, it is a straightforward calculation to obtain
the external and internal inhalation doses with standard dose-conversion
factors. Inhalation dose is expected to be the overwhelming component of'the
potential dose from carbon-14 releases. Uptake by ingestion, however, -
greatly depends upon local vegetation and agricultural activities and can
vary significantly from'area to area even for the'same amount of release. No
significant agricultural activities are currently present at the Yucca
Mountain area, and the expected conditions for 1,000 yr in the area can be
assumed in order to estimate the ingestion dose. Since the dose rate will be
highest at the' land surface, only one calculation for a hypothetical maxi-
mally exposed person will be required to resolve this information need.

Two activities are planned to calculate doses to the public in the
accessible environment-through the gaseous'pathway. The second activity will
be performed only if it is determined that'the goal for gaseous retardation
through the overburden cannot be achieved with a high level of confidence.

8.3.5.14-11
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8.3.5.14.2.1 Activity 1.2.2.1: Calculation of transport of gaseous carbon-
14 dioxide through the overburden

Objectives

The objective of this activity is to estimate the transport time for
gaseous carbon-14 dioxide from the repository to the land surface during the
first 1,000 yr after disposal.

Parameters

Parameters 1, 2, and 3 identified under Information Need 1.2.2 are
required for this activity.

Description

This activity will obtain from Information Need 1.1.4 the distribution
of gaseous radionuclides transported through the overburden to the land
surface during the first 1,000 yr after disposal. Only expected conditions
will be considered for this analysis. The results of this evaluation will be
presented in a final report on doses to the public in the accessible environ-
ment through gas phase transport.

8.3.5.14.2.2 Activity 1.2.2.2: Calculation of land-surface dose and dose to
the public in the accessible environment through the gaseous
pathway of carbon-14

Objectives -

The objectives of this activity are to collect the necessary data on
carbon-14 inventory and meteorology, and to calculate upper bound values for
external and internal doses. The latter objective includes doses from both
inhalation and ingestion.

Parameters

See the general parameter list for this information need.

Description

This activity will extract the carbon-14 inventory data from Information
Need 1.5.2 (Section 8.3.5.10.2) and calculate the dispersion coefficients and
wind speed from meteorological data from Section 8.3.1.12.1. This activity
will also calculate the expected and upper bound internal and external doses
to a hypothetical maximally exposed person on the land surface above the
repository. The AMIOWS-EPA program or other appropriate programs will be
used for the dose calculation. Model verification and validation are dis-
cussed in the NNWSI Project Radiological Monitoring Plan (Section 8.3.5.3).
The results will be presented in a report.

8.3.5.14-12
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8.3.5.14.2.3 Application of results

This information will be used to resolve the doses through the gaseous
pathway section of this issue.

8.3.5.14.2.4 Schedule and milestones

Performance Issue 1.2 consists of two information needs to evaluate if
the mined geologic disposal system will meet the system performance objective
*for limiting individual doses in the accessible environment. These informa-
tion needs are 1.2.1 (determination of doses to the public in the accessible
environment through ground-water transport) and 1.2.2 (determination of doses,
to the public in the accessible environment through gaseous pathways). In
the figure that follows, the-schedule information for'this issue is presented
in the form of timeliness The timelines extend from implementation of the
activities to the issuance of the final products associated with the activi-
ties. Summary schedules and milestone information for this issue can be
found in Section 8.5.1.1.

The analysis and modeling work for this entire issue will proceed in
parallel with characterization and.design activities and will interact with
them in an iterative fashion.

The activities if this'issue are constrained by other program elements
Information is needed from Sections'8.3.5.13 (total system performance),
8.3.5.10 (engineered barrier system release rates), and 8.3.1.12
(meteorology).

The titles corresponding to the timelines are shown on the left in the
following figure. The points shown on the timelines represent major events
or important milestones associated with the issue. Solid lines represent
activity durations and dashed lines show interfaces.

PERFORMANCE
ASSESSMENT
INFORMATION
NEED

2.. ;~~~~
1.Z.1

Public
doses-
ground-
water
transport
1.2.2
Public
doses-
gaseous
pathways

f
45
V *

_ I ~ ~ ~~~~I I

TIME 3514-YB
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The points on the timelines are described in the following table.

Point
number Description

1 Information received from the ground-water travel time
performance issue (Section 8.3.5.12) and the geochemistry
program (Section 8.3.1.3).

2 Milestone Z456. Issue report on the determination of doses to
the public in the accessible environment through the
ground-water pathway.

3 Information received from the engineered barrier system release
rates performance issue (Section 8.3.5.10), the total system
performance issue (Section 8.3.5.13), and the meteorology
program (Section 8.3.5.12).

4 Initial calculation of gaseous transport time of carbon-14
dioxide through overburden complete. If the confidence
levels are adequate, prepare report on gaseous transport time
(Z457). If the confidence levels are not adequate, initiate
next activity to evaluate upper bound internal and external
doses.

5 Milestone Z457. Issue report on the determination of doses to
the public in the accessible environment through gas-phase
transport.

. .~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -

8.3.5.14-14



DOEIRW-01 60 DOE/FIW01 60

Chapter 8

Nuclear Waste Policy Act Section 835.15
(Section 113) ,

_~~~~~~~~~~~~~~~~~~~~~~~~~~~ N--

Consultation Draft GROUNDWVATER
PROTECTION

Yucca Mountain Site, Nevada Research
and Development Area, Nevada

Volume VII

January 1988

U.S. Department of Energy
Office of Civilian Radioactive Waste Management
Washington, DC 20585

W 9110'�92P $S o3/



CONSULTATION DRAFT

8.3.5.15 Issue resolution strategy for Issue 1.3: Will the mined geologic
disposal system meet the requirements for the protection of special
sources of ground water as required by 40 CFR 191.16'

Regulatory basis for the issue

The parts of 40 CFR 191.16 relevant to Issue 1.3 are quoted in the
following:.

.191.16 Ground water protection requirements

'(a) Disposal systems for spent nuclear fuel or high-level or
transuranic radioactive wastes shall be designed to
provide a reasonable expectation that, for 1,000 yr after
disposal, undisturbed performance of the disposal system
shall not cause the radionuclide concentrations averaged
over any year in water withdrawn from any portion of a
special source of ground water to exceed:

(1) 5 picocuries per liter of radium-226 and radium-228;

(2) 15 picocuries per liter of alpha-emitting
radionuclides (including radium-226 and radium-228

Lbut excluding radon); or

(3) The combined concentrations of radionuclides that
emit either beta or gamma radiation that would
produce an annual dose equivalent to the total body
or any internal organ greater than 4 millirems per
year.if an individual consumed 2 liters per day of
drinking water from such a source of ground water.

:(b) If any of the average annual radionuclide concentrations
existing in a special source of ground water before
construction of the disposal system already exceed the
limits in 191.16(a), the disposal system shall be
designed to provide a reasonable expectation that, for
1,000 years after disposal, undisturbed performance-of
the disposal system shall not increase the existing
average annual radionuclide concentrations in water
withdrawn from that special source of ground water by
more than the limits established in 191.16(a).

In the previous.regulations, undisturbed performance means the predicted
behavior of a disposal system, including consideration of the uncertainties
in predicted behavior,' if'the disposal-system'is not disrupted by human
intrusion or the occurrence of unlikely natural'events.:

An-aquifer must meet several criteria to be designated'as a special
source. 'The first'step in the evaluation is to establish whether the aquifer
is a Class I source as defined by the'EPA Ground Water Protection Strategy of
1984 (EPA, 1984). The conditions that must be met for designation as a Class
I source are (1) that the source is highly vulnerable to contamination

8.3.5.15-1
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because of the hydrologic characteristics and (2) that the source is irre-
placeable in that no reasonable alternative is available to substantial
populations or that the source is ecologically vital in that it provides
baseflow to a sensitive ecological system.

If an aquifer meets the criteria for a Class I source, the next step is
to determine whether it qualifies as a special source of ground water.
40 CFR 191.12 defines a special source of groundwater as 'those Class I
ground waters identified in accordance with the agency's Ground-Water
Protection Strategy . . . that: (1) are within the controlled area encom-
passing a disposal system or less than 5 km beyond the controlled area [the
controlled area is the actual area chosen according to the 40 CFR 191.12
definition of the controlled area]; (2) are supplying drinking water for
thousands of persons as of the date that the [DOE] chooses a location within
that area for detailed characterization as a potential site for a disposal
system (e.g., in accordance with Section 112(b)(1)(B) of the Nuclear Waste
Policy Act); and (3) are irreplaceable in that no reasonable alternative
source of drinking water is available to that population.'

Approach to resolving the issue

The approach to resolving this issue consists of a series of deter-
minations and decision points, any one of which could result in an af-
firmative resolution. As shown in the logic diagram for this issue (Figure
8.3.5.15-1), the first decision is whether Class I or special sources of
ground water exist in the vicinity of Yucca Mountain as determined by
comparing the criteria with the hydrogeologic, demographic, and ecologic
characteristics of the site and its contiguous vicinity. If Class I or
special sources are found not to exist, the issue is resolved affirmatively.

If a Class I source exists, the NNWSI Project will proceed to evaluate
whether the Class I ground water is also a special source of ground water.
If so, the concentration of waste in special-source ground water must remain
below the limits specified in 40 CFR 191.18. The approach is first to
determine whether slow ground-water movement or containment of waste within
the waste package alone can ensure meeting the limits. If neither path can
provide this assurance, the NNWSI Project will conduct transport modeling to
test whether concentrations in special-source ground water will remain below
the established limits.

These two fundamental questions (i.e., whether special sources exist,
and whether contamination of a special source will be below the 40 CFR 191.18
limits) are the basis for defining two information needs:

1.3.1 Determine whether any Class I or special sources of ground water
exist at Yucca Mountain, within the controlled area, or within 5
km of the controlled area boundary.

1.3.2 Determine for all special sources whether concentrations of waste
products in the ground water during the first 1,000 yr after dis-
posal will not exceed the limits established in 40 CF? 191.16.

8.3.5.15-2
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ISSUE 1.3: EPA SPECIAL SOURCE
GROUND-WATER PROTECTIONR

OBJECTIVE: DEIE*NE W-ETIE CLASS I OR
SPECIAL SOUlRCES EM1T lK V TY OF YUCCA MOUNTAIN

COMPARE CLASS I SOURCE CRITERIA
WITH SITE CHARACTERISTICS

NO
< <<,CLAS~LSI SOURCES EX

COMPARE SPECIAL-SOURCE
CRITERIA WITH SITE CHARACTERISTICS

. ~~ - ' 4 ~ES

DETERMINE CONCENTRATIONS OF HIGH-LEVEL OR
TRANSURANIC WASTES IN SPECIAL-SOURCE - .

GROUND WATER FOR 1.000 ye AFTER DISPOSAL

CALCULATE CONCENTRATION IN SPECIAL-SOURCE
AGIUIFERS

_ A~~FFIRzMATIVE RESOLUTION
OF ISSUE i.3i * , w

- -3515-i-7/25187-VA

Figure m.3.5.15-1. Logic diagram for Issue 1.3 (ground-water protection).
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Performance allocation for Issue 1.3

A preliminary performance allocation for this issue (1.3) is summarized
in Table 8.3.5.15-1. Because this issue is concerned with the protection of
special ground-water sources-from contamination, it-is appropriate to first
establish whether a Class I or special ground-water source exists. If no
special sources exist, then the issue is resolved. If a special source is
identified at or near the site, this issue could be resolved by establishing
that the concentrations of waste products in the special source are likely to
be much less than allowed by EPA limits. The relationship between the
performance measures and the required parameters is illustrated in Table
8 .3.5. 15-1.--

Interrelationships of information needs

Two information needs have been identified for this issue; the first is
the determination whether a Class I or special source of ground water exists
at or in the vicinity of the Yucca Mountain site. If a special source aqui-
fer is identified during site characterization, a second information need
will be addressed to determine whether concentrations of waste in the ground
water could exceed the limits established by 40 CFR 191.18.

The schedule information provided for information needs in this section
includes the sequencing, interrelationships, and relative durations of the
analyses in the information need. Specific durations and start/finish dates
for the analyses are being developed as part of ongoing planning efforts and
will be provided in the SCP at the time of issuance and revised as
appropriate in subsequent semiannual progress reports.

8.3.5.15.1 Information Need 1.3.1: Determination whether any Class I or
special sources of ground water exist at Yucca Mountain, within
the controlled area, or within 5 km of the controlled area
boundary

Technical basis for addressing the information need

Link to the technical data chapters and applicable support documents

The following sections of Chapter 3 (hydrology) summarize the data
relevant to this information need:

SOP section Subiect

3.6 Regional hydrogeologic reconnaissance of
candidate area and site

3.7 Regional ground-water flow system

3.8 Ground-water uses

3.9 Site hydrogeologic system

8.3.5.15-4
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Table 8.3.5.15-1. Performance allocation for Issue 1.3 (ground-water protection)

Performance measure
Needed - Performance

Coal confidence parameters Coal
Current
estimate

Current Needed
confidence confidenceModifier

Existence of special
source of ground
water

No spe-
cial
source

High Existence of
aquifers
within 5 km
of contrgl-
led area

NAa Valley fill (VP)
Tuff (T)
Lower Carbonate

(LC)

Exists
Exists
Exists

High
High
High

nigh
High
High

Aquifer vtulner-
ability to
contamination

Not vul-
nerable
within
10,000 yr

VP, T, LC Not vulnerable
within 20,000 yr

Low Medium

I- -.

T,'
Wl

a. Population
served
or

b. Baseflow to
sensitive
ecological
system

Population
-served

<substan- VP
tial t

LC'
None VF

T
LC

>3,000, < 5,000
<1,000
WS00

None
None

, Exists

<thousands VP
T

;w LC

>3,000, <5,000
<1,000
bNoo .

High
Medium
Medium
Medium
Medium
Medium

nigh
Medium
Medium

Low
Medium
Low

Low

High
'High'
High
High
Righ
High

High
High
High

High
High

Medium

High

I ., .t

taste concentration <Limits
in special source of
:aquifer within 40 CFR
1,000-yr after: 191.16
disposal - for

1,000-yr

High

Existence of
reasonable
alternative
.source.

Concentration
of specified
constituents
as function
of time

Exists VP
T

Does not exist
Exists
Does not exist

<Limits
I specified

in 40 CPR
191.1a
for
1,000-yr

VPF, T, LC Meets goal

aaNA = not applicable.
Controlled area is the actual area chosen, according to the 40 CFR 191.12 defintion of controlled arei.
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The information contained in these sections supports a preliminary
determination that no potential special sources of ground water are present
at the site, below the site, within the boundaries of.the controlled area, or
within 5 km of the controlled area boundary. The following discussion is a
brief compilation of this information from Chapter 3.

All the aquifers meet the criterion'for location. The tuff aquifer and
the lower carbonate aquifer both underlie the proposed repository location.
The valley-fill aquifer is located within 5 km of the'controlled area
(Chapter 3) and was the only aquifer in the Yucca Mountain area serving a
population of thousands of persons at the time that the site was chosen for
characterization (Section 3.8). Within the Amargosa Desert where the valley-
fill aquifer is used, it is underlain by the Paleozoic rocks of the lower
carbonate aquifer.

The lower carbonate aquifer is considered an irreplaceable source
because it supplies baseflow to the Ash Meadows region in southern Nye County;
(Dudley and Larson, 1975), which has been designated a critical habitat for
several species of endangered fishes. The Ash Meadows area, however, is part
of a different ground-water subbasin (Ash Meadows) from the Alkali Flat-
Furnace Creek Ranch ground-water subbasin, which contains Yucca Mountain
(Section 3.6). Evaluations of the hydrologic feasibility of developing the
lower carbonate aquifer must consider the'possibility of interbasin diversion
of this baseflow (refer to Section 8.3.1.9.2).

It is presently considered, with a medium level of confidence, that none
of the three aquifers is vulnerable to contamination within 1,000 yr after
emplacing waste at Yucca Mountain, based on the hydraulic and geochemical
characteristics of the thick unsaturated zone that would contain the reposi-
tory. In addition to its protection by the thick unsaturated zone, the lower
carbonate aquifer has a higher potentiometric head than does the tuff aquifer
in the vicinity of the site, according to data obtained from drillhole
UE-25p#1 (Craig and Robison, 1984). Therefore, the potential or tendency for
flow is upward from the lower carbonate aquifer rather than downward into it.
Both the lower carbonate and tuff aquifers crop out in limited areas of
rugged terrain, indicating the potential for contamination directly into
these aquifers from future human activities is slight. However, a low level
of confidence is assigned (Table 8.3.5.15-1) to this determination for the
valley-fill aquifer because (1) the valley-fill materials occur at the sur-
face over broad areas and (2)'the designation of a Class I source is not
restricted to its vulnerability to contamination from the proposed repository
(EPA, 1984).

Parameters

Most of the cultural parameters (i.e., demographic and water-use data)
needed to complete this information need relative to potential special
sources have already been obtained from preliminary investigations. Further
investigations being carried out as part of the geohydrology test program
will provide confirmatory hydrologic data needed to raise the confidence
level of the preliminary finding. The main parameters to be confirmed are

1. The degree and location(s) of hydraulic communication between the
aquifers of the flow system (Investigation 8.3.1.2.3).

8.3.5.15-6
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2. The potential for contamination of the aquifers from the mined
geologic disposal system (Investigation 8.3.1.2.1).

3. Refined demographic information on local ground-water users
(Investigation 8.3.1.9.2).

Logic

There are four criteria that must be met-in order to classify an aquifer
as a special source. One of the criteria (that the aquifers are located
within the controlled area or within 5 km of the controlled area boundary)
has been established with a high level of confidence. The three remaining
parameters will need to be known with greater certainty to resolve this
issue.

One analysis, which consists of two activities, is planned to evaluate
the data that will be obtained from the geohydrology and human interference
programs. This analysis will be a synthesis of the required information and
will present the final evaluation of the three subject aquifers against the
regulatory criteria.

8.3.5.15.1.1 Analysis 1.3.1.1: Determine whether any aquifers near the site
meet the Class I or special source criteria

This analysis consists of two synthesis activities that will obtain
required parameter values from Investigations 8.3.1.2.1'and 8.3.1.2.3; which
are 'part of. the postclosure geohydrologic programs; 'Additional information
will be taken fromInvestigation 8.3.1.9.2,-which is aipart of the human-
activities program.

8.3.5.15.1.1.1 -Activity 1.3.1.1.1: Synthesis and evaluation of hydrologic
and environmental information needed to determine whether
aquifers at the site meet the special source criteria

Objectives -

The objectives of this activity are (1) to raise the confidence levels
of the previously obtained hydrologic and environmental data and (2) to
analyze these data in order to evaluate whether any aquifers at or near.Yucca
Mountain meet the criteria for designation as a Class I or special source of
ground water.

Parameters

The parameters that will be obtained and'evaluated are the location(s)
and degree of hydraulic communication between the aquifers and the expected
susceptibility of the aquifers to contamination from the mined geologic
disposal system.

8.3.5.15-7
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Description

This activity will extract its'parameters from Investigations 8.3.1.2.1,
8.3.1.2.3, and 8.3.1.9.2, which are needed to raise-the confidence on-the
determination whether any special source of ground water exists at or near
the Yucca Mountain site. The results of the synthesis will be evaluated in
conjunction with data obtained from Activity 1.3.1.1.2 (Section
8.3.5.15.1.1.2) and will be presented in a report.

8.3.5.15.1.1.2 Activity 1.3.1.1.2: Synthesis and evaluation of demographic
and economic data needed to determine whether Class I or
special sources of ground water exist

Objectives

The objectives of this activity are (1) to obtain refined demographic -
data on water use needed'to establish the number of users from each aquifer
at the time Yucca Mountain was'selected for site characterization and (2) to
examine the economic feasibility of development of the lower carbonate
aquifer for alternative water supply to local populations.

Parameters

The parameters that will be obtained'and evaluated are population data
and locations, depths, and completion dates for all wells within the bound-
aries of the hydrogeologic study area (Chapter 3 introduction). Information-
on'short-term water demand, water supply, and projected socioeconomic condi-
tions will be obtained (Section 8.3.1.9.2.2.1) and evaluated to determine-thke
economic feasibility of developing the lower carbonate aquifer.

Description

This synthesis activity will obtain data from Section 8.3.1.9.2.2.1
(human interference program) in order to evaluate the site aquifers against
the criteria for special source status. These criteria are (1) population
served at the time Yucca Mountain was selected for site characterization and
(2) presence of alternative water supplies.

8.3.5.15.1.2 Application of results

The information obtained from this analysis will be used to satisfy the
regulatory requirements of 40 CFR 191.18. To confirm that there have been no
designations of the subject aquifers as special sources, the NNWSI Project
will request on a regular basis, information from the EPA on the status of
each of the three aquifers.

8.3.5.15-8
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8.3.5.15.1.3 Schedule and milestones,

The schedule and milestone information for this analysis is given in
Section 8.3.5.15.2.4, at the end of Analysis 1.3.2.1 (determine the
concentration of waste products in any special source of ground water during
the first 1,000 yr after disposal).

8.3.5.15.2 Information Need 1.3.2: Determine for all special sources
whether concentrations of waste products in the ground water
during the first 1,000 yr after disposal could exceed the limits
established in 40 CFR 191.16

Technical basis for addressing the information need

Link to the techuical data chapters and applicable support documents

Section 8.3.5.13 (Issue 1.1, total system'performance) presents the data
and methods 'relevant to this information need. The information contained in
this section supports the preliminary determination that concentrations of
contaminants in the ground water during the first 1,000 yr after disposal
will not exceed the limits established in 40 CFR 191.16.

Parameters

The parameters needed to satisfy this information need will be obtained
from other studies, in particular from the geohydrology program (Section
8.3.1.2) and the total system performance issue (Section 8.3.5.13). The main
parameters are (1) concentration of existing contaminants in all potential
special source aquifers identified by Analysis 1.3.1.1 and (2) total system
performance over the next 1,000 yr.

Logic

This information need-will be investigated only if--it .is determined that
a special source of ground water exists within S-km of the controlled area at
Yucca Uountain (Figure 8.3.5.15-1).

8-3.5-15.2.1 -Analysis-1.3.2.- Determine the o7cent rations of' s1se'
products in any special source-of ground water 'during the first
1,000 yr after disposal

This analysis consists of one activity that will calculate-the concen-
tration., of waste products in any special-source aquifers during the first
1,000 yr'after disposal. ,

8.3.5.15-9 --
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8.3.5.15.2.2 Activity 1.3.2.1.1: Synthesis and evaluation of releases of
waste products to special sources of ground water during the
first 1,000 yr after disposal

Objectives '

The objective of this activity is to determine the quantitr of waste
products that could be released and transported to a special source of ground
water during the first 1,000 yr after disposal.

Parameters

The parameters that will be obtained are the releases to the accessible
environment under expected conditions over the first 1,000 yr after disposal.

Description

This study will obtain information directly from studies associated with
Issue 1.1 (total system performance, Section 8.3.5.13). The difference
between this issue and Issue 1.1 is that the parameters and scenarios to be
considered in this issue will only cover the first 1,000 yr after disposal
under expected conditions, whereas Issue 1.1 examines releases over 10,000 yr
under expected and unexpected'conditions. No additional information is
requested under this activity.

8&3.5.15.2.3 Application of; results ,

The information.obtained from this analysis will be used to satisfy the
regulatory requirements of 40 CF! 191.18. -

8.3.5.15.2.4 Schedule and milestones

Performance Issue 1.3,consists of two analysesto evaluate if the mined
geologic disposal system -will meet'the requirements for the protection of
special sources of ground water. These analyses are 1.3.1.1 (determine whe-
ther any aquifers near the site meet the Class I or special source criteria)
and 1.3.2.1 (determine the concentration of waste products in any special
source of ground water during the first 1,000 yr after disposal). In the
figure that follows, the schedule informationfor this issue is presented in
the form of timelines. The timelines extend from implementation of the
activities to the issuance of the final products associated with the activ-
ities. Summary schedules and milestone information for this issue can be
found in Section 8.5.1.1.

The analysis and modeling 'work for this entire issue will proceed in
parallel with characterization and performance activities and -will interact
with them in an iterative fashion.

8.3.5.15-10
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The activities in this issue are constrained by other program elements.
Information is needed from Sections 8.3.5.13 (total system performance),
8.3.1.2 (geohydrology), and 8.3.1.9 (human interference).

The titles corresponding to the timelines are shown on the left in the
following figure. The points shown on the timelines represent major events
or important milestones associated with the issue. Solid lines represent
activity durations, and dashed lines show interfaces. The data input and
output at the interfaces are shown by circles. -

PERFORMANCE
ASSESSMENT
ANALYSIS

1

2 3
1.3.1.1 v.s--
Special
sources of
ground-
water 5

1.3.2.1
Concen-

rtons of,
waste Q

TIME 351 524WVB

The points on the timelines are described in the following table:

Point
number Description

1 Analysis begins with information passed from Investigations
8.3.1.2.1 (regional hydrology system), 8.3.1.2.3 (site
saturated-zone hydrologic system), and 8.3.1.9.2 (value of
resources).

2' Milestone Z454. Issue report on evaluation of the potential
for special sources of ground water at Yucca Mountain.

3'- Milestone Z360. Complete evaluation of the potential for
special sources of ground water at Yucca Mountain.

8.3.5.15-11
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Point
number Description

4 Analysis begins with decision that-analysis is needed based on
rresults from 8.3.5.15.1.1 (special sources of ground water);
information is also passed from Investigation 8.3.1.2.3 (site
saturated hydrologic.system) .an4 Section 8.3.5.13 (total
system performance).

5 Milestone Z455. Issue report on the calculations to determine
concentration of waste products in special source aquifers
over the first 1,000 yr after disposal.

's >
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8.3.5.16 Issue resolution strategy for Issue 1.7: Will the performance-
confirmation program meet the requirements of 10 CFR 60.137?

As discussed in Section 8.2.2.1.1.7, the performance confirmation
process begins during site characterization with baseline activities. The
testing activities described in the SOP that support the resolution of the -

Performance Issues 1.1 to 1.6 supply the baseline data upon which the
confirmation phase testing and monitoring is developed. Some of the site
characterization testing done to support the performance issue resolutions
may be continued into the confirmation phase (post-license application time
frame) if useful confirmation data can be gathered.

As mentioned in Section 8.2.2.1.1.7, until the detailed performance
assessments supporting the performance issue resolution are developed for the
license application, it is not possible to detail all the testing and
monitoring included in the confirmation phase. Table 8.3.5.16-1 identifies
the tests presently considered as confirmation phase testing, but which will
be initiated during site characterization. The primary purpose of these
tests is to generate confirmatory data but, because of the long time scales
required, they must be initiated during site characterization. This list is
not intended to be complete but rather to indicate the tests that have been
identified at this tipe. As issue resolution proceeds during site
characterization, additional confirmation phase testing and monitoring
activities will be identified.

8.3.5.16-1



Table 8.3.5.16-1. Confirmation phase testing initiated during site characterization

SOP section
Performance Approximate providing

Test title Location Purpose assessment analysis dates information

Heated rooms Repository level Evaluate large- Behavior.of under- 1991 to start 8.3.2.4,
of the explora- scale thermo- ground openings of reposi- 8.3.2.5,
tory shaft mechanical when heated t6ry con- 8.3.5.2,
facility behavior struction 8.3.1.15.1.6.5

Engineered Repository level Measure simula- Near-field ther- 1990 to two yr 8.3.4.2.4.4
barrier sys- of the explora- ted near-field mal, mechanical, after license
tem field tory shaft waste-package and hydrologic application
tests facility environment environment
(1 of 4)

2

I
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8.3.5.17 Issue resolution strategy for Issue 1.8: Can the demonstrations
for favorable-and potentially adverse conditions be made as
required by 10 CFR 60.122?

Regulatory basis for the issue

Postclosure PerformanceIssue 1.8 addresses the NRC siting criteria.
These criteria, set forth in 10 CFR 60.122, consist of two sets of conditions
that describe human activities and natural conditions, processes, and events.
The first 'set (10 CFR-60.122(b)) encompasses 8 favorable conditions (FCs)
that could enhance the ability of a site to meet the performance objectives
relating to-the isolation ofvwaste if they were present at the site. These
favorable conditions are shown in Table-8.3.5.17-1.- The second set (10 CFR
60.122(c))-encompasses 24 conditions (potentially adverse conditions, or
PACs) that could adversely affect the ability of a site to meet the perfor-
mance objectives relating to the isolation of waste if they were present at
the site. These potentially adverse conditions are shown in Table

'The siting criteria-also include-requirements for the demonstrations
that must be made regarding these conditions.' For each potentially adverse
condition determined to be present,- the'NRC requires that the following be
demonstrated:

(i) The potentially adverse human activity -or -natural condition has
'. been adequately investigated, including the extent to which the

condition may be present and still be undetected, taking into
account the degree of resolution achieved by the investigations;
and

(ii) The effect of the potentially adverse human activity or natural
*condition on the- site has been adequately :evaluated using analyses

-which are sensitive to the potentially adverse human activity or
natural condition' and assumptions which are not likely to under-
estimate its effect; and

(iii) (A) The potentially adverse human activity or natural condi-
tion is'shown by analysis pursuant to paragraph
(a)(2)(ii) of this section not to affect significantly

.- the ability of the geologic repository to meet the
-performance objectives relating to isolation of the
waste, or

(-B) The effect of~the potentially adverse human activity or
natural condition is 'compensated' by the presence of a
combination of the favorable characteristics so that the
performance objectives relating to isolation of the waste
are met, or - ' -

(C) The potentially adverse human activity or-natural
condition'can be remedied.

8.3.5.17-1



CONSULTATION DRAFT

Table 8.3.5.17-1. Favorable conditions, Performance Issue 1.8 (Nuclear -
-Regulatory Commission siting criteria)a
(Page 1 of 2) -

Favorable condition Text of the Condition

The nature and rates of tectonic, hydrogeologic,
geochemical,.and geomorphic processes (or any of
such processes) operating within the geologic
setting during the Quaternary Period, when
projected, would not affect or would favorably
affect the ability of the geologic repository to
isolate the waste.

2 For disposal in the saturated zone, hydrogeologic
conditions that provide -
(i) A host rock with low horizontal and vertical
permeability;
(ii) Downward or dominantly horizontal hydraulic,
gradient in the host rock and immediately
surrounding hydrogeologic units; and
(iii) Low vertical permeability and low hydraulic
gradient between the host rock and the surrounding
hydrogeologic units.

3 Geochemical conditions that -

(i) Promote precipitation or sorption of
radionuclides;
(ii) Inhibit the formation of particulates,
colloids, and inorganic and organic complexes that
increase the mobility of radionuclides; or
(iii) Inhibit the transport of radionuclides by
particulates, colloids, and complexes.

4 Mineral assemblages that, when subjected to antici
pated thermal loading, will remain unaltered or
alter to mineral assemblages having equal or
increased capacity to inhibit radionuclide
migration.

5 Conditions that permit the emplacement of waste at a
minimum depth of 300 meters from the ground
surface. (The ground surface shall be deemed to be
the elevation of the lowest point on the surface
above the disturbed zone.)

B A low population density within the geologic setting
and a controlled area that is remote from
population centers.

8.3.5.17-2
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Table 8.3.5.17-1. Favorable conditions, Performance Issue 1.8 (Nuclear
Regulatory Commission siting criteria)"
(Page 2 of 2)

Favorable condition Text of the Condition

7 .Pre-waste-emplacement travel-time along the fastest
path of likely radionuclide travel from the
disturbed zone to the accessible environment that
substantially exceeds 1,000 years.

8 For disposal in the unsaturated zone, hydrogeologic
conditions that provide-
(i) Low moisture flux in the host rock and in the
overlying and underlying hydrogeologic units;
(ii) A water table sufficiently below the
underground facility such that fully saturated
voids contiguous with the water table do not

- encounter the underground facility;
(iii) A laterally extensive low-permeability
hydrogeologic-unit above the host rock that would
inhibit the downward movement of water or divert
downward moving water to a location beyond the
limits of the.underground facility;
-(iv) A host rock that provides for free drainage;
or (v) A climatic regime in which the average
annual historic precipitation is a small percentage

- of the average annual potential evapotranspiration.

Quoted from 10 CFR 60.122 (b).
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Table 8.3.5.17-2. Potentially adverse conditions, Performance Issue 1.8
(Nuclear Regulatory Commission siting criteria)a
(Page 1 of 4)

Potentially adverse condition Text of the condition

I - Potential for flooding of the underground
facility, whether resulting from the
occupancy and modification of floodplains
or from the failure of existing or
planned man-made surface water
impoundments.

2 : -~ Potential for forseeable human activity to
adversely affect the ground-water flow
system, such as ground-water withdrawal,
extensive irrigation, subsurface
injection of fluids, underground pumped
storage, military activity or
construction of large scale surface water
impoundments.

3 Potential for natural phenomena such as
landslides, subsidence, or volcanic
activity of such magnitude that
large-scale surface water impoundments
could be created that could change the
regional ground-water flow system and
thereby adversely affect the performance
of the geologic repository.

4 Structural deformation, such as uplift,
subsidence, folding or faulting, that may
adversely affect the regional
ground-water flow system.

5 Potential for changes in hydrologic condi-
tions that would affect the migration of
radionuclides to the accessible environ
ment, such as changes in hydraulic grad-
ient, average interstitial velocity,
storage coefficient, hydraulic
conductivity, natural recharge,
potentiometric levels, and discharge
points.

8 Potential for changes in hydrologic condi-
tions resulting from reasonably
forseeable climatic changes.

8.3.5.17-4
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Table 8.3.5.17-2. Potentially-adverse conditions, Performance Issue. 1.8
(Nuclear Regulatory Commission siting criteria))
(Page 2 of 4)

Potentially adverse condition - Text of the conditioan

7 Ground-water conditions in the host rock,
including chemical composition, high
ionic strength, or ranges of Eh-pH, that
could increase the solubility or chemical
-reactivity of the engineered barrier
system.

* .8,g r .-. '-.;'. . Geochemical processes that would reduce
sorption of radionuclides, result in

-degradation of the rock strength, or
adversely affect the performance of the
engineered barrier system.,

-. - -. - Ground-water conditions in the host rock
that are not reducing.

- -10 - - -- -- Evidence of dissolutioning such as breccia
pipes, dissolution cavities or brine
pockets.

- 11 Structural deformation, such as uplift,
subsidence, folding, and faulting, during
the Quaternary Period.

12 Earthquakes that have occurred historically
that if they were to be repeated could
affect the site significantly.

13 Indications, based on correlations of
-earthquakes with tectonic processes and
features, that either the frequency of
occurrence or magnitude of earthquakes
may increase.

-14 ;- More frequent occurrence of earthquakes or
-~ . . earthquakes of higher magnitude than is

typical of the area in which the geologic
setting is located.

15 A 4, '', -Evidence of igneous activity since the
start of the Quaternary Period.

16 Evidence of extreme erosion during the
Quaternary Period.

8.3.5.17-5
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Table 8.3.5.17-2. Potentially adverse conditions, Performance Issue 1.8
-. .(Nuclear Regulatory Commission siting criteria)a

(Page 3 of 4)

Potentially adverse condition Text of the condition

17 The presence of naturally occurring
materials, whether identified or
undiscovered, within the site, in such a
form that:
(i) Economic extraction is currently
feasible or potentially feasible during
the forseeable future; or
(ii) Such materials have a greater gross
value or net value than the average for
areas of similar size that are
representative of and located within the
geologic setting.

18 Evidence of subsurface mining for resources
within the site.

19 Evidence of drilling for any purpose within
the site.

20 Rock or ground-water conditions that would
require complex engineering measures in
the design and construction of the
underground facility or in the sealing of
boreholes and shafts.

2i Geomechanical properties that do not permit
design of underground openings that will
remain stable through permanent closure.

22 Potential for the water table to rise
sufficiently so as to cause saturation of
an underground facility located in the
unsaturated zone.

23 Potential for existing or future perched
water-bodies that may saturate portions
of the underground facility or provide a
faster flow path from an underground
facility located in the unsaturated zone
to the accessible environment.

8.3.5.17-8
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Table 8.3.5.17-2.. Potentially adverse conditions, Performance Issue 1.8
- (Nuclear Regulatory Commission siting criteria).a
- (Page 4 of 4)

Potentially adverse condition text of the condition

24 - Potential for the movement of radionuclides
in a'gaseous'state through air-filled
pore spaces of an unsaturated geologic
medium to the accessible environment.

aQuoted from 10 CFR 60.122(c).

The demonstration requirements-for the favorable conditions are not as
explicit as-the requirements for the potentially adverse 'conditions. The,
NRC, in 10 CFR 60.122(a)(1), requires that

A geologic setting shall exhibit an appropriate combination of the..'.
-[favorable conditions]-..so that, together with the engineered
barrier-system,-the favorable conditions present are sufficient to
provide reasonable assurance that the performance'objectives "relating to
isolation of the waste will be met. - '

This requirement from 10 CFR Part 60 indicates that a site judged
suitable for a repository does not necessarily have all favorable conditions.
To demonstrate that the combination.of conditions is appropriate, the safety-
analysis report in the license application to the NRC is required to contain
lanalyses to determine the degree to which each of the favorable and'poten-
tially adverse conditions, if present, has been characterized, and the extent
to which it contributes to or detracts from isolation' (60.21(c)(1)(ii) (B)).
For those potentially adverse conditions that could detract from isolation, '
the-NRC allows a site to rely on the favorable conditions present at the site
to compensate for the potentially adverse conditions (60.122(a)'(2) (iii) (B)).
Thus, the presence of-favorable-conditions is expected to contribute sub-
stantially to the demonstration of reasonable assurance, and their functions'
in enhancing isolation will be included explicitly, whenever it is feasible
to do so, in calculations demonstrating compliance with the performance
objectives. ' ' -

Approach to resolving the issue

Because 10 CFR 60.122 addresses two kinds of conditions, two strategies
for resolving-this issue-'have been-developed and are described in the
following section. The first addresses the-demonstrations required for the'
potentially adverse conditions, and the second addresses the demonstrations''
required for the favorable conditions. There is a strong tie between these-
strategies and the strategy for resolving Issue 1.1 (Section 8.3.5.13).
Issue .1.1 addresses the'NRC's overall system performance objective (10 CFR
60.112).' The strategies for Issue 1 8 (Section 8.3.5;17)-ensure that the '

8.3.5.17-7



w CONSULTATION DRAFT

overall system performance assessment conducted through Issue 1.1 considers
the site characteristics with which the NRC is concerned, specifically the
favorable and potentially adverse conditions of 10 CFR 60.122. To conduct a
realistic performance assessment, Issue 1.1 will rely upon input from Issue
1.5 (engineered barrier system release rates), which must in turn consider
the site conditions specified in 10 CFR 60.122. -The strategy for resolving
Issue 1.1 is discussed in detail in Section 8.3.5.13.

Issue 1.8 has many similarities to Issue 1.1; the two issues take many
of the same site conditions into account, and both deal with the effects of
site conditions on the isolation of the waste. They do not, however, have to
be structured. identically. Although each of the two issues will require both
quantitative and qualitative arguments for resolution, the DOE expects that
the resolution of Issue 1.8 will rely more heavily on expert geotechnical
judgment. The resolution of Issue 1.1 will result in a definitive quantita-
tive demonstration of compliance by the construction of the cumulative
complementary distribution function. This resolution will rely on qualita-
tive reasoning primarily for the justification of the conceptual models it
uses and for showing the reasonable assurance required by 10 CFR 60.101.
Because 10 CFR 60.122 makes explicit reference to meeting the waste-isolation
performance objectives, the resolution of Issue 1.8 cannot be wholly qualita-
tive. It can, however, be a forum for full expression of sound qualitative
technical judgment on the site's ability to isolate waste. The DOE expects
that such judgments can frequently be made without recourse to complex calcu-
lations of releases to the accessible environment; for example, modeling of
ground-water flow may be used to address increases in water-table elevations
and in infiltration. Such simpler calculations and the use of expert
geotechnical judgment will play important roles in the resolution of
Issue 1.8.

Strategy for addressing the potentially adverse conditions

In 10 CFR 60.122 the NRC states that these conditions are potentially
adverse if they are characteristic of the controlled area or may affect
isolation within the controlled area. If present, these conditions could
significantly affect the ability of a site to meet the performance objectives
relating to isolation of waste. Therefore, each PAC must be investigated to
determine whether the condition is present at the Yucca Mountain site, what
effects the PAC could have on the site's ability to isolate waste, and
whether the effects, if any, are significant.

Figure 8.3.5.17-1 shows the major steps that the DOB intends.to take in
resolving Issue 1.8 for each potentially adverse condition (PAC) listed.in
10 CFR 60.122. The figure, which is an expansion of the general issue-
resolution strategy shown in Section 8.1, outlines the licensing strategy and
the subsequent steps that will lead to the final resolution of Issue 1.8 for
each PAC. As explained in detail below, certain steps in the licensing
strategy--i.e., the steps up to the collection of site characterization
data--were carried out in preparing this section and have been used in the
development of the site characterization program presented in other parts of
Section 8.3..

The following detailed explanation of Figure 8.3.5.17-1 describes the
steps and the reasoning behind them. The explanation is intended to guide

8.3.5.17-8
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the reader's understanding of the detailed discussions presented later in
Section 8.3.5.17 that explain how the licensing-strategy decisions were made
for each PAC. To keep the section as concise as possible, those detailed
discussions omit many of the general principles that underlie the strategy.
The following explanation-supplies those principles. The steps in the figure
are numbered to aid the reader in following the explanation.

The first step in the licensing strategy for dealing with each PAC is to
adopt a tentative strategy on whether the license application will show that
the PAC is present at the Yucca Mountain site (step 1). This decision has
been based on the evidence currently available to the DOB. As Section 8.1
explains in detail, the tentative decisions adopted in the development of
licensing strategies will be changed if evidence acquired in the future shows
them to be technically unsound. For now they are simply a basis for planning
site characterization.

Strategy for addressing PACs with preliminary findings not present at
the site--The major branch on the right side of Figure 8.3.5.17-1 shows the
steps to be followed to-test the hypothesis that a PAC is not present at the
site. If the available data show conclusively that the condition is not
present (step 2), the issue will be resolved simply by reporting those data
(step 3). If the available data are not conclusive, the strategy will follow
the remainder of the major branch.

Step 4 shown in Figure 8.3.5.17-1 is an examination of the performance
allocation in Issue 1.1. The reason for this step and for two other steps
near it in the diagram (5, 6) is the following: a major premise of the
licensing strategy for Issue 1.8 is that most of the data needed for resolu-
tion are already called for by other issues. Issue 1.1 (total-system perfor-
mance) is the principal issue that calls for data needed in resolving Issue
1.8 because it is the issue that must consider all the credible scenarios for
future events and processes at the site. The list of PACs in 10 CFR 60.122
includes many conditions that might serve as initiating events for credible
disruptive scenarios, and for that reason Issue 1.1 has used the list in
allocating performance for the assessment of such scenarios. Furthermore,
the allocation of performance for the scenarios has relied on the technical
judgment of both performance-assessment and geoscience personnel; this effort
has been intended to make the allocations in Issue 1.1 responsive to the data
needs of Issue 1.8, as well as to the need to address the overall system
performance objective adequately.

Thus, Step 4 in Figure 8.3.5.17-1 is a decision on whether the perfor-
mance allocation for the nominal and disruptive scenarios in Issue 1.1 calls
for the data needed for testing the hypothesis that the PAC is not present.
If such data are not called for in Issue 1.1, other issues are examined to
see whether they address the PAC by calling for the needed data (step 5). If
no issue that addresses the PAC is found, the strategy calls for a separate
development of data needs for testing the hypothesis that the PAC is not
present (step 8).

If Issue 1.1 or some other issue addresses the PAC, the licensing strat-
egy for Issue 1.8 proceeds by examining the allocation made in that issue
(step 7). If the site characterization information called for there is
judged to be adequate for testing the hypothesis that the PAC is not present,

8.3.5.17-10



CONSULTATION DRAFT

the allocation is adopted as the licensing strategy for collecting the data
needed for resolving the PAC (step 8). As the detailed descriptions of the
licensing strategy for each PAC show, Issue 1.1 usually contains an adequate
allocation because the PACs were specifically used in constructing the
strategy for its resolution. If the allocation is judged' inadequate,'the
strategy requires a separate development of the data needed for resolution
(step 6). (The DOE has carried out the work described in the steps leading
to this-point, and the results are described in the detailed discussion of
the strategy for each PAC.) Data called for by the licensing strategy will
be collected through the site characterization program (described in other
sections of the SCP); the diagram shows this collection in a single box (step
8)..

The remaining steps in Figure 8.3.5.17-1 describe the DOE plans for work
after site characterization has provided the requested information. The DOE
will decide whether the data are adequate for testing the hypothesis that the
PAC is not present (step 9). In other words, the DOE will decide whether the
investigation that provided the data is likely to be judged adequate in the
licensing proceedings. If the investigation is found adequate, the DOE will
consider the issue resolved (step 10). If the investigation is not found
adequate, the DOE must decide (step 11) whether the information suggests a
change in the overall strategy for the PAC: should the strategy be to test
the hypothesis that the PAC is present? If the answer is yes, the steps to
be followed appear in the left branch of Figure 8.3.5.17-1. If the answer is
no, the DOE will develop new data needs that will provide an adequate
investigation (step 6), and the collection of data (step 8) will begin again.

Demonstration strategy for PACs present at the site--For PACs present at
the site, 10 CFR 60.122 offers three options for demonstrating that they do
not compromise the ability of the site to isolate the waste. Currently,
however, the DOE feels that all the PACs that are present can.be shown to
meet the particular option allowing for the PACs to be shown 'not to affect
significantly the ability of the geologic repository to meet the performance
objectives relating to isolation of the waste.' The strategy shown as the
major branch on the left side of Figure 8.3.5.17-1 assumes that those PACs
will be treated in'the license application according to that option. Figure
8.3.5.17-1 uses the word 'significant' as a short form to refer to the
option. The possible use of the other two choices appears in the strategy
much later--to be used if evidence suggests that'the site characterization
data will not demonstrate insignificance.

The first steps in the left branch of Figure 8.3.5.17-1 are 'similar to
the first steps in'the right branch. The strategy calls first for an-'
examination of Issue 1.1 to see whether the PAC is addressed'in the nominal:
and disruptive scenarios there (step 12); for the reasons explained above,'
Issue 1.1 is a likely issue in which to find considerations of PA~s because
it uses the PACs in identifying the scenarios that are credible at the site.
If the PAC is not addressed there, other issues are examined to see whether
they address the PAC (step 13). If.no issue addresses it, the DOE will
develop a new performance allocation--i.e., a scenario and the set of data
needed for showing the presence and significance of the PAC (step'14).
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If an issue is found to address the PAC, the performance allocation in
the issue is examined to see whether the data it calls for appear adequate
for determining the presence and significance of the PAC (step 15). If the
data appear adequate, they are adopted for resolving Issue 1.8. If they do
not, the DOE constructs a new performance allocation based on the strategy
for showing the presence of the PAC and determining its significance (step
14). (The work described in the steps leading to this point has been done,
and the results are described in the explanation of the strategy for each
PAC). The data called for by the licensing strategy will be collected as
part of the site characterization program described in other sections of the
SCP (step 15).

The remainder of the left branch of Figure 8.3.5.17-1 describes the
issue-resolution steps that the DOE expects to take after site characteriza-
tion has provided the needed information. The collected data may show that,
contrary to the expectation embodied in the licensing strategy, the PAC is
not present at the site (step 17). If it is not present, the DOE will change
the strategy for dealing with the PAC, and the figure therefore shows a
decision that leads to the major right branch of the diagram (step 2).

-The statements-of some PACs in 10 CFR 60.122 do not refer simply to the
presence of a condition; for such a PAC to be shown present, the condition
must be shown to adversely affect the performance of a repository. For
example, PAC 5 refers not simply to the presence of a potential for changes
in hydrologic conditions but to the presence of a potential for changes 'that
would affect the migration of radionuclides to the accessible environment.s
Such PACs cannot be shown to be present in step 17 alone. Their presence can
be shown only after subsequent steps in the strategy have examined their
effect on performance, which, as explained above, Figure 8.3.5.17-1 refers to
as their significance.8

If step 17 has failed to show that the PAC is not present at the site,
the DOE will use the site characterization information in analyses intended
to determine whether the PAC is significant in the sense of 10 CFP 60.122
(step 18). These analyses will not necessarily trace the contribution of the
PAC to the full cumulative complementary distribution function (CCDF)
required for resolving Issue 1.1 (Section 8.3.5.13). An elaborate model of
the total system will be used in deriving the CCDF, but it will often be
possible to use simpler models of the system or its subsystems to see whether
the presence of a PAC changes the characteristics (e.g., the performance
parameters) of the site enough to affect waste isolation. The analyses of
significance will include sensitivity and uncertainty studies in order to
provide confidence that the conclusions derived from the system or subsystem
analyses are justified by the data they use and the assumptions they make.
Step 18 in Figure 8.3.5.17-1 represents the performance of these analyses.

All these analyses--(calculations using total-system models or simpler
subsystem models, sensitivity studies, uncertainty studies)--will contribute
to the decision on whether the PAC is significant. That decision, shown as
step 19 in the figure, will rely on both the results of the analyses and
expert professional judgment in the technical fields appropriate to studies
of the PAC. Whether the decision is that the PAC is or is not significant,
several steps remain in the strategy before the issue can be resolved, and
Figure 8.3.5.17-1 shows a separate branch for each of the two outcomes.
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If the analyses fail to show that the PAC is not significant, the
analyses themselves must be examined to make sure that the methods they use
are realistic representations of the effects of the PAC (step 20). The
reason such an examination is necessary is that many analyses of repository
performance will make conservative assumptions intended to overestimate
adverse effects. Such assumptions are usually appropriate for licensing
decisions because they-contribute to the required reasonable assurance that
the.performance objectives will be met. Moreover, they generally make the
analyses easier to perform and easier to understand than the complex analyses
that are less conservative but more realistic. If these assumptions are
overly conservative, however, predictions based on them could overestimate
the effects of a PAC so severely that the actual effects of the PAC would be
obscured, Before concluding that a PAC has significant effects on perf or-
mance, therefore, the DOE would examine the methods used in the analyses of
significance to be sure that they are realistic enough to give reliable
predictions. Figure 8.3.6.17-1 shows this step (20) as a decision in the
issue-resolution strategy. Step 20 also shows an examination of whether the
site characterization investigations have been adequate for the determination
of significance. If the analyses are found realistic and the investigations
adequate, the DOE will abandon the strategy of showing that the PAC is
present and not significant...

The next step,.shown in Figure 8.3.5.17-1, is to decide whether the
strategy should adopt either of the other two options--remediation or
compensation byta combination of favorable conditions--for showing that the
PAC does not compromise waste isolation (step 21). If neither option appears
feasible for the PAC, the DOE expects to interpret the analyses as showing
that the PAC is present and does indeed compromise performance (step 22). If
one of the options appears feasible, the DOE expects, as shown in'the
diagram, to develop a new strategy showing that remediation or compensation
can be demonstrated and that the PAC will not compromise performance (step
23).

If, on the other hand, either the analyses or the investigation is found
unacceptable, the strategy calls for the DOE'to reformulate the analysis
methods or the scope of the investigations'in an attempt to make the decision
on significance better reflect the conditions at the site (step 24). As
Figure 8.3.5.17-1 shows, such a step would be followed by a decision on
whether the new methods or the new scope requires that additional data be
collected (step 25).. If more data are needed, new data needs are developed
(step 26), and the strategy calls for a reiteration through the collection of
data., If more data are not needed, the strategy calls for the question of
significance to be revisited through new calculations (step 18).

If the analyses of significance show the PAC to be not significant, the
strategy calls for answers to two-further questions that express requirements
of 10 CFR 60.122. The question shown first in Figure 83.5.1.7-1 asks whether
the investigations have been adequate (step 27). The DOE expects that this
question will be answered primarily through expert review of the data-
collection program; the regulations give no guidance on how the adeqzacy is
to be assessed. If the answer to thig question is no, new data needs will'be
developed to ensure that the progzas is adequate (step 28). If the answer is
yes, the strategy proceeds to the Heond question.
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The.second question addresses the requirement in 10 CFR 80.122(a)(2)(ii)
that the evaluation of the PAC be done with analyses that are sensitive to
"the potentially adverse human activity or natural condition' and that use
assumptions that Rare not likely to underestimate its effect' (step 29). The
DOE expects to perform sensitivity analyses as adjuncts'to the analyses of
significance. This work will demonstrate that the methods 'are sensitive in
the sense required, and it will contribute to a demonstration that the
effects have not been underestimated. Further examination of the answer to
this question will come from expert review of the analyses themselves.

If the answer to the second question is no, the strategy calls for the
cycle of reformulating the analysis methods and investigations (step 24),
possibly collecting more data (steps 25, 26, and 16), and again evaluating
the significance of the PAC (step 18). If the answer is yes, the PAC will
have been shown to be present but not to significantly affect the ability of
the site to isolate waste (step 30).

It should be emphasized that the DOE does not expect to perform steps
20, 27, and 29 only in the strict order shown in Figure 8.3.5.17-1. The
questions of adequacy and realism will not, for example, be left unexamined
until the analyses have been finished. These questions will be considered'
throughout site characterization as the DOE constructs and manages a program
that will produce the information needed for the license application. The
actual order of these steps is somewhat arbitrary; the important point to be
drawn from the figure is that they must all be completed before Issue 1.8 can
be resolved.

Strategy for favorable conditions

Figure 8.3.5.17-2 shows the major steps that the DOE intends to take in
resolving Issue 1.8 for each favorable condition (FC) listed in'10 CFR
60.122. The figure, which is an expansion of the general issue-resolution
strategy shown in Section 8.1, outlines the licensing strategy and the subse-
quent steps that will lead to the final resolution of Issue 1.8 for each FC.
The steps in the licensing strategy--i.e., the steps up to the collection of
site characterization data--were carried out in preparing this section, and
have been used in the development of the site characterization program
presented in other parts of Section 8.3.

The following detailed explanation of the figure describes all the steps
and the reasoning behind them. The explanation is intended to guide the
reader's understanding of the detailed discussions that, later in Section
8.3.5.17, explain how the licensing-strategy decisions were made for each.FC.
To keep the section as concise as possible, those detailed discussions omit
many of the general principles that underlie the strategy they follow. The
following explanation supplies those principles. The steps in the figure are
numbered to aid the reader in following the explanation.

The first step in the licensing strategy for dealing with each FC is to
adopt a tentative strategy on whether the license application will show that
the Fe is present at the Yucca Mountain site (step 1). This decision has
been based on the evidence currently available to the DOE. As Section 8.1
explains in detail; the tentative decisions adopted for licensing strategies
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Figure -. 3.5.17.-2. togic diagram for.resolving Issue 1.8 for favorable conditions (FCs). The text discussion is
keyed to the numbers in this 4iagram. - :
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will be changed if evidence acquired in the future shows them to be techni-
cally unsound. For now they are simply a basis for planning site character-
ization.

If the DOE adopts a strategy for showing that the FC is not present at
the site, no further action is planned (step 2). As far as the FC is
concerned, Issue 1.8 will have been resolved, and the FC will be assumed in
the license application to be not present at the site.

If the DOE adopts a strategy for testing the hypothesis'that the FC is
present at the site, several steps remain to be carried out before the issue
can be resolved. The strategy calls first for an examination of Issue 1.1 to
see whether the performance allocation there calls for site characterization.
data that can be used in determining whether the FC is present. As discussed
in the explanation of the strategy'diagram for potentially adverse conditions
(Figure 8.3.5.17-1), the reason for this step and for two other steps near it
in the diagram is the following: a major premise of the licensing strategy
for Issue 1.8 is that most of the data needed for resolution are already
called for by other issues. Issue 1.1 (total system performance) is the
principal issue that calls for data needed in resolving Issue'1.8. It is
particularly important to the strategy for dealing with FCs. The list of FCs
in 10 CFR 60.122 includes many conditions that are expected to contribute to
the performance of the Yucca Mountain site; these conditions are included in
the scenarios that Issue 1.1 has developed for allocating performance to the
elements of the site that will contribute to isolating the emplaced waste.
This allocation of performance has relied on the technical judgment of both
performance assessment and geoscience personnel; this reliance has been
important in making sure that the allocations in Issue 1.1 are responsive to
the qualitative as well as the quantitative data needs of Issue 1.8.

The next step in Figure 8.3.5.17-2, therefore, is a decision on whether
the site characterization data called for in the performance allocation for
Issue 1.1 appear adequate for testing the hypothesis that the FC is present
(step 3). If these data appear adequate, they are adopted as the licensing
strategy for collecting the data that will determine the presence or absence
of the FC. If the data in Issue 1.1 do not appear adequate, other issues are
examined to see whether they call for the needed data (step 4). If no issue
that addresses the FC is found, the strategy calls for a separate development
of data needs for testing if'the FC is present (step 5). Site characteri-
zation can then proceed to collect the needed data (step 6). The steps shown
in Figure 8.3.5.17-2 up to the collection of data have been carried out and
are reported later in this section. In actual practice, as the detailed
descriptions of the individual FCs point out, the data called for by Issue
1.1 have proved sufficient for defining the strategy for dealing with each
FC.

After the site characterization program has collected the data called
for in the licensing strategy, the DOB examines the investigation that
provided the data to decide whether the investigation is adequate for a
conclusive decision on the presence or absence of the FC. This decision will
be based on expert judgment after a careful review of the site studies (step
7). If the investigation is found to have been inadequate, the DOE will
develop a new set of data needs for deciding on the presence or absence of
the.FC, as the figure shows in a return to an earlier step (5). It should be
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emphasized that the DOE will not actually wait until after site
characterization to examine the adequacy of the investigation. Such
examination is a part of planning the investigations, and it will continue
through the site characterization period. As shown in Figure 8.3.5.17-2,
however, an examination for adequacy must precede the determination of the
presence or absence of the FC.

If the investigation is found to have been adequate, the DOE will pro-
ceed to decide whether the FC is present or absent at* the site (step 8).
This decision Will be made primarily through expert judgment and peer review,
which will, of course, be aided by the quantitative data collected in
response to-the-calls'made by the licensing strategy. -If the FC is
determined in this way not to be present, Issue 1.8 will have been resolved
for the FC: the DOE, as shown in the diagram, will conclude that, contrary
to the tentative position adopted for the' licensing strategy, the PC is not
present at the site (step 2). If the determination is'that the FC is
present, Issue 1.8 will also have been resolved and the license application
will present' the analyses to show that the FC is present at the site (step
9). These analyses will explicitly take into account the functions of the
FCs in enhancing isolation; they are also expected to use the presence of FCs
in contributing to the demonstration of reasonable assurance.

Discussion of the potentially adverse conditions

This section presents individual discussions of the PACs listed in'
10 CFR 60.122. For each PAC the discussion identifies the tentative strategy
(present or not present) called for in step 1 of Figure 8.3.5.17-1. The
potential-effects'of the PAC- and their expected significance on performance
are discussed, and the site characterization data needed for addressing the
PAC are specified.7 The general method for identifying the needed data is
similar for each PAC; it is explained here to avoid repeating it in each
discussion.'

As-mentioned in the text accompanying the logic diagram'for dealing with
PACs (Figure 8.3.5.17-1), a preliminary set of scenarios has been developed
for Issue 1.1, which covers the overall performance objective on cumulative
radionuclide'release to the accessible environment. Because the number'of
different scenarios could be unmanageably large, they have been grouped into
classes; the scenarios within a class can be dealt'with similarly and require
similar data for this evaluation. These classes help to-focus the site
characterization program on potentially significant processesgand'events that
may affect the ability of the geologic repository to meet the system perfor-
mance objective. A scenario class (the nominal case) has been developed for
undisturbed conditions due to likely natural events. Other scenario classes
have been developed for disturbed -couditions,'i.e., those due to unlikely
natural events-'and human intrusion.- These scenario"classes are discussed in
detail in Section 8.3.5-.13. -'-

The~'preliminary scenario- classes focus on the particular events and
processes that are considered potentially significant for the Yucca-Mountain
site. Their development has taken into account the PACs specified in the '
siting criteria of 10 CFR 60.122; each PAC can be associated with one or more
of the scenario classes. Performance measures and goals consistent with
meeting the overall system performance objective have been selected for these
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scenario classes. Parameters and tentative parameter goals needed to
evaluate these performance measures have also been identified. (Section 8.1
explains the special meanings used in.performance allocation for such terms
as 'performance measure," 'goal,' and 'parameter.') The values chosen for
the parameter goals are consistent with -the performance-measure goals in the
following sense: if the parameter goals are achieved, the performance-
measure goals will probably also be achieved. In other words, the calcu-
lation of cumulative release to the accessible environment is likely to show
compliance with the overall performance objective if-the site characteri-
zation data provide confidence that the parameter goals have been met.

Because they were set for consistency with the overall-performance
objective, the goals for the parameters in a particular scenario class are
suitable for addressing the testing needed for the PACs associated with that
scenario class. The data needs for each scenario class have been derived
from the performance parameters, which address effects on waste isolation;
for this reason, they are considered appropriate for guiding the testing -

needed to determine the significance of the PACs associated with those
scenario classes. The application of this method for deriving data needs is
discussed for each PAC individually in this section.

This discussion reports a comparison of each PAC with the relevant
scenario classes, i.e., the comparison called for in steps 4, 7, 12, and 15
of Figure 8.3.5.17-1. This comparison uses available information and the
tentative strategy in examining the nominal and disruptive scenarios to
identify the relevant data needs:.

Information to determine the performance parameters for these scenario
classes will be obtained in the characterization programs. The complete
specification of the data needs for each potentially adverse condition,
therefore, includes (in addition to the relevant scenario classes' perfor-
mance parameters, and goals) the SCP sections that describe the characteriza-
tion programs to obtain the information needed to determine the parameters.
The following discussions of the PACs contain tables that summarize this
specification.'

The postclosure characterization programs are discussed in detail in
Section 8.3.1 according to the following topical breakdown: geohydrology,
geochemistry, rock characteristics, climate, erosion, dissolution, tectonics,
and human interference. These topical areas may be addressed in more than
one potentially adverse condition depending on the actual wording found in
10 CFR 60.122. Some readers may be interested in determining which potenti-
ally adverse conditions are of interest to particular technical disciplines.
To assist such readers, the following is a general guide stating the topical
breakdown in terms of the potentially adverse conditions they treat. Geohy-
drology data are requested by PACs 1 to 8, 11 to 15, and 22 to 24; geochem-
istry data by PACs 7 to 9 and 24; rock-characteristics data by PACs 4, 5, 7,
8, 11 to 14, 20, and 21; climate data by PACs 5, 6, 22, and 23; erosion data
by PAC 18; dissolution data by PAC 10; tectonics data by PACs 3 to 5, 7, 8,
11 to 15, 22, and 23; and human interference data by PACs 2, 5, 9, 17 to 19,
and 22.
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Potentially adverse condition 1: Potential for flooding of the underground
facility, whether resulting from the -
occupancy and modification of floodplains
or from the failure of existing or planned
man-made surface water impoundments.

This PAC addresses a condition occurring before closure that could
affect postclosure performance (statements of consideration, 10 CFR Part 60).
Flooding of the underground facility during the preclosure period could
result in conditions, such as'standing pools of water, that could adversely
affect the performance of the waste package.

-Because of the rugged terrain and meteorological conditions at the Yucca
Mountain site, local intense flooding occurs periodically in the normally dry
washes draining down from the Yucca Mountain ridge (Section 3.2.1). Prelimi-
nary investigations of the 100- and-500-yr floods have determined that the
100-yr flood would not exceed the banks of incised channels of Fortymile Wash
or its major tributaries (Yucca, Drill Role, and Busted Butte washes). The
500-yr flood, however, could exceed the banks of-Busted Butte and Drill Hole
washes. The available evidence, therefore, suggests that this PAC may be
present. The strategy for resolution of this PAC is to demonstrate that
although the condition is present, it will not significantly affect the
ability of the geologic repository to meet the performance objectives
relating to isolation of the waste.

This PAC is expected to be fully addressed by design of the systems that
will take into account the probable maximum flood (PMF) (Section 6.1.2.6).
This method has been successfully used by the U.S. Army-Corps of Engineers
for dam design and by'the nuclear power industry for protection' of safety-
related facilities. The underground entries'at the repository site will be
protected against the PMF by diverting the upland runoff. 'Also, finish grade
elevations will be set above the PdF levels.

Site characterization data will be collected in support of the design
activities-that will provide for this protection from preclosure flooding.
Those data are also, therefore, the data to be used in the resolution-of
PAC 1. They are developed and presented in Section 8.3.2.5, which also lists
the site characterization activities for collecting the data. The needed
information consists of the surface-hydrology data that will permit descrip-
tions of the 5-, 25-, 50- 100-, and 500-yr floods, the PMF, and the corres-
ponding areas of inundation. As explained in Section 8.3.2.5,.these data are
stream flow rates, quantities, 'durations for surface water systems'at the
site, and descriptions of channel morphology.

Because PAC 1 will be addressed by the design of the repository system,
its resolution, unlike that of most other PACs, does not depend on data-
called for by Issue 1.1. The strategy for resolving Issue 1.1 does not call
for explicit modeling of preclosure flooding of'the underground repository.7
Neither the nominal-case scenario nor the disturbed-performance scenario
classes include such flooding. If-it is determined later-that such a scen-
ario class'should be developed, the'information needed to-evaluate it-could
be found in the data needs of the scenario classes that address increased
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moisture flux through the-repository (scenario class C-1) and water-table
rise (scenario class C-2). These two scenario classes are discussed in
Section 8.3.5.13.

Potentially adverse condition 2: Potential for forseeable human activity to
adversely affect the ground-water flow
system, such as ground-water withdrawal,
extensive irrigation, subsurface injection
of fluids, underground pumped storage,
military activity or construction of large
scale surface water impoundments.

This PAC is concerned with future human activities that could alter the
ground-water flow system to adversely affect the waste-isolation capabilities
of a site. Isolation could be adversely affected, for example, by decreasing
the ground-water travel time to the accessible environment, thereby incre-
asing the rate of transport to the accessible environment of radionuclides
dissolved in the ground water. The strategy for resolution of this PAC is to
test the hypothesis that this condition is not present at the Yucca Mountain
site.

Assessing the potential for human activity at a site presents special
problems because of the dependence upon future, unpredictable activities of
humans (Section 8.3.1.9). Quantitative estimates of the absolute probability
of human activities (e.g., ground-water withdrawal) in the distant future may
not be feasible. For this reason, the DOE may not incorporate the effects of
such activities into the cumulative'probability distribution that will demon-
strate compliance with the overall performance objective in 10 CFR 60.112.
Instead, the DOE may consider such effects in separate evaluations. The
treatment of such events and processes will, however, follow an approach
similar to that for the natural processes and events: the effects of poten-
tially adverse human activities will be evaluated, appropriate scenario
classes will be developed, and relative probabilities and consequence for
these scenarios will be estimated. The data needed for resolving PAC 2 and
other conditions produced by human activity can be found among the scenario
classes of Section 8.3.5.13.

In the evaluation of future human activities that could affect post-
closure performance (in the overall system performance assessment), the
following were identified as potential future activities at the Yucca Moun-
tain site: exploratory drilling, extensive irrigation near the controlled
area, the construction of large-scale surface water impoundments near the
controlled area, extensive surface or subsurface mining near the controlled
area, and extensive ground-water withdrawal near the controlled area.
Preliminary disturbed-performance scenario classes have been developed for
these activities.

In the development of the scenario class for exploratory drilling, it
was concluded that significant adverse effects in the'ground-water flow
system are not sufficiently credible to warrant, consideration. For the other
scenario classes, it was concluded that potentially significant effects on
the ground-water flow system include an increase in percolation flux through
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the unsaturated zone, an increase in the ground-water-table altitude, changes
in rock-hydrologic properties of the unsaturated zone, an increase in head
gradients, and changes in rock-hydrologic properties of the saturated zone.

No scenario classes are developed explicitly for subsurface injection of
fluids, underground pumped storage, and military activity. Subsurface
injection of fluids and underground pumped storage are considered unlikely at
the Yucca Mountain site. The presence of ground-water resources at the site
preclude subsurface injection of fluids, and the geohydrologic conditions at
Yucca Mountain are not conducive to underground pumped storage. The DOE has
judged that additional site data are not needed to demonstrate that these
human activities are not likely to occur and that they are, therefore, not
likely to adversely affect repository performance. The strain generated from
large-scale weapons testing may have an effect on the hydrologic conditions
at the site; however, these effects are expected to be less significant than
those from natural seismic activity (Section 1.4). The seismic effects of
weapons testing are considered to be bounded by the scenario classes for
tectonic disturbances (see, for example, the discussions of PACs 3, 4, and
11)..'

Table 8.3.5.17-3 lists the scenario classes associated with this PAC
that are being investigated in the system performance assessments. The
performance parameters associated with these scenario classes are also shown.
The site characterization data to be collected to address this PAC are listed
by parameter category or set in Table 8.3.5.17-3. Table 8.3.5.17-3 also
references the section that discusses the data to be collected and the
associated studies and activities.

Potentially adverse condition 3: Potential for natural phenomena such as
landslides, subsidence, or volcanic
activity of such magnitude that large-scale
surface water impoundments could be created
that could change the regional ground-water
flow system and thereby adversely affect
the performance of the geologic repository.

This PAC is concerned with naturally formed surface-water impoundments
that could adversely affect postclosure performance at a site. For example,
if surface-water impoundments were to form, an increase in percolation
through the unsaturated zone, and subsequently an increase in radionuclide
transport rate, could result.

There is no substantial evidence of large-scale, rapid episodes of mass
wasting, such as rock slides, debris avalanches, and earth flows, at the site
(Section 1.1.3); thus, no disruptive scenario class was developed to explic-
itly address this process. Volcanic and tectonic processes, on the other
hand, are believed to have the potential to alter the topography in such a
way that surface-water impoundments could form over the next 10,000 yr. The
available information, however, indicates that these events are not likely to
adversely affect the performance of the geologic repository. Therefore, the
strategy for resolution of this PAC is to test the hypothesis that this
condition is not present at the Yucca Mountain site.
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Table 8.3.5.17-3. Scenario classes and parameters associated with potentially adverse condition 2a
(page 1 of 5)

b
SCP section Direct (D) or

Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or activity

Extensive irrigation
is conducted near
the C-areac (judged
not a credible
scenario; see
Section 8.3.1.9.3.2)

Expected magnitude of flux
change due to extensive
irrigation near C-area
over next 10,000 yr

No goal (human
activity)

8.3.1.9.3
Area irrigated,

net water con-
sumption, and
crop and evapo-
transpiration
rates

Infiltration
rates

Unsaturated-zone
flow model

8.3.1.9.3.2.2(D),
8.3.1.9.3.2

8.3.1.2.2.1.2

8.3.1.2.2.9 or 10

Expected magnitude of
change in head
gradients of the
saturated zone in
C-area due to exten-
sive irrigation
near C-area over
next 10,000 yr

No goal (human
activity)

8.3.1.9.3
Area irrigated,

net water con-
sumption, and
crop and evapo-
transpiration
rates

Infiltration
rates

Unsaturated-zone
flow model

Saturated-zone
flow models

8.3.1.9.3.2.2(D),
8.3.2.9.3.2

8.3.1.2.2.1.2

8.3.1.2.2.9 or 10

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

( ( (
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Table 8.3.5.17-3. Scenario classes and parameters associated with potentially adverse condition 2a

(page 2 of 5)

SCP section Direct (D) or
Tentative 'and parameter associated study

Scenario class Performance' parameter parameter goal category or set or activity

Expected magnitude of
change in altitude of
water table under C-area
due to extensive irriga-
tion near C-area over
next 10,,000 Yr

No goal (human
activity)

8.3,1.9.3
Area irrigated,

net.water con-
sumption, and
crop and evapo-
transpiration
rates

Infiltration
rates

Unsaturated-zone
flow model

Saturated-zone
flow models

8.3,.1.9.3.2.2(D),
8.3.2.9.3.2

8.3.1.2.2.1.2,

8.3.1.2.2.9 or 10

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

VI~

Extensive ground- ,
water withdrawal
occurs near-C-area

Expected magnitude of
changein water-table
Level due to' extensive
'ground-water withdrawal
near C-area in next
10,000 yr

No goal (human
activity),

8.3.1.9.3
Locations,.hydro-
.stratigraphic
sources, and
rates of
withdrawal

Baturated-zone
flow models

8.3.1.9.3 ..
Locations, hydro-

otratigraphic
sources,.and
rates of
withdrawal

8.3.1.9.2.2,
8.3.1.16.2.1

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Expected magnitude of
.changes in gradient
of water table under
C-area due to ground-
water withdrawal near

. C-area in next
10,000 yr . . I.

No goal (human
activity) 8.3.1.9.2.2,

8.3.1.16.2.1



Table 8.3.5.17-3. Scenario classes and parameters associated with potentially adverse condition 2a
(page 3 of 5)

b
SCP section Direct (D) or

Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or activity

Saturated-zone
flow models

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Extensive surface or
subsurface mining
occurs near C-area

Expected magnitude of
change in water-table
level due to mine
water use or mine
dewatering near C-area
in next 10,000 yr

No goal (human
activity)

8.3.1.9.3
(No change

expected)
Rates and loca-

tions of
dewatering

Saturated-zone
flow model

8.3.1.9.3.2.2

8.3.1.2.3.3.3

Expected magnitude of
change in gradient
of water table under
C-area due to extensive
surface or subsurface
mining near C-area in
next 10,000 yr

No goal (human
activity)

8.3.1.9.3
(No change

expected)
Rates and loca-

tions of
dewatering

Saturated-zone
flow model

8.3.1.9.3.2.2

8.3.1.9.3.2.2

8.3.1.2.3.3.3

Large scale surface-
water impoundments
are constructed
near the C-area

Expected magnitude of
flux change due to
presence of an arti-
ficial lake near
C-area in next 10,000 yr

No goal (human
activity)

8.3.1.9.3
(No change

expected)
Area, depth,

flow input,
rate of
impoundment

8.3.1.9.3.2.2(D),
8.3.1.9.3.2

C ( C
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Table 8.3.5.17-3. Scenario classes and parameters associated with potentially adverse condition 2a
(page 4 of 5)

SCP section Direct (D)b or
Tentative and parameter associated study

Scenario class Performance parameter parameter goal category or set or activity

01

01.

Expected magnitude of
change in water-table
level due to placement
of artificial lake near
C-area in next 10,000 yr

Expected magnitude of
changes in head
gradients of the
saturated zone in
C-area due to
presence of an
artificial lake
,near C-area in next
10,000 yr

No goal (human
activity)

I s,

No goal (human
activity)

Infiltration/
percolation
rates

Unsaturated-zone
flow model

8.3.1.9.3
(No change
expected)

Area, depth,
flow input,
rate of
impoundment

Infiltration/
percolation
rates

Unsaturated- zone
flow model

Saturated-zone
flow models

8.3.1.9.3
(No change
expected)

Area, depth,
flow input,
rate of
impoundment

Infiltration/
percolation
rates

8.3.1.2,.2.1.2

8.3.1.2.2.9

8.3.1.9.3.2.2(D),
8.3.1.9.3.2.2

8.3.1.9.3.2

8.3.1.2.2.1.2

8.3.1.2.2.9 or 10

8.3.1.2.3.3.3

8.3.1.9.3.2.2(D),
8.3.1.0.3.2.2

8.3.1.0.3.2

8.3.1.2.2.1.2



Table 8.3.5.17-3. Scenario classes and parameters associated with
(page 5 of 5)

potentially adverse condition 2

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activity

Unsaturated-zone
flow model

Saturated-zone
flow models

8.3.1.2.2.9 or 10

8.3.1.2.3.3.3

Exploratory drilling
intercepts a waste
package and brings
waste up with core
or cuttings

Presence and readability
of C-area markers
over next 10,000 yr

Show there is
>50% chance
that markers
are readable
over next
10,000 yr

8.3.1.9
Rates of pro-

cesses de-
creasing sur-
vival period,
visibility, or
readability
of markers

8.3.1.9.3.1.1(D),
8.3.1.9.1.1

aInformation on scenario classes, performance parameters, and tentative parameter goals is from
Section 8.3.5.13.

CStudy or activity directly addresses scenario.
C-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.
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Additional information is required for testing the presence or absence
of this PAC. Information to be obtained in the site characterization program
with regard to the effect of natural surface-water impoundments is defined
by disturbed-performance scenario classes. The relevant scenario classes
defined in Section 8.3.5.13 are identified in Table 8.3.5.17-4, which also
gives the associated parameters and goals. The site characterization data to
be collected to address this PAC are listed by parameter category or set in
Table 8.3.5.17-4. Table 8.3.5.17-4 also references the section that dis-
cusses the data to be collected and the associated studies and activities.

Potentially adverse condition 4: Structural deformation, such as uplift,
subsidence, folding or faulting, that may'
adversely affect the regional ground-water
flow system.

This PAC is concerned with future structural deformation and tectonic
activity that could affect the regional ground-water flow system in such a
way that a site's ability to isolate waste would be impaired. The flow
system could, for example, be disrupted if tectonic processes could increase
the percolation flux through the repository horizon, increase the altitude of
the ground-water table, change the head gradients in the saturated zone, or
create surficial discharge points within the boundaries of the accessible
environment.

2
Quaternary rupture on 32 faults within an 1,100-km area surrounding the

site has been documented, with evidence of movement on five of the faults
within the past 270,000 yr (Section 1.3.2). Also, the region is currently
undergoing active lateral crustal extension. Local patterns of uplift,
tilting, and subsidence near Yucca Mountain are typical of shallow crustal
response to regional extension and attendant volcanic activity in the Great
Basin (Section 1.3.2.4).

According to the available information, these conditions are not likely
to affect significantly the ability of the geologic repository to meet the
performance objectives relating to isolation of the waste. The strategy for
resolution of this PAC is to test the hypothesis that this condition is not
present at the Yucca Mountain site.

Additional information is required for evaluating the presence or
absence of this PAC. Faulting, folding, uplift, or subsidence that could
affect the ground-water flow system in such a way as to significantly
increase the probability of cumulative releases to the accessible environment
was found unlikely or not credible during the development of the scenario
classes for disturbed performance of the geologic repository (see Section
8.3.5.13). The nominal-case scenario includes these tectonic processes only
at their expected rates, which would not produce significant effects.
Therefore, the information needed to investigate such effects is to be
obtained in terms of scenario classes for unlikely natural events. Table
8.3.5.17-5 lists the scenario classes similar to those that will be
considered in the overall system performance assessment, and the performance
parameters that will be addressed. To address this PAC explicitly, the
tectonic scenario classes listed in Table 8.3;5.17-5 will be considered on a
broader, regional scale, rather than the controlled-area scale that is
addressed in the total system performance assessment. ' Table 8.3.5.17-5 also

8.3.5.17-27



Table 8.3.5.17-4. Scenario classes and parameters associated with potentially adverse condition 3a
(page I of 2)

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activity

Offset on fault creates
surface impoundments,
alters drainage,
creates perched
aquifers, or changes
dip of tuff beds

Probability of offset
>2 m on faults in the
C-areac in 10,000 yr

Probability of changing
dip by >2 in 10,000
yr by faulting

<10I 8.3.1.8
Vertical slip

rate and
recurrence
intervals

8.3.1.8.3.1.5(D),
8.3.1.8.3.1.3,,
8.3.1.17.4.6.2,
8.3.1.17.4.4.3

8.3.1.17.4.6.2
(10-4 8.3.1.8

Rates of verti-
cal slip and
tilting

Effect of faulting
on flux

Faulting will
not affect
flux because
of low slip
rates

8.3.1.8
Locations of

faults

Runoff esti-
- mates
Unsaturated-

zone flow
model

8.3.1.8.3.1.4,
8.3.1.17.4.6,
8.3.1.17.4.7,
8.3.1.17.4.12

8.3.1.5.2.2.1

8.3.1.2.2.6

C ( C
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Table 8.3.5.17-4. Scenario classes and parameters associated with potentially adverse condition 3a

(page 2 of 2)

b
SCP section Direct (D) or

Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or activity

Volcanic eruption Annual probability of <10 '/yr 8.3.1.8y ~ ~ ~~ y
causes flows or volcanic events within Probability of 8.3.1.8.3.1.2(D),
other changes in C-area volcanic event 8.3.1.8.1.1.4,
topography that 8.3.1.8.3.1.1
result in impoundment Effects of volcanic event Topographic 8.3.1.8
or diversion of on topography and flow changes are Topographic 8.3.1.8.1.2.1,
drainage rates not great effects of 8.3.1.8.1.2.2

enough to eruptions
affect flux

aInformation on scenario classes, performance parameters, and tentative parameter goals is from
Section 8.3.5.13.

Study or activity directly addresses scenario.
C-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.



Table 8.3.5.17-5. Scenario classes and parameters associated with potentially adverse condition 4a
(page 1 of 4)

SOP section Direct (D)b or
Tentative and parameter associated study

Scenario class Performance parameter parameter goal category or set or activity

Episodic offset on
faults causes local
changes in rock
hydrologic properties
thereby destroying .
existing barriers to
flow or creating
new conduits for
drainage

Annual probability of
1-m displacement on
Quaternary faults
within 0.5 km of
C-areaC boundary

per year 8.3.1.8
Locations, slip

rates and
recurrence
intervals for
Quaternary
faults at the
site and in
the region

8.3.1.8.3.3.2(D),
8.3.1.17.4.3,
8.3.1.17.4.4,
8.3.1.17.4.5,
8.3.1.17.4.6.2,
8.3.1.17.4.7,
8.3.1.17.4.2

Effects of fault motion
on local permeabilities
and effective porosi-
ties

Change in frac-
ture permea-
ability is
less than a
factor of 2;
fracture
porosity
decreases

8.3.1.8
Evidence of epi-

sodic rock-pro-
perty changes
along faults

8.3.1.4.2.2.3,
8.3.1.4.2.2.4,
8.3.1.4.2.2.5,
8.3.1.2.1.4,
8.3.1.2.3.,1,
8.3.1.2.3.3

Offset on fault
creates impound-
ments, alters
drainage, creates
perched aquifers,
or changes dip of
tuff beds

Probability of offset
>2 m on a fault in the
C-area in 10,000 yr

<10k1 8.3.1.8
Offsets, slip

rates, and
recurrence
intervals for
Quaternary
faults at the
site and in
the region

8.3.1.8.3.1.5(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2,
8.3. 1. 17 .4. 12
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Table 8.3.5.17-5. Scenario classes and parameters associated with potentially adverse condition 4a

(page 2 of 4)

SCP section Direct (D)b or
Tentative and parameter associated study

Scenario class Performance parameter parameter goal category or set or activity

Probability of changing
dip by >2 in 10,000 yr
by faulting

Effect of faulting on
flux in the C-area

<10-4 per
10,000 yr

Faulting will
not affect
flux because
of low slip
rate

8.3.1.8
Rates of verti-

cal slip and
tilting at -
the site and
in the region

8.3.1.8
Locations of

faults in the
C-area and in
the region

Saturated-zone
flow models

CI

W
P."

8.3.1.8.3.1.3,
8.3.1.17.4.6.2,
8.3.1.17.4.12 -

8.3.1.8.3.1.4,
8.3.1.17.4.6,
8.3.1.17.4.7,
8.3.1.17.4.,12
8.3.1.5.2.2.1,
8.3.1.2.2.9

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Offset on faults juxta-
poses transmissive
and nontransmissive
units, resulting in
the creation of a
perched aquifer, a
a rise in the
water table, or a
change in hydraulic
gradients

Probability of total off-
sets >2.0 m in 10,000 yr
on faults within C-area
boundary

<10 t 8.3.1.8
Offsets, slip

rates, and
recurrence
intervals
-for Quater- ;

nary faults at
the site and
in the region

8.3.1.8.3.1.5(D),
8.3.1.8.3.2.6(D),
8.3.1.8.3.1.3,
8.3.1.17.4.0.2,
8.3.1.17.4.12



Table 8.3.5.17-5. Scenario classes and parameters associated with potentially adverse condition 4a
(page 3 of 4)

.b
SCP section Direct (D) or

Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or activity

Effects of fault offsets
on water-table levels
.and hydraulic gradients

Expected mag-
nitude of
change in
water-table
altitude will
not bring
water table
to within
100 m of
repository
horizon in
10,000 yr

8.3.1.8
Locations
of faults in
C-area and
in region

Unsaturated-
zone flow
model

Saturated-zone
flow models

8.3.1.5.3.1.5,
8.3.1.17.4.6,
8.3.1.17.4.7,
8.3.1.17.4.12

8.3.1.2.2,.9

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Episodic changes in
strain in the rock
mass due to faulting
cause changes in
water-table level

Probability that strain-
induced changes increase
potentiometric level to
>850 m mean sea level

<10 b/yr 8.3.1.8
Magnitudes and

rates of
strain changes
in region,
relation of.
hydraulic
properties to
strain

Saturated-zone
flow model

8.3.1.8.3.2.3(D),
8.3.1.17.4.8.1,
8.3.1.17.4.8.4,
8.3.1.17.4.12.1
8.3.1.8.3.3.3,
8.3.1.8.1.4.4

8.3.1.8.3.3.3

( ( (
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Table 8.3.5.17-5. Scenario classes and parameters associated with potentially adverse condition 4a

(page 4 of 4)

bSCP section Direct (D) or
: -..'. Tentative and parameter associated study

Scenario class . Performance parameter parameter goal category or set or activity

Tectonic folding Probability of changing <10 per B .3.1.8'
changes dip of ~tuff .'dip by,>2' in 10,000 yr . 10,000 yr Rates'of fold-- 8.3.1.8.3.1.7(D),
beds in C-area, by folding ing in region 8.3.1.4.2.2.1,
thereby changing flux 8.3.1.4.2.2.4,

8.3.1.4.3.2,
8.3.1.8.2.1.6

Uplift or subsidence Probability of exceeding ao per 8.3.1.8
changes drainage, 30-m elevation change 10,000 yr Rates of uplift 8.3.1.8.3.1.7(D),
thereby changing flux in 10,000 yr and subsidence 8.3.1.8.3.1.6,

in region. 8.3.1.17.4.9.2,
8.3.1.17.4.10.3

Folding, uplift, or' 'Probability that reposi- per 8.3.1.8
subsidence lowers tory will be lowered 10,000 yr Rates of sub- 8.3.1.8.3.1.6,
repository.with 100 m through action sidence in 8.3.1.17.4.9.2,
respect to water of folding, uplift, orL region 8.3.1.17.4.10L.3'
table subsidence in 10,000 Rates of fold- 8.3.1.4.2.2.1,

yr ing in 8.3.1.4.2.2.4,
region 8.3.1.4.3.2,

* ' . '. ' - . . ' ' ' ~~~~~~~~~8.3.1.8.2.1.6f

* aInformation on scenario classes, performance parameters, and tentative parameters is from'Section
8.3.5.3 '''.

Study or actdii'ty directly addresses scenario.
C-area - the controlled area, i.e., the actual area.chosen according to the 10 CFR 60.2 definition of

controlled. area. L,



CONSULTATION DRAFT

lists the site characterization data to be collected to address this PAC and
the associated studies or activities in the SCP. These data will be used to
evaluate the effects of tectonic processes on the regional flow regime (such
as water-table rises and flow-path changes). If these processes appear to
produce significant changes in the larger-scale flow system,, the effects on
local flow-system behavior will be evaluated along with their effects on
meeting the site-related parameter goals listed in the table. As explained
in the introduction to the PAC discussions, these goals are those associated
with the scenario classes developed for the total-system performance
assessments (Section 8.3.5.13).

Potentially adverse condition 5: Potential for changes in hydrologic
conditions that would affect the
migration of radionuclides to the
accessible environment, such as
changes in hydraulic gradient, average
interstitial velocity, storage
coefficient, hydraulic conductivity,
natural recharge, potentiometric
levels, and discharge points.

This PAC is concerned with future changes in hydrologic conditions that
could adversely affect the isolation capabilities of the site. Changes in
hydrologic conditions could, for example, reduce the ground-water travel
time, thereby increasing the rate of radionuclide transport to the accessible
environment.

As discussed in Sections 8.3.5.12 and 8.3.5.13, hydrologic properties at
the Yucca Mountain site could be altered by a number of mechanisms, including
tectonic processes and events, climatic changes, and human activities.
Hydrologic changes that could affect the migration of radionuclides to the
accessible environment include increases in percolation flux through the
repository horizon, increases in the altitude of the ground-water table,
alteration of rock-mass hydrologic properties, the creation of surficial
discharge points within the boundaries of the accessible environment, and
changes in head gradients in the saturated zone. According to current infor-
mation, changes of sufficient magnitude to significantly affect the migration
of radionuclides are not likely. Therefore; the strategy for-resolution of
this PAC is to demonstrate that this condition is not present at the Yucca
Mountain site.

The effects of tectonic processes, climate changes, and human activities
on the ground-water flow system were evaluated with regard to each of the
mechanisms previously specified in the development of the scenario classes.
The potential for the changes in hydrologic conditions that are likely to
occur are considered in the nominal-case scenario in Section 8.3.5.13. The
unlikely, disruptive changes are considered in the disturbed-performance
scenario classes, from which the information needs to address this PAC
follow. Table 8.3.5.17-8 lists the scenario classes from which a potentially
significant effect on the ground-water flow system may result and gives the
performance parameters associated with these scenario classes. The site
characterization data to be collected to address this PAC are listed by para-
meter category or set in Table 8.3.5.17-6. Table 8.3.5.17-8 also references

8.3.5.17-34
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Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a

(page 1 of 12)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activityScenario class Performance parameter

Climatic change causes
increase in infiltra-
tion over C-areaC

w0

C,'

Expected magnitude of
flux change due to cli-
matic changes over next
10,000 yr

Expected magnitude of
change in water-table
level due to climatic
changes over the next
10,000 yr

Expected
rlux change
will be
<5 mm/yr

Expected mag-
nitude of
change in
water-table
altitude will
be < + 100 m

Climatic change causes
an increase in alti-
tude of water table

8.3.1.5.2
Future-climate

model
Infiltration

characteris--
tics

Unsaturated -
zone flow
model

8.3.1.5.2
Future--climate

model
Saturated-zone

recharge/flow
models

Paleoclimate
synthesis

Quaternary dis-
charge areas

Analog recharge
data

Distribution,
origin, and
age of vein
deposits

8.3.1.5.2.2.2(D),
8.3.1.5.1.6

8.3.1.2.2.1

8.3.1.2.3.2.9

8.3.1.5.2.2.3(D),
8.3.1.5.1.6

8.3.1.2. 3. 3

8.3.1.5.1.5

8.3.1.5.2.1.3

8.3.1.5.2.1.4

8.3.1.5.2.1.5



Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a
(page 2 of 12)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activityScenario class Performance parameter

wo
w3

in

Climatic change causes
appearance of surfi--
cial discharge points
within C-area

Climatic change causes
an increase in the
gradient of the water
table within the
C-area

Expected locations of
ficial discharge points
within C--area over the
next 10,000 yr; magni--
tudes of discharges at
each location

Expected magnitude of
change in water-table
gradient due to cli-
matic change over the
next 10,000 yr

No surficial
discharge
points could
appear within
C-area, given
a water-table
rise < * 160 m

Change will be
be <4 times
current value

8.3.1.5.2
Future.-climate

model
Saturated-zone

recharge/flow
models

Paleoclimate
synthesis

Quaternary dis-
charge areas

Analog recharge
data

Distribution,
origin, and
age of vein
deposits

8.3.1.5.2
Future-climate

model
Saturated-zone

recharge/flow
models

Paleoclimate
synthesis

Quaternary dis
charge areas

Analog recharge
data

8.3.1.5.2.2.3(D),
8.3.1.5.1.6

8.3.1.2.3.3

8.3.1.5.1.5

8.3.1.5.2.1.3

8.3.1.5.2.1.4

8.3.1.5.2.1.5

8.3.1.5.2.2.3(D),
8.3.1.5.1.6

8.3.1.2.3.3

8.3.1.5.1.5

8.3.1.5.2.1.3

8.3.1.5.2.1.4

C ( C
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Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a

(page 3 of 12)

SCP section Direct (D) or
Tentative and parameter associated study

Scenario class Performance parameter parameter goal category or set or activity

q~~~~~~~~~~~~~~~
Distribution,

origin, and
age of vein
deposits

8.3.1.5.2.1.5

Extensive irrigation
is conducted near
the C-area

0i

in

1 Expected magnitude of flux
change due to extensive
irrigation near C-area
over next 10,000 yr .

No goal (human
activity)

8,3.1.9.3
Net water-

consumption
rates

Cropland evapo-
transpiration
rates

Infiltration
characteristics

Unsaturated-zone
flow model

8.3.1.9.3.2.2

8.3.1.2.2.1.2

8.3.1.2.2.9

w

Expected magnitude of
change in altitude of
water table under C-area
due to extensive irri-
gation near C-area over
next 10,000 yr

No goal (human
activity)

8.3.1.9.3
Net water con-
sumption
rates, crop-
land evapo-
transpiration

Infiltration
character is
tIcs

8.3.1.9.3.2.2

8.3.1.2.2.1.2



Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a
(page 4 of 12)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activityScenario class Performance parameter

Unsaturated -
zone flow
model

Saturated-zone
flow models

8.3.1.2.2.9

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Expected magnitude of
change in head gra-
dients of saturated
zone in C-area due to
extensive irrigation
near C-area over next
10,000 yr

No goal (human
activity)

8.3.1.9.3
Net water con--

sumption
rates, crop-
land evapo-
transpiration

Infiltration
character is-
tics

Unsaturated-
zone flow
model

Saturated-zone
flow models

8.3.1.9.3.2.2

8.3.1.2.2.1.2

8.3.1.2.2.9

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Large scale surface-
water impoundments
are constructed near
the C-area

Expected magnitude of
flux change due to pres-
ence of an artificial
lake near C-area in next
10,000 yr

No goal (human
activity)

8.3. 19.3
Impoundment

characteristics
Infiltration
characteristics

Unsaturated-zone
flow model

8.3.1.9.3.2.2

8.3.1.2.2.1.2

8.3.1.2.2.9

C ( c



C (7 (
Table 8.3.5.17 f6. Scenario classes and parameters associated with potentially adverse condition 5 a

(page 5 of 12)

Tentative
parameter goal

SCP sxcljon
and parameter

category or set

Di rect (I)) or
associated study

or activityScenario class Performance parameter

Expected magnitude of
change in water-table
level due~to placement
of artificial lake near
C-area in next 10,000
yr ,

No goal (human
activity)

8.3.1.9.3
Impoundment
characteris-
tics

Infiltration .
charactrik-
tics

UnsaturaLed -zone
flow model

Saturated-zone
flow models

8.3.1.9.3.2.2

8.3.1.2.2.1.2

8.3.1.2.2.9

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

a

Uv
Nm

Expected magnitude of
changes in head gra-
dients of saturated
zone in C-area due to
-presence of an artifi-
cial lake near C-area
in next 10,000 yr

No goal (human
activity)

8.3,1,9.3
Impoundment

characteris-
tics

Infiltration
charadteris-
ti Cs

Unsaturated-zone
flow model

Saturated-zone
flow models

8.3.1.9.3.2.2

8.3.1.2.2.1.2

8.3.1.2.2.9

8.3.1.2.1.4.4,
8.3.1.2.3.3.3



Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a
(page 6 of 12)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activityScenario class Performance parameter

Extensive surface or
subsurface mining
occurs near C-area

Expected magnitude of
change in water -table
level due to mine water
use or mine dewatering
near C-area in next
10,000 yr

No goal (human
activity)

8.3.1.9.3
Locations of

mining and
dew.atering
rates-

Saturated-zone
flow model

8.3.1.9.3
Locations of
mining and
dewatering
rates

Saturated-zone
flow model

8.3.1.9.3.2.2

8.3.1.2.3.3.3

Expected magnitude of
changes in gradient of
water table under C area
due to extensive surface
or subsurface mining
near C-area in next
10,000 yr

No goal (human
activity) 8.3.1.9.3.2.2

8.3.1.2.3.3.3

Extensive ground--water
withdrawal occurs
near C-area

Expected magnitude of
change in water-table
level due to.extensive
ground-water withdrawal
near C--area in next
10,000 yr

No goal (human
activity)

8.3.1.9.3
Locations and

rates of expec-
ted withdrawals

Saturated--zone
.flow model

8.3. 1.9.3.2.1(D)

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Expected magnitude of
changes in gradient of
water-table under C-area
due to ground-water
withdrawal near C- area
in next 10,000 yr

No goal (human
activity)

8.3.1.9.3
Locations and

rates of expec
ted withdrawals

Saturated- zone
flow model

8.3.1.9.3.2.1(D)

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Q ( C
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Scenario classes and parameters associated with potentially adverse condition 5a
(page 7 of 12)

Table 8.3.5.17-6.

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activityScenario class Performance parameter

co

-A

0-A

Volcanic eruption
causes flows or
other changes in
topography that
result in impound-
ment or diversion
of drainage

Igneous intrusion
causes barrier to
flow or thermal
effects that alter
water table level

Annual probability of
volcanic events within
C-area

Effects of a volcanic
event on topography and
flow rates

Annual probability of
igneous intrusion within
0.5 km of C-area boundary

Barrier-to-flow effects of
igneous intrusion on
water-table levels

<10 /yr

Topographic
changes are
not great
enough to
affect flux

-5<10 /yr

Water-table
rise <100 m

8.3.1.8
Probability of

volcanic event

8.3.1.8
Topographic

effects of
eruption

8.3.1.8
Probability of

igneous intru-
sion

8.3.1.8
Locations and

geometry of
possible intru-
sions at site

Saturated-zone
flow model

8.3.1.8.3.1.2(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

8.3.1.8.1.2.1,
8.3.1.8.1.2.2

8.3.1.8.3.1.2(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

8.3,1.8.1.2.1
8.3.1.17.4.12.1

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Thermal effects of igneous
intrusions on water-
table levels

Water table
rise <100 m

8.3.1.8
Locations and

geometry of
possible intru-
sions at. site

8.3.1.8.1.2.1
8.3.1.17.4.12.1



Table 8.3.5.17 6. Scenario classes and parameters associated with potentially adverse condition 5a
(page 8 of 12)

Tentative
parameter goal

SCP section
and parameter
category or set

Direct (I))b or
associated study
or activityScenario class Performance parameter

Saturated-zone
flow model

Thermal effects
near intrusion

8.3.1.2.1.4.4,

8.3.1.2.3.3.3

Theimal effects of igneous
intrusions on hydraulic
gradients

Go

iam

Gradient
change <
factor of 4

<10 /yrIgneous intrusions,
such as a sill,
result in a change
in flux

Annual probability of
igneous intrusion
in the C-area

8.3.1.8
Thermal effects
near intrusion

8.3.1.8
Probability of

igneous
intrusion

8.3.1.2.3.3.3

8.3.1.8.3.1.2(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

Effects of an igneous
intrusion on flux

Igneous intru-
sion will
not affect
flux because
of depth,
location,
and extent-
of intrusion

8.3.1.8
Locations and

geometry of
possible intru-

. sions at site
Unsaturated-zone

flow model
Saturated-zone

flow model

8.3.1.8.1.2.1,
8.3.1.17.4.12.1

8.3.1.2.2.9

8.3.1.2.3.3

Igneous intrusion
causes changes in
rock hydrologic
properties

Annual probability of
igneous intrusions
within 0.5 km of
C-area boundary

<10 /yr 8.3.1.8
Probability of

igneous intru--
sion

8.3.1.8.3.3.1(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

(. (. (
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Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a

(page 9 or 12)

_

Scenario class
Tentative

parameter goal

SCP section
and parameter

category or set

b
Direct (D))I or

associated study
or activityPerformance parameter

Effects of igneous intru-
sions on local permea-
bilities and effective
porosities

No signifi-
cant changes
in rock hydro-
logic proper-
ties

8.3.1.8
Locations and
geometry of
possible intru--
sions

Effects of
intrusions, on
hydraulic
properties

8.3.1.8.1.2.1,
8.3.1.17.4.12.1

8.3.1.8.3.3.1

Offset on fault creates
impoundments, alters
drainage, creates
perched aquifers, orr
changes dip of tuff
beds

Probability of offset
>2 m on faults in the
C-area in 10,000 yr

Probability of changing
dip by >2 in 10,000 yr
by faulting'

<10 I 8.3.1.8
Vertical slip

recurrence
intervals

8.3.1.8.3.1.5(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2

8.3.1.17.4.6.2
<10- 8.3.1.8

Rates of verti-
cal slip and
tilting

Effects of faulting on
flux

Faulting
will not
affect flux
because of
low slip rate

8.3.1.8
Unsaturated-
zone flow
model

'8.3.1.8.3.1.4,
8.3.1.2.2.9



Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a
(page 10 of 12)

Scenario class -Performance parameter
Tentative

parameter goal

SCP section
and parameter
category or set

Direct ()1)) or
associated study

or activity

Offset on faults jux-
taposes transmissive
and nontransmissive
units, resulting in
either the creation
of a perched aquifer
or a rise in the
water table (or a
change in hydraulic
gradients)

Probability of total off-
sets >1.0 m in
10,000 yr on faults
within 0.5 km of
C--area boundary

Effects of fault offset
on water-table levels
and hydraulic gradients

Water-table
rise <100 m

8.3.1.8
Slip rates and
I recurrence

intervals

8.3.1.8
Fault location

and geometry
Unsaturated-zone

flow model
Saturated-zone

flow model
Quaternary water

levels

8.3.1.8.3.2.6(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2

8.3.1.8.3.2.5,
8.3.1.17.3.1

8.3.1.2.2.6, 9,
or 10

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

8.3.1.5.2.1.5

Gradients
change <
factor of 4

Episodic offset on
faults causes local
changes in rock
hydrologic proper-
ties, thereby
destroying existing
barriers to flow, or
creating barriers to
flow, or creating new
conduits for drainage

Annual probability of I m
displacement on
Quaternary faults within
0.5 km of C-area boundary

Effects of fault motion
on local permeabilities
and effective porosities

4
<10 per

year

Change in
fracture per--
meability is
< factor of 2;
fracture
porosity
iucreases

8.3.1.8
Slip rates and

recurrence
intervals

8.3.1.8
Evidence of

episodic rock-
property
change!7 along
faults

8.3.1.8.3.3;2(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2

8.3.1.4.2.2.3,
8.3.1.4'2.2.4,
8.3.1.4.2.2.5

(. ( c
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Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a

(page 11 of 12)

I

I Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activityScenario class Performance parameter

Folding, uplift, or
subsidence lowers
repository with
respect to water
table

Probability that reposi-
tory will be lowered
relative to water table
by 100 m through action
of folding, uplift, or
subsidence in 10,000 yr

8.3.1.8
Rates of subsi-

dence

Rates of fold-
Lng

8.3.1.8.3.1.6,
8.3.1.17.4.9.2,
8.3.1.17.4.10.3

8.3.1.4.2.2.1,
8.3.1.4.2.2.4,
8.3.1.4.3.2,
8.3.1.8.2.1.6

Uplift or
changes
thereby

subsidence
drainage,
changing flux

Probability of exceeding
30--r elevation change
in 10,000 yr ;

< 10-4 8.3.1.8
Rates of uplift

and subsidence
8.3.1.8.3.1.7(D),

8.3.1.8.3.1.6,
8.3.1.17.4.9.2,
8.3.1.17.4.10.3

Tectonic folding
changes dip of tuff
beds in C-area,
thereby changing flux

Probability of changing
dip by >2 in 10,000 yr
by folding

<10 ,4 8.3.1.8
Rates of fold-

ing
8.3.1.8.3.1.7(D),

8.3.1.4.2.2.1,
8.3.1.4.2.2.4,
8.3.1.4.3.2,
8.3..1.8.2.1..6

Changes in stress or
strain in C-area
resulting from
episodic faulting,
folding, or uplift
cause changes in the
hydrologic properties
of the rock mass

Effects of changes of
stress or strain o01
hydrologic properties
of the rock mass

Changes in
conductivity
and porosity
of rock mass
are greater
than a factor
Or 2

8.3.1.8
in situ stress

field
Magnitude of

stress change
Stress strain

re lati onsh i'ps

8.3.1.8.3.3.3(D),
8.3.1.17.4.8.1

8.3.1.t7.4.8.4

8.3.1.4.2.1.3



Table 8.3.5.17-6. Scenario classes and parameters associated with potentially adverse condition 5a
(page 12 of 12)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D) bor
associated study

or activityScenario class Performance parameter

Relation of
.hydraulic pro-
perties to
strain

8.3.1.8.3.3.3

Episodic changes in
strain in the rock
mass due to faulting
causes changes in
water-table level

Probability that strain-
induced changes increase
potentiometric level to
> 850 m mean sea level

<10a8 /yr 8.3.1.8
In situ stress

field
Magnitude of

stress change
Stress-strain

relationships
Relation of

hydraulic pro-
perties to
strain

Rate of stress
change

Saturated-zone
flow model

8.3.1.8.3.3.3(D),
8.3.1.17.4.8.1

8.3.1.17.4;.8.4'

8.3.1.4.2.1.3

8.3.1.8.3.3.3
8.3A.17.4.12.1

. I

8.3.1.8.3.2 3(D)

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

balnformation on scenario classes, performance parameters, and tentative goals is from Section 8.3.5.13
Study or activity directly addresses scenario.
CC-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.
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CONSULTATION DRAFT

the section that discusses the data to be collected and the associated
studies and activities.

Potentially adverse condition 6: Potential for changes in hydrologic
conditions resulting from reasonably
forseeable climatic changes.

This PAC is concerned with future climatic conditions that could ad-
versely affect the isolation capabilities of a site by disrupting the hydro-
logic conditions at the site. Changes in hydrologic conditions could result
in a decrease in the ground-water travel time from the repository horizon to
the boundary of the accessible environment, thereby possibly increasing'
radionuclide transport to the accessible environment.

On the basis of current information, climatic changes are likely at the
Yucca Mountain site during the next 10,000 yr. However, changes sufficient
to affect significantly the ability of the geologic repository to meet the
performance objectives relating to waste isolation are not likely. That is,
changes in the percolation flux, the water-table level in the vicinity of the
controlled area, the head gradient in the saturated zone, or the discharge
conditions due to reasonably forseeable climatic changes are not likely to
significantly affect the performance of the repository. If the wording of
this PAC included an evaluation of the significance of-the effect on isola-
tion, the strategy for PAC resolution would be to test the hypothesis that
this condition is not present; however, since the PAC, as stated, refers only
to the potential for climate-induced hydrologic changes, the strategy for
resolution is to demonstrate that although the condition is present, it will
not significantly affect the ability of the geologic repository to meet the
performance objectives relating to isolation of the waste.

The scenario classes for climatic changes leading to these effects are
summarized in Table 8.3.5.17-7. The parameters needed to evaluate this
condition and the goals for these parameters are also shown in this table.
The site characterization data to be collected to address this PAC are listed
by parameter category or set in Table 8.3.5.17-7. This table also references
the section that discusses the data to be collected and the associated
studies and activities.

Potentially adverse condition 7: Ground-water conditions in the host rock,
including chemical composition, high ionic
strength, or ranges of Eh-pH, that could
increase the solubility or chemical
reactivity of the engineered barrier
system.

This PAC is concerned with ground-water conditions that could adversely
affect the performance of the engineered-barrier system (EBS). The EBS
consists of the waste form, the waste container, and an air gap separating
the waste container from the borehole wall. Ground-water conditions in a
host rock could have an effect on the degradation rate of the waste packages
and thus on radionuclide release rates from the EBS. This release rate is
directly related to the source term to be used in determining releases to the-
accessible environment.

8.3.5.17-47



Table 8.3.5.17-7. Scenario classes and parameters associated with potentially adverse condition 6a
(page 1 of 3) "

Tentative
.parameter'goal

SCP section
and parameter

category or set'

Direct (D)b or
associated study

or activityScenario class IPerformance parameter

Climatic change causes
increase in infil-
'tration over C-areac

Climatic change causes
*an increase in alti-
tude of water table

Expected magnitude of flu:
change due to climatic
changes .over next
10,000 yr '

ERxpected'magnitude of
change in water-table
level due to 'climatic
changes over the next
10,000 yr

x Expected flux
.. change will'

-be <5 mm/yr

Expected magni-
.tude of change
.in water-table
altitude will
be < + 100 m

8.3.1.5.2
Future-climate
*model

Infiltration
characteristics

.Unsaturated-zone
flow model

8.3.1.5.2'
Future-climate

model
Saturated-zone

recharge/flow
models

Paleoclimate
synthesis

.Quaternary dis-
charge areas

Analog recharge.
data

Distribution,
origin, and
age-of vein
deposits

8.3.1.5.2.2.2(D)
8.3.1.2.1.6

8.3.1.2.2.1.2

8.3.1.2.2.9

8.3.1.5.2.2.3(D)
8.3.1.2.1.6

8.3.1.2.3.3

8.3.1.5.1.5

8.3.1.5.2.1.3

8.3.1.5.2.1.4

8.3.1.5.2.1.5

{ ( C
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Table 8.3.5.17-7. Scenario classes and parameters associated with potentially adverse condition 6a

(page 2 of 3)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activityScenario class Performance parameter

Climatic change causes
appearance of surfi-
cial discharge points
within C-area

Climatic change causes
an increase in the
gradient of the water-
table within the
C-area

Expected locations of sur-
ficial discharge points
within C-area over the
next 10,000 yr; magni-
tude of discharge at
each location

Expected magnitude of
change in water-table
gradient due to cli-
matic change over the
next'10,000 yr

No surficial
discharge
points could
appear within
C-area, given
a water-table
rise < + 160 m

Change will be
<4 times
current value

8.3.1.5.2
Future-climate

model
Saturated-zone

recharge/flow
models

Paleoclimate
synthesis
Quaternary' dis-
charge areas

Analog recharge
data

Distribution,
origin, and
age of vein
deposits

8.3.1.5.2
Future-climate

model
Saturated-zone

recharge/flow
models

Paleoclimate
synthesis

8.3.1.5.2.2.3(D)
8.3.1.2.1.6

8.3.1.2.3.3

8.3.1.5.1.5

8.3.1.5.2.1.3

8.3.1.5.2.1.4

8.3.1.5.2.1.5

8.3.1.5.2.2.3(D)
8.3.1.2.1.6

8.3.1.2.3.3

8.3.1.5.1.5

a



Table 8.3.5.17-7. Scenario classes and parameters associated with potentially adverse condition 6a
(page 3 of 3)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activityScenario (:lass Performance parameter

(continued) Quaternary dis-
charge areas

Analog recharge
'data

Distribution,
origin, and
age of vein
deposits

8.3.1.5.2.1.3

8.3.1.5.2.1.4

8.3.1.5.2.1.5

aThe information on scenario classes, performance parameters, and tentative parameter goals is from
Section 8.3.5.13.

Study or activity directly addresses scenario.
CC-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.
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CONSULTATION DRAFT

The corrosion rate of the metallic barriers and the release rates from
the waste form are affected by the pH and oxidation-reduction conditions as
well as composition of the fluids contacting the waste package. Site data to
be collected to address this PAC include the major ion composition of the
unsaturated-zone ground waters and the thermal stability of the minerals in
the host rock. These data will be used to develop a ground-water model that
will be used to show that near-field geochemical processes will not adversely
affect EBS performance. During characterization, the ground-water chemistry
of the unsaturated zone will be analyzed to ensure that the chemistry falls
within the range considered in the testing programs supporting EBS design.
The geochemical modeling to reliably predict the emplacement environment will'
consider the interactions of the host rock and ground waters under expected
conditions. The EBS design or material selection may have to be modified if
adverse effects are indicated. In addition, ground water is not expected to
come into contact with, and thus will not affect, the waste container during
the 300-yr containment period. The strategy for resolution of this PAC is to
test the hypothesis that this condition is not. present at the Yucca Mountain
site.

The nominal (undisturbed-performance) scenario class in Section
8.3.5.13 takes into account the expected range of geochemical conditions,
i.e., variations in ground-water composition, and the'EBS design is also
based on this range. Disturbed-performance scenario classes have been
developed to address changes in ground-water conditions that could adversely
affect the EBS performance. Those disturbed-performance scenarios that
address this PAC are listed in Table 8.3.5.17-8. These scenarios are appli-
cable because they deal with the ground-water conditions'that affect perfor-
mance of the EBS. Scenarios concerning effects of surface-water impound-
ments, irrigation, and mining (from Issue 1.1) are not considered to have.
credible effects on geochemical processes and conditions at the site. The
site characterization data to be collected to address this PAC are listed by
parameter category or set in Table 8.3.5.17-8. Table 8.3.5.17-8 also
references the section that discusses the data to be collected and the
associated studies and activities.

Potentially adverse condition 8: Geochemical processes that would reduce
sorption of radionuclides, result in
degradation of the rock strength, or
adversely affect the performance of the
engineered-barrier system.

This PAC is concerned with conditions that could significantly affect
the site geochemical characteristics related to the transport of radionu-
clides and performance of the engineered-barrier system (EBS). These condi-
tions could result from the thermal effects of the emplaced waste or from
tectonic or human activities that could significantly change the ground-
water composition by introducing ground water or other fluids into the
isolation system. In principle, tectonic activity could also alter the
mineralogic characteristics along the likely radionuclide transport pathways
or create new pathways with different mineralogic characteristics; such
effects are expected to be minor.

The expected thermal effects of waste emplacement may affect minerals in
the tuffs, producing phase changes that may, in turn,-affect sorptive

8.3.S.17-51



Table 8.3.5.17-8. Scenario classes and parameters associated with potentially adverse condition 7a
(page I of 3) - -

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Diret (D) or.
associated study.

or activity

Nominal case Distribution coefficients
(Kds) for Sr, Cs, Pu,
Am, C, U, Np, Tc, Zr, 1,
and Cm in unsaturated-
zone units below
repository and above -
water table

Kd 0 for
I and C.

Kd 2O.l for
- other elements

under expected
temperature
range

8.3.1.3
Saturated and

unsaturated-
zone-sorptive
properties

Solubility of
radionuclides

8.3.1.3.4(D).

8.3. 1.3.5(D) ! 0-

I
Rock unit

mineralogy,
petrology, and
Phemistry

Fracture filling
mineralogy

Unsaturated- and
saturated-zone
ground-water
chemistry

Unsaturated- and
saturated- zone
dispersive and
diffusive pro
perties

8.3.1.3.2(D)

8.3.1.3.1(D)

Liquid constrictivity/
tortuosity factor

8.3.1.3.6(D)

C Q C



Table 8.3.5.17-8.

( ,C
Scenario classes and parameters associated with potentially adverse condition 7a
(page 2 of 3)

' Tentative'
parameter goal

SCP section
and 'parameter
category or set

Direct (D)b or
associated study

or activityScenario class Performance parameter

Retardation -
potential
changes over
10,000 yr

8.3.1.3.7(D)

Igneous intrusions
cause changes in
rock geochemical
properties

00

C',

Annual probability of
igneous intrusions
within 0.5 km of
C-areaC boundalry '

Effects of igneous intru-
sions on local rock
geochemical properties

<10-b /yr

Potential chan-
ges in min-
eralogy will
not be exten-
si've

8.3.1.'8
Probability of

igneous
intrusion

8.3.1.8
Locations and
geometry' of
intrusions

Mineralogic
changes

8.3.1.8.4.1.1(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

8.3.1.5.3,
8.3.1.8.1.2.1,
8.3.1.17.9-

4.12.1
8.3.1.3.2.2.2,

8.3.1.8.5.2.2

Tectonic processes
cause 'changes in
ground-water table
or movement that
results in minera-
logic changes in
C--area

Degree of mineralogic
change in the controlled
area resulting'from
changes in water-table
level or flow paths in
10,000 yr

Adverse changes 8.3.1.8,.
in mineralogy Probabil'ity
will not occur and magnitude
will not occur of mineralogic

changes
Rate of mineral

alteration

8.3.1.8.4.1.4(D),
8.3.1.8.3.2.2,
8.3.1.8.3.2.3,
8.3.1.8.3.2.4,
8.3.1.8.3.2.6

8,.3.1.3.2.2.1,
8.3.1.3,3.2,
'8.3.1.3.3.3

Offset on a fault
changes travel path
way to one with

Probability or total oft-
sets >1.0 m in 10,000 yr
on faults within 0.5 km

<10 I /yr 8.3.1.8
(Orrse ts, slip

rates, and

8.3.1.8.4.1.3(D),
8.3.1.8.3.1.3,
8.3. 1 .17.4. 1.2



Table 8.3.5.17-8. Scenario classes and parameters associated with potentially adverse condition 7a
(page 3 of 3)

Tentative
parameter goal

SCP' section
and parameter

category or set

b
Direct (D)) or

associated study
or activity.Scenario class Performance parameter

different geochemi-
cal properties

of C-area boundary recurrence
intervals

Effects of fault offset
on travel pathway

Significant
changes will
not occur

8.3.1.8
Unsaturated-

zone flow model
Saturated-zone

flow model

8.3.1.2.2.9

8.3.1.2.3.3.3

Offset on a fault
causes changes in
movement of ground
water that result
in mineralogical
changes along the
fault zone

Probability of movement
and location of Quater-
nary faults in C-area

0-4ly
<10 f/yr

per fault
8.3.1.8
Locations of

faults, slip
rates, and
recurrence
intervals

8.3.1.8.4.1.2(D),
8.3.1.17.4.6.1,
8.3.1.8.3.1.3,
8.3.1.17.4.6.2

I

Degree of mineralogic
change in fault zone
in 10,000 yr

Adverse changes
in mineralogy
will not occur

8.3.1.8
Nature and age

of mineralogic
changes along
faults

8.3.1.4.2.2.3,
8.3.1.4.2.2.5,
8.3.1.3.2

a
Information on scenario classes, performance parameters, and tentative parameter goals is from

Section 8.3.5.13
Study or activity directly addresses scenario.
C-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.

C C C



CONSULTATION DRAFT

properties. Sorption could also be affected by disturbance to ground-water
chemistry. These geochemical processes that affect the sorptive mineralogy
are expected to occur at rates too slow to significantly affect the sorptive
capacity of the tufts in the time frame of concern to a repository. In
addition, any alteration of glass that did occur in the tuffs is expected to
produce sorptive mineral phases, thereby producing an increase in sorptive
capacity.

At present, geochemical process are not expected to significantly affect
rock strength during the postclosure period. Fracturing of the tuffs due to
chemical changes (e.g., dehydration and phase transitions) in the rocks is
not expected under the range of thermal conditions predicted. Furthermore,
the waste package is being designed to withstand the impacts that could occur
from falling rock, and the information needs for the design are addressed in-
Issue 1.10 (Section 8.3.4.2).

The engineered-barrier system could be affected if-the chemical charac-
teristics of the ground water contacting it were to be disturbed signifi-
cantly. No currently operating geochemical processes are thought, however,
to have a potential for significantly affecting the EBS.

The available data do not, therefore, support a- statement that the
geochemical processes described in the PAC are operating at the site. The
strategy for resolution of this PAC is to test the hypothesis that this
condition is not present at the Yucca Mountain site.

- In the development of the preliminary scenario classes, changes of this
type were grouped into two categories: changes in the geochemical conditions
due to likely events (for example, to the heat generated by the emplaced
wastes) and disturbances to the geochemical conditions due to unlikely
natural events. The former category is addressed by information needs for
the nominal-case-scenario class, and the latter is addressed by certain
disturbed-performance scenario classes. Table 8.3.5.17-9 lists the relevant
scenarios that will be considered in the overall system performance assess-
ment to address the concern of this PAC. Scenarios concerning surface-water
impoundments, irrigation, and mining near the controlled area are not consid-
ered to have credible significant effects on geochemical processes (sorption)
at the site. They are not listed in Table 8.3.5.17-9. The performance
parameters, for which values will be obtained during site characterization,
are shown in the table; the site characterization data to be collected to
address this PAC are listed by parameter category or set. Table 8.3.5.17-9
also references the section that discusses the data and the associated
studies and activities.

The principal geochemical data that will be collected to address
this PAC include the stability of sorptive minerals in the tuffs under both
the ambient and the postemplacement thermal conditions and ground-water
compositions. The sorptive behavior of the tuffs will be determined under a
range of conditions intended to cover the effects of expected and unexpected
events on the variables controlling sorption properties.

8.3;5.17-55



Table 8.3.5.17-9. Scenario classes and parameters associated with
(page 1 of 3)

potentially adverse condition 8a

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

I)
Direct (I)) or

associated study
or activity

_ _ __ .

Nominal case Distribution coefficients
(Kds) for Sr, Cs, Pu,
Am, C, U, Np, Tc, Zr,

* I, and Cm in unsatura-
ted-zoneunits below
repository but above
water table

Kd 2 0 for
I and C.

Kd 0.1 for
other elements
under expected
temperature
range

p6a

-.3

0CR

8.3.1.3
Saturated- and

unsaturated -
zone sorptive
properties

Solubility of
radionuclides

Rock-unit .
mineralogy,-.
petrology,
and chemistry

Fracture-filling
mineralogy

Unsaturated- and
saturated-zone
ground-water
chemistry

8.3.1.3.4(D)

8.3.1.3.5(D)

8.3.1.3.2(D)

8.3.1.3.2(D)

8.3.1.3.1(D)

Liquid constrictivity/
tortuosity factor

Unsaturated- and
saturated-zone
dispersive
and diffusive
properti es

Retardation
potential
changes over
10,000 yr .

8.3.1.3.6(D)

8.3.1.3.7(D)

( ( c



C ( C
Scenario classes and parameters associated with potentially adverse condition 8a
(page 2 of 3)

Thble 8.3.5.17-O'.

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activity

Igneous intrusions
cause changes in
rock geochemical
properties

Annual probability of
igneous intrusions
within 0.5 km of
C-areaC boundary

<10 S/yr 8.3.1.8
Probability of

igneous
intrusion

8.3.1.8.4.1.1(D),
8.3.1.8.1.1.41
8.3.1.8.3.1.1

Effects of igneous intru-
sions'on local'rock
geochemical properties01

cm'

Potential .
* changes in
mineralogy
will not be
extensive

Adverse changes
Iin mineralogy
will not occur

8.3.1.8 '
Locations and

geometry of
intrusions

Mine~ralogic
changes

8.3.1.8.
Probability

and magnitude
,of mineralogic

' changes
Rate of mineral

alteration

Tectonic processes
cause'changes in
ground-water table
or movement that
results in minera-

* logic changes in
C-area

Degree'of mineralogic
change in the controlled
atea resulting from
changes in water-table
level or flow paths in
10,000 yr

8.3.1.3.3,
8.3.1.8.1..2.1,
8.3.1.17.4.12.1

8.3.1.3.2.2.2,
8 .3.1.8.5.2.2

8.3.1.8.4.1.4(D),
8.3.1.8.3.2.2,
8.3.1.8.3.2.3,
8.3.1.8.3.2.4,
8.3.1.8.3.2.6

8.3.1.3.2.2.1,
8.3.1.3.3.3,
8.3.1.3.3.4

02

I

Offset on a fault
changes travel path-
way'to one with
different geochemi-
cal properties

Probability of total off-
sets >1.0 m in 10,.000 yr
on faults within 0.5 km
of C-area boundary

<10-1 8.3.1.8
Offsets, slip

rates, and
recurrence
intervals

8.3.1.8.4.1.3(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2



Table 8.3.5.17-0. Scenario classes and parameters associated with potentially adverse condition 8a
(page 3 Of 3)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D) or
associated study
or activityScenario class Performance parameter

Effects of fault offset
on travel pathway

Significant
changes will
not occur

8.3.1.8
Unsaturated-

zone flow mode]
Saturated--zone.

flow model

8.3.1.2.2,9,
8.3.1.2.3.3.3

Offset on a fault
causes changes in
movement of ground
water that result
in mineralogical
changes along the
fault zone

Probability of movement
and location of Quater-
nary faults in C-area

Degree of mineralogic
change in fault zone
in 10,000 yr

-4<10 /yr
per fault

Adverse changes
in mineralogy
will not occur

8.3.1.8
Locations of

faults, slip
rates, and
recurrence
intervals

8.3.1.8
Nature and age

of mineralogic
changes along
faults

8.3.1.8.4.1.2(D),
8.3.1.17.4.6.1,
8.3.1.8.3.t.3,
8.3.1.17.4.6.2

8.3.1.4.2.2.3,
8.3.1.4.2.5,
8.3.1.3.2

aInformation on scenario classes, performance parameters, and tentative parameter goals is from
Section 8.3.5.13.

DStudy or activity directly addresses scenario.
CC-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.
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COJNSULTATION DRLAY

Potentially adverse condition 9: Ground-water conditions in the host rock
that are not reducing.

This PAC is concerned with oxidizing ground-water conditions in the host
rock because such conditions may be less favorable then chemically reducing
conditions with regard to sorption and solubility relationships for radionu-
clides that exhibit sensitivity to oxidation-reduction conditions.

Because the host rock at the Yucca Mountain site is located in the
unsaturated zone, the ground water in the host rock is oxidizing. It is
expected that this condition can be shown not to significantly affect perfor-
mance, because any potentially adverse effects it may theoretically cause
will be compensated for by the low water flux through the repository and the
sorptive capacity of the host rock and surrounding units. The strategy for
resolution of this PAC is to demonstrate that although the condition is
present, it will not significantly affect the ability of the geologic reposi-
tory to meet the performance objectives relating to isolation of the waste.

The information needed to address this condition (natural processes and
waste-emplacement effects) is addressed in' the nominal-case scenario class
defined in Section 8.3.5.13. In addition, disturbances to the nominal-case
conditions due to unlikely natural events and human activities may also need
to be considered in evaluating this PAC. The scenario classes and relevant
performance parameters from Section 8.3.5.13 are summarized in Table
8.3.5.17-10. The site characterization data to be collected to address this
PAC are listed by parameter category or set in Table 8.3.5.17-10. The prin-
cipal geochemical data to be collected to address this PAC are the major ion
composition of the unsaturated zone ground waters. Table 8.3.5.17-10 also
references the section that discusses the data to be collected and the asso-
ciated studies and activities.

Potentially adverse condition 10: Evidence of dissolutioning such as breccia
pipes, dissolution cavities or brine
pockets.

The available information is sufficient to conclude that this potent-
ially-adverse condition is not present at the Yucca Mountain site. There are
no known dissolution features within the potential host rock or the other
rock units at the sites (DOE, 1986b), and the minerals that make up the host
rock (alkali feldspars, quartz, cristobalite, and tridymite) are not prone to
dissolution in any significant quantities.

Because the available information appears adequate to address this PAC,
no further characterization is needed. No scenario classes associated with
dissolutioning will be developed as a part of the evaluation of the geologic
repository with respect to the overall system performance objective.

Potentially adverse condition 11: Structural deformation, such as uplift,
subsidence, folding, and faulting, during
the Quaternary Period.

This PAC is concerned with future structural deformation, similar to the
observed Quaternary deformation, that could adversely affect a repository
system in such a way that the isolation capabilities of a site would be

8.3.;SA-17-59



Table 8.3.5.17-10. Scenario classes and parameters associated with potentially adverse condition 9a
(page 1 of 3)

b
SCP section Direct (D) or

..Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or-activity

Nominal case Distribution coefficients
(Kds) for Sr, Cs, Pu,
Am, C, U, Np, Tc, Zr-,
I, and Cm in unsatura-
ted-zone units below
repository and above
water table

K Ž 0 for
I and C.

Kd 0.1 for
other elements
under expected
temperature
range

8.3.1.3
Saturated- and

unsaturated-
zone sorptive
properties

Solubility of
radionuclides

8. 3. 1. 3. 4(D).

8. 3. 1. 3. 5(D)

Rock-unit
mineralogy,
petrology,
and chemistry

Fracture-filling
mineralogy

Unsaturated- and
saturated-zone
ground-water
chemistry

8.3.1.3.2(D)

8.3.1.3.2(D)

8.3.1.3.1(D)

8.3.1.3.6(D)Liquid constrictivity/
tortuosity factor

Unsaturated- and
saturated-zone
dispersive
and diffusive
properties

( ( (I



C C
Table 8.3.5.17-10. Scenario classes and parameters associated with potentially adverse condition Oa

(page 2 of 3)

b
SCP section Direct (D) or

Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or activity

Retardation
potential
changes over
10,000 yr

CI

.-A

Extensive irrigation
is conducted near the'
C-areac

Large-scale surface
water impoundments
are constructed near
the C-area

Expected magnitude of
changes in distribution
coefficients, solubili-
ties, and chemical reac-
tivity of. the engineered-
barrier system in next
10,000 yr for unsatura-
ted-zone units below
repository but above
water table

Expected magnitude of
changes in distribution
coefficients, solubili-
ties, and chemical reac-
tivity of the engineered-
barrier system in next
10,000 yr for unsatura-
ted-zone units below
repository but above
water table

No goal (human
activity)

No goal (human
activity)

Same as the
nominal case

Same as the
nominal case

8.3.1.3.7(D)

Same as the
nominal case

Same as. the
nominal case



Table 8.3.5.17-10. Scenario classes and parameters associated with potentially adverse condition 9a
(page 3 of 3)

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activity

Extensive surface or Expected magnitude of No goal (human Same as the Same as the
subsurface mining changes in distribution activity), nominal case nominal case
occurs near C-area coefficients, solubili-

ties, and chemical reac-
tivity of the engineered-
barrier system in next
10,000 yr for unsatura-
ted-zone units below
repository but above
water table

baScenario classes, performance parameters, and tentative parameter goals are from Section 8.3.5.13.
bStudy or activity directly addresses scenario.
C-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.

0

Io
I:

C c C



CONSULTATION DRAFT

impaired. For example, structural deformation could affect radionuclide
transport rates from the repository horizon to the boundaries of the acces-
sible environment, if the hydrologic.conditions or geochemical character-
istics along the transport path were adversely affected.

Quaternary rupture on 32 faults within an i,100-km! area surrounding the
site .has been documented (Section 1.3.2). In addition, Quaternary activity
has been observed on faults near Yucca Mountain. The region is currently
undergoing active lateral crustal extension in response to regional extension
within the Great Basin (Section 1.3.2.4). The rate is, however, considered
to be low. The strategy for resolution of this PAC is to demonstrate that
although the condition is present, it will not significantly affect the
ability of the geologic repository to meet the performance objectives
relating to isolation of the waste.

The potential effects of structural deformation on the ground-water flow
system are addressed by PACs 4 and 5. Tables 8.3.5.17-5 (PAC 4) and
8.3.5.17-6 (PAC 5) summarize the information needed to evaluate these
effects. Table 8.3.5.17-11 repeats this information and also includes the
information regarding the effects of tectonic activity on waste packages and
the geochemical conditions important to waste isolation. The table lists the
performance parameters for those scenarios relevant to the effects of tec-
tonic activity, such as faulting, on waste-isolation. The characterization
programs that will provide the information needed to determine these para-
meters are also listed in Table 8.3.5.17-11.

Potentially adverse condition 12: Earthquakes that have occurred
historically that if they were to be
repeated could affect the site
significantly.

This PAC is concerned with historic earthquakes that, if they reoccurred
in the future, could adversely affect the postclosure performance of a
geologic repository.

The Yucca Mountain site is located in the southern Great Basin, a seis-
mically active region (Section 1.4). The pattern of regional seismicity, as
defined by historical epicenters within 400 km of Yucca Mountain, consists of
the north-south-trending Nevada-California seismic belt, the southern end of
the Intermountain seismic belt in southwestern Utah, -and the diffuse East-
West seismic belt encompassing the Nevada Test Site. Six major historical
earthquakes (M > 6.5) have occurred in the Nevada-California seismic belt,
and two have occurred on or near the San Andreas fault. The nearest major
earthquake (1872 Owens Valley)' was about 150 km west of Yucca Mountain. -
Yucca Mountain itself is located in a quiescent area characterized by few
hypocenters and low seismic-energy density, and thelhistorical record of the
region suggests that past seismic activity, if-repeated, would not be
expected to significantly affect the postclosure performance of a geologic
repository. The strategy for resolution of this PAC is to-test the hypoth-
esis that this condition is not present at the Yucca'Mountain site.

The historical record is limited. Therefore, detailed geologic investi-
gations will be combined with ongoing earthquake'monitoring activities to
assess the effects of future earthquakes at the site. Additional information

8.3.5.17-63



Table 8.3.5.17-il. Scenario classes and parameters associated with potentially adverse condition 11a
(page 1 of 6) . I

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or, activityScenario class I Performance parameter

cc
U'

in

Changes in stress or
strain in C-areaC
resulting from epi-
sodic faulting,
folding, or uplift
causes changes in
the hydrologic proper-
ties of the rock mass

Episodic changes in
strain in the rock
mass due to faulting
causes changes in
water-table. level

Effects of changes of
stress or strain on
hydrologic properties
of-the rock mass

Probability that strain-
induced changes increase
potentiometric level to
>850 m mean sea level

Changes in
conductivity
and porosity
of rock mass
are less than
a factor of 2

108 /yr

8.3.1.8
In situ stress

field
Relation of

hydraulic.
properties
to strain

8.3.1.8
In situ stress

field
Relation of

hydraulic
properties
to strain

Rate of stress
change.

Saturated-zone
flow model

8.3.1.17.4.8.1

8.3.1.8.3.3.3(D)

8.3..1.17.4.8.1

8.3.1.8.3.3.3(D)

8.3.1.8.3.2.3(D),
8.3.1.17.12.1

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

Offset on fault
creates impoundments,
alters drainage,
creates perched
aquifers, or changes
dip of tuff beds

Probability of offset
>2 m on faults in the
C-area in 10,0O() yr

-I(10 8.3.1.8
Vertical slip

rate and
recurrence
intervals

8.3.1.8.3.1.5(D),
8.3.1.17.3.1.3,
8.3.1.17.4.6..2

c ( c
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Table 8.3.5.17-11. Scenario classes and parameters

(page 2 of 6)
associated with potentially adverse condition 11a

Scenario class Performance parameter
Tentative
parameter goal

SCP section
and parameter

category or set

b
Direct (D) or

associated study
or activity

Probability of changing
dip by > 2' in 10,000 yr
by faulting

<10 4 8.3.1.8
Rates of verti-

cal slip and
tilting

8.3.1.17.4.6.2

-Effects of faulting on
flux

Cii Offset on faults jux--
taposes transmissive
and nontransmissive
units, resulting in
,the creation of a
perched aquifer, or
a rise in the water
table, or a change in
hydraulic gradients

Probability of total
offsets >1.0 m in
10,000 yr on faults
within 0.5 km of C-area

Effects of fault offset
on water-table levels
and hydraulic gradients

Faulting will
not affect
flux because
of low slip
rate

<10

Water-table
rise <100 m

Gradients
change <
factor of v

4 .

8.3.1.8
Unsaturated-

zone flow
model

8.3.1.8
Slip rates and

recurrence
intervals

8.3.1.8
Fault location

and geometry
Unsaturated-

zone flow
model

Saturated-zone
flow model

Quaternary water
levels

8.3.1.8.3.1.4,
8.3.1.2.3.2.9

8.3.1.8.3.2.6(D),
8.3.1.17.3.1.3,
8.3.1.17.4.6.2

8.3.1.8.3.2.5,
8.3.1.17.3.1

8.3.1.2.3.2.9

8.3.1.2.1.4.4,
8.3.1.5.3.3.3

8.3.1.5.2.1.5



Table 8.3.5.17-11. Scenario classes and parameters associated with potentially adverse condition 11a
(page 3 of 6)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activityScenario class Performance parameter

Episodic offset on
faults causes local
changes in rock'
hydrologic proper-
ties, thereby
destroying existing
barriers to flow, or
creating barriers to
flow, or creating new
conduits for drainage

Annual probability of
1-m displacement on
Quaternary faults
within 0.5 km of
C-area boundary

Effects of fault motion
on local permeabilities
and effective porosities

Less 4han
10 per
year

Change in
fracture per-
meability is
< factor of 2;
fracture
porosity
increases

8.3.1.8
Slip rates and

recurrence
intervals

8.3.1.8
Evidence of epi-

sodic rock-
property chan-
ges along
faults

8.3.1.8.3.3.2(D),
8.3.1.17.3.1.3,
8.3.1.17.4.6.2

8.3.1.4.2.2.3,
8.3.1.4.2.2.4,
8.3.1.4.2.2.5

Offset on a fault
changes travel path-
way to one with
different geochemical
properties

Probability
sets >1.0
on faults
of C-area

of total off-!
m in 10,000 yr
within 0.5 km
boundary

(10 1 8.3.1.8
Offsets, slip

rates, and
recurrence
intervals

8.3.1.8.4.1.3(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2

Effects of fault offset
on travel pathway

Significant
changes will
not occur

8.3.1.8
Unsaturated-

zone flow
model

Saturated-zone
flow model

8.3.1.2.2.2.9

8.3.1.2.3.3.3

( c (
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Table 8.3.5.17-11. Scenario classes and parameters

(page 4 of 6)
associated with potentially adverse condition 11a

Tentative
parameter goal

SCI section
and parameter

category or set

Di rect (D) 1) or
associated study

or activityScenario class Performance parameter

Offset on a fault
causes changes in
movement of ground-
water that result in
mineralogical changes
along the fault zone

Probability of- movement
and location of
Quaternary faults in
C-area

<10 4/yr
per fault

8.3.1.8
Locations of

Quaternary
faults in
C-area

Slip rates and
recurrence
intervals

8.3.1.8.4.1.2(D),
8.3.1.17.4.6.1

8.3.1.8.13.1.3,
8.3.1.17.4.6.2

Degree of mineralogic
change in fault zone
in 10,000 yr

Adverse
changes in
mineralogy
will not occur

8.3.1.8
Nature and age

of mineralogic
changes along
faults

8.3.1.4.2.2.3,
8.3.1.4.2.2.5

Uplift or
changes
thereby

subsidence
drainage,
changing flux

Probability of exceeding
30-mi elevation change
in 10,000 yr

<10 4 P.3.1.8
Rates uplift and

subsidence
8.3.1.8.3.1.7(D),

8.3.1.8.3.1.6,
8.3.1.17.4.9.2,
8.3.1.17.4.10.3

Tectonic folding
changes dip of tuff
beds in C-area,
thereby changing flux

Probability of changing
dip by >2* in 10,000 yr
by folding

8.3.1.8
Rates of folding 8.3.1.8.3.1.7(D),

8.3.1.4.2.2.1,
8.3.1.4.2.2.4,
8.3.1.4.3.2,
8.3.1.8.2.1.6



Table 8.3.5.17-11. Scenario classes and parameters
(page 5 of 6)

associated with potentially adverse condition Ita

Tentative
parameter goal

SCP section
and parameter

category or set

b.
Direct (D) or

associated study
or activityScenario class Performance parameter

Folding, uplift, or
subsidence lowers
repository with
respect to water
table

Probability that reposi-
tory will be lowered by
100 m through action of
folding, uplift, or sub-
sidence in 10,000 yr

<10 4 8.3.1.8
Rates of subsi-

dence

Rates of folding

8.3.1.8.3.1.6,
8.3.1.17..4.9.2,t
8.3.1.17.4.10.3

8.3.1.4.2.2.1,
8.3.1.4.2.2.4,
8.3.1.4.3.2,
8.3.1.8.2.1.6

Tectonic processes
cause changes in
water table or move-
ment that results in
mineralogic changes
in C--area

Degree of mineralogic
change in the controlled
area resulting from
changes in water-table
level or flow paths in
10,000 yr

Adverse
changes in
mineralogy
will not
occur

8.3.1.8
Probability and

magnitude of
hydrologic
changes

8.3.1.8.4.1.4(D),
8.3.1.8.3.2.2,
8.3.1.8.3.2.3,
8.3.1.8.3.2.4,
8.3.1.8.3.2.6

8.3.1..3.2.2.1,
8.3.1.3.3.2,
8.3.1.3.3.3

Rate of mineral
alteration

Offset on one or
more faults inter-
sects waste pack-
age anddcauses
failure

Number of waste packages
affected by fault pene-
trating repository

Less than 0.5%
of waste
packages
intersected ,
by a single
fault, with a
95% probabil-
ity

8.3.1.8
Characteristics
of faults that
penetrate
repository,
width and
orientation of
Quaternary
faults, number
of waste pack
ages af fect('d
by a fault,

8.3.2.2.7,
8.3.1.3.3.1,
8.3.1.17.4.2,
8.3.1.17.4.6.1,
8.3.1.17.4.6.2

(
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Table, 8.3.5.17-11. Scenario classes and parameters

II I -I (page 6 of 6) ." -
associated with potentially adverse condition 11a

b
SCP section Direct (D) or

-..' .. -.... '' Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or activity

'Probability of faulting Annual probabi-
with displacement Iitt less than
over 5 cm in reposi- 10 of fault-

* tory ing with dis-
placement over
cm

Ground motion- clauses Expected ground motion at Probability of .8.3.1.17
-spAlling.or failure emplacement boreholes exceeding Probability of 8.3.1.17.3.5.2,
and closes air gap in 1,000-yr period. ground motion. ground motion 8.3.1.17.3.6.2
around waste pack- values (0.1
ages in 1,000 yr

Folding or distributed Rate of deformation due Waste-emplnce- 8.3.1.8
shear causes waste- . to folding or distri- ment bore- Nature and age 8.3.1.4.2.2.1,
emplacement-borehole buted shearing in holes will of folding in 8.3.1.4.3.2,

-deformation and re- repository horizon be subject to repository 8.3.1.17.4.12.1,
sults ift waste-pack- <0.005 shear. 8.3.1.8.2.1.2'
age failure - - strain in

1,000 yrs as
a result of
folding or
deformation

aScenario classes, performance parameters, and parameter goals are from Section 8.3.5.13, except where
noted.

E Study 'or activity directly addresses scenario.
CC-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition or

controlled area.
Scenario class, performance parameter, and parameter goal are from Section 8.3.2.2.



CONSULTATION DRAFT

to strengthen the strategy is included in Table 8.3.5.17-11 (PAC 11). This
table lists the scenario classes associated with fault movement and ground
motion developed in Section 8.3.5.13. The performance parameters needed to
evaluate these phenomena and the characterization programs that will provide
the information to develop these parameters are also listed in this table.

Potentially adverse condition 13: Indications, based on correlations of
earthquakes with tectonic processes and
features, that either the frequency
of occurrence or magnitude of earthquakes
may increase.

Like PAC 12, PAC 13 is concerned with the potential for seismic
activity, including ground motion and faulting, that could adversely affect
the performance of the repository in the postclosure period. The information
needed for this PAC is the same as that for PAC 12 and will be investigated
through PAC 11. The information needs for this PAC are defined in Table
8.3.5.17-11 (PAC 11). The available information is insufficient to determine
whether future seismic activity is likely to be more frequent or of higher*
magnitude than historic seismicity. The maximum earthquake magnitude in the
historical record and the record of Quaternary faulting within the geologic
setting are assumed to be the strongest indicators of future earthquake -

potential for the postclosure time frame. Difficulty in interpreting the
Quaternary faulting record suggests that the historical record may not reveal
the largest earthquake that could occur at Yucca Mountain. Given this inter-
pretation, it is possible that the-geologic setting of the Yucca Mountain
site may experience earthquakes of higher magnitude or frequency than have
been historically observed. The strategy for resolution of this PAC is to
demonstrate that although the condition may be present, it will not signifi-
cantly affect the ability of the geologic repository to meet the performance
objectives relating to isolation of the waste. The characterization work
that will provide the information needed for resolving this PAC is listed in
Table 8.3.5.17-11.

Potentially adverse condition 14: More frequent occurrence of earthquakes or
earthquakes of higher magnitude than is
typical of the area in which the geologic
setting is located.

This PAC is concerned with the potential for future seismic activity to
adversely affect the postclosure performance of a geologic repository. The
frequency and magnitude of earthquakes at Yucca Mountain during the several
years of close monitoring is the same as or less than that for the southern
Basin and Range Province. Furthermore, it is not expected that future
seismicity at the site will be more frequent or of higher magnitude than is
typical of the region in which the geologic setting is located. The strategy
for resolution of this PAC is to test the hypothesis that this condition is
not present at the Yucca Mountain site.

The information needed to evaluate this PAC is identical to that needed
for PACs 12 and 13, and the information needs for this PAC are included in
Table 8.3.5.17-11 (PAC 11). Data to be collected to address PAC 11 are
expected to be adequate for resolving PAC 14.

8.3.5.17-70
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Potentially adverse condition 15: Evidence of igneous activity since the
start of the Quaternary Period.

This PAC is concerned with igneous activity during the next 10,0O0 yr
that could adversely affect the performance of a repository system. Igneous
activity could cause direct releases of radionuclides to the accessible
environment as a result of an extrusive event. Igneous activity could also
affect releases indirectly by disrupting the geohydrologic conditions at a
site (increasing the ground-water table altitude, increasing percolation flux
through the repository horizon, changing head gradients in the saturated
zone, or creating surficial discharge points within the accessible environ-
ment) or altering the rock-mass hydrologic or geochemical characteristics
along the potential radionuclide transport pathways.

Although the volcanic rocks in the region of Yucca Mountain are
predominately silicic tuffs and rhyolite domes formed during middle Tertiary,
the youngest volcanic rocks are mostly basalt flows. These basalts were
probably formed as recently as 0.2 to 0.3 million years ago; however, the
dating methods have significant uncertainties. These basalts were formed in
isolated Strombolian eruptions of small volume and short duration. The
strategy for resolution of this PAC is to demonstrate that although the
condition is present, it will not significantly affect the ability of the
geologic repository to meet the performance objectives relating to isolation
of the waste..

The likelihood and extent of igneous activity during the next 10,000 yr
and its effects on site characteristics will be investigated during site
characterization. Table 8.3.5.17-12 shows the scenario classes associated
with igneous activity that will be considered in the overall system perfor-
mance assessment. The table also lists the performance parameters for which
values will be obtained during site characterization. The site characteri-
zation data to be collected to address this PAC are listed by parameter
category or set in Table 8.3.5.17-12. Table 8.3.5.17-12 also references the
section that discusses the data to be collected and the associated studies
and activities.

Potentially adverse condition 16: Evidence of extreme erosion during the
Quaternary Period.

This potentially adverse condition is concerned with the potential for
erosional processes to adversely affect the isolation capabilities of the
site. Repository performance could be directly affected through denudation
of the underground facility or indirectly affected through disturbance of the
hydrologic system, such as the creation of new ground-water discharge points
within the controlled area.

Erosional processes in the area of Yucca Mountain site have been, and
continue to be, dominated by a general pattern of upland erosion, piedmont
transport, and basin deposition (Section 1.1.3.3.2). Average downwasting
rates over the past 1 to 5 million yr have been 0.5 to 2.0 cm per thousand
years. Assuming that these rates would continue,-the total downwasting would
amount to a maximum of approximately 20 cm during the next 10,000 yr. Large-
scale rapid mass wasting has not played a major role in the erosional regime
at the site. Although generally stable, episodes of rapid erosion have

8.3.5.17-71



Table 8.3-5.17-12. Scenario classes and parameters associated with potentially adverse condition 15a
1- (page I of 5)

Scenario class, 'Performance parameter
Tentative

parameter goal

SCIP section
land parameter
category or set

Direct (D)b or
associated study

or activity

Igneous intrusion
penetrating reposi-
tory resulting in
failure of waste' '

c
packages

-14

Probability of igneous
intrusion penetrating
repository

Effects of igneous
intrusion penetrating
repository

Annual probability ao
volcanic eruption that
penetrates the reposi-
tory

Effects of volcanic
eruption penetrating
repository, including
area of repository
disrupted

Volcanic, eruption
penetrates reposi-
.tory and causes

I direct releases to
the accessible
environment -

Annual probabilg'ty
less than 10

Less than 5% of
waste packages
disrupted

(10 /yr

Given occurrence,
<0.1% of
repository area
disrupted with
a conditional
probability of
<0.1 of being
exceeded in
10,000 yr

8.3.1.8
Probability'

of intrusion

8.3.1.8
Geometry of

intrusions
Number of waste

packages dis-
rupted

8.3..1.8
Probability

of eruption

8.3.1.8
Effects of

eruption

8;3; I.8.2.1 .1(D),

8.3.1.8.1.1.4

.8.3.1.8.1.2..1,'
8.3.1.17.4.12.1

8.3.1.8.1.2.1,'
' 8.3.2.2.6.2,.

8.3..2.2.7.1

8..3.1.8.1.2(D),
8.3.1.8.1.1.4

8.3.1.8.1.2.1,
8.3.1.8.1.2.2

(. ( (
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Table 8.3.5.17-12. Scenario classes and parameters associated with potentially adverse condition 15a

(page 2 of 5)

Scenario class * Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activity

Volcanic eruption
causes flows or
other changes in
topography that
result in impound-
ment or diversion
of drainage

Igneous intrusion,
such as a sill, that
could result in a
significant change
in average flux

Annual probability of
volcanhc events within
C-area

Effects of a volcanic
event on topography
and flow rates

Annual probability of
igneous intrusion in
the C-area

Effects of an igneous
intrusion on flux

<10 65/yr

Show topographic
changes are not
great enough to
affect flux

Show <10 /yr

Show igneous
intrusion will
not affect flux
because of
depth, location,
and extent of
intrusion

8.3.1.8
Probability of

volcanic event

8.3.1.8
Topographic

effects of
eruption

8.3.1.8
Probability of

igneous intru-
Sion

8.3.1.8
Locations and

geometry of
possible intru-
sions at site

Unsaturated-zone
flow model

Saturated-zone
flow model

8.3.1.8.3.1.2(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

8.3.1.8.1.2.1,
8.3.1.8.1.2.2

8.3.1.8.3.1.2(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

8,3.1.8.1.2.1,
8.3.1.17.4.12.1

8.3.1.2.2.6

8.3.1.2.3.3



Table 8.3.5.17-12. Scenario classes and parameters associated with potentially adverse condition 15a
(page 3 of 5)

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activity

Igneous intrusion
causes barrier to
to flow or thermal
effects that alter
water-table level
(or hydraulic
gradients)

Annual probability of
an igneous intrusion
within 0.5 km of
C-area boundary

<10-b /yr

Barrier-to-flow effects . Water table ri
of igneous intrusions <100 m
on water-table levels

8.3.1.8
Probability of

igneous intru-
sion

se 8.3.1.8
Locations and

geometry of
possible intru-
sions at site

Saturated-zone
flow model

se 8.3.1.8
Locations and

geometry of
possible
intrusions at
site

Saturated-zone
flow model

ge 8.3.1.8
4 Thermal effects

near intrusion

Thermal effects of igne-
ous intrusions on
water-table levels

Thermal effects of
igneous intrusions on
hydraulic gradients

Water table ri
<100 mi

Gradients chan,
< factor of

8.3.1.8.3.1.2(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

8.3.1.8.1.2S.1,
8.3.1.17.4.12.1

8.3.1-.2.1.4.4,1
8.3.1.2.3.3.3

8.3.1.8.1.2.1,
8.3. 1; 17.4. 12. 1

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

8;3.1.8.1.2.1

(
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Table 8.3.5.17-12. Scenario classes and parameters associated with potentially adverse condition 15 a

(page 4 of 5)

Scenario class Performance parameter
Tentative

parameter goal

SC1P section
and parameter

category or mot

Direct (D) ' or
associated study

or activity

Igneous intrusions
cause changes in
rock hydrologic pro-
perties

Annual probability of
igneous intrusions
within 0.5 km of
,C-area boundary

<10- /yr 8.3.1.8
Probability of

igneous intru
sion

8.3.1.8.3.3.1(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

Effects of igneous
intrusions on local
permeabilities and
effective porosities

No significant
changes in rock
hydrologic pro-
perties

8.3.1.8
Locations and

geometry of
possible
intrusions

Effects-of
intrusions on
hydraulic pro-
perties

8.3.1.8.1.2.1,
8.3.1.17.4.12.1

8.3.1.8.3.3.1

Igneous intrusions
cause changes in
rock geochemical
properties .

Annual probability of
igneous intrusions
within 0.5 km of
C-area boundary,

<10- /yr 8.3.1.8
Probability of

igneous intru-
sions

8.3.1.8.4.1.1(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1



Table 8.3.5.17-12. Scenario classes and parameters associated with potentially adverse condition 15a
(page 5 of 5)

Scenario class
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study
or activityPerformance parameter

Effects of igneous
intrusions on local
rock geochemical
properties

Potential changes
in mineralogy
will not be
extensive

8.3.1.8
Mineralogic

changes
Rates of mineral

alteration

8.3.1.8.5.2.2

8.3.1.3.2.2.1,
8.3.1.3.3.2,
8.3.1.3.3.3

aScenario classes, performance parameters, and parameter goals are from Section 8.3.5.13, except as
notedg.

cStudy or activity directly addresses the scenario.
dScenario class, performance parameter, and parameter goal are from 8.3.2.2.
C-area = the controlled area, i.e., the actual area chosen according to the 10

controlled area.
CFR 60.2 definition of

( C (
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EQ MARKUP/FDP-1
7-Dec-87/#158

occurred locally in areas of concentrated f luvial activity.- In these areasS,
rates.of.streaam incision, averaged over the past 0.15 to 0.3 million yra,
range from 5.3 to 37.6:cm per thousand years. These rates would amoat, to, a
maximum of approximately 3.8 m over the next 10,OQ0 yr. Therefore, it is not
likely that erosion would significantly affect the ability of the Tacca.
Mountain site to meet the performance objectives related to waste isolation.
The strategy for resolution of this PAC is to test the hypothesis that this
condition is not present at the Yucca Mountain site.

Because of these low rates, disturbed-performance scenario classes
associated with erosional processes have not been developed for the Yucca
Mountain site. Furthermore, no information needs associated with the
nominal-case scenario are identified for erosion. The underground facility
will be at least 200 m below the surface at all points. Therefore, direct
releases resulting from denudation are considered to be not credible during
the next 10,000 yr. Even the rates associated with stream incision are not
expected to affect the ground-water flow important to waste isolation.
Although erosion-related site data are limited, no new site data are neces-
sary to address this condition. Some erosion data will be collected for
purposes other than characterizing extreme erosion (Section'8.3.1.6), and
these data will be used to test the hypothesis that this PAC is not present
at the site.

Potentially adverse condition 17: The presence of naturally occurring
materials, whether identified or undis-
covered, within the site, in such a form
that: (i)' Economic extraction is cur-
- rently feasible or potentially feasible
during the forseeable future; or (ii)
Such materials have a greater gross value
or net value than the average for areas of
similar size that are representative of
and located within the geologic setting.

This PAC is concerned with the potential for future human activities
associated with resource exploration and exploitation at the site that could
adversely affect the isolation capabilities of-the site. Such activities
include exploratory drilling, surface and subsurface mining, and ground-water
withdrawal. These activities could result in direct radionuclide releases to
the accessible environment if radioactive material were brought up to the
surface along with the resource or in the course of exploration. The activi-
ties could also indirectly affect isolation -if the geohydrologic or geochemi-
cal. conditions of the site were disturbed.

There are no known occurrences of economic mineral resources at the
Yucca Mountain site (Section 1.7).; Preliminary analyses of drill-core
samples at Yucca Mountain suggest there are no mineral occurrences in any
significant abundance that could be economically feasible to extract 'in the
near future. Comparison of the .site with similar regions, where mineral
resources have been founds indicates that there are some similarities in rock
types and depositional environments for economic-minerals; however, the
occurrences at Yucca Mountain are not expected to be unique or of a higher
value. The potential for energy resources (uranium, hydrocarbon, oil, and
gas) at the site is considered very low. Deep boreholes in the region have

8.3.5.17-77
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failed to detect the presence of any significant quantities of hydrocarbon,
oil, or gas. Most of the southern-Great Basin, including the Yucca Mountain
site, has a potential for low- to moderate-temperature geothermal develop-
ment. Data from wells at Yucca Mountain, however, suggest low heat flow and
the great depth to water would preclude geothermal energy development at the
site.

Ground-water resources exist near the Yucca Mountain site. The extent
of the resource is unknown; however, the limited ground-water resources in
southern Nevada make the ground-water resources proximal to the site
attractive for future extraction. The ground-water resources within the
site, however, are not considered feasible for economic extraction because of
depth to the ground water, topographic conditions, land-use restrictions at
the repository site, and the expected availability of ground-water resources
outside of the controlled-area boundary. Ground-water withdrawal near the
controlled area is discussed in PAC 2.

The strategy for resolution of. this PAC is to test the hypothesis that
this condition-is not present at the Yucca Mountain site,

The potential for human activities that are associated with resource
exploration and extraction at the Yucca Mountain site and their effects on
the site characteristics will be investigated during site characterization.
Scenario classes associated with human activities have been de'veloped for
this purpose. Table 8.3.5.17-13 shows the scenario classes that will be
evaluated in the overall system performance assessment and the performance
parameters associated with those scenarios for which values will be obtained.
Because of the unpredictable nature of human activities, goals cannot be set
for many of these parameters (see Section 8.3.5.13 and the discussion of PAC
2). Nevertheless, investigations will be conducted to obtain information
needed to evaluate these parameters, and these investigations are also listed
in this table. The site characterization data to be collected to address
this PAC are listed by parameter category or set in Table 8.3.5.17-13. Table
8.3.5.17-13,also references the section that discusses the data to be
collected and the associated studies and activities.

Potentially adverse condition 18: Evidence of subsurface mining for
resources within the site.

This potentially adverse condition is concerned with the potential for
past or present mining-related 'activities to adversely affect the performance
of-a repository. There is no evidence of mining activity within 10 km of the
Yucca Mountain site (Section 1.6.4). Surface exploration of the area found
no evidence of abandoned underground mines, surface mines, or prospecting
drillholes.

The strategy for resolution of this PAC is to test the hypothesis that
this condition is not present at the Yucca Mountain site. The available
evidence is sufficient to address this PAC, and no additional site data are
called for. Information needed to evaluate future mining activities is
identified in Table 8.3.5.17-13.

8.3.5.17-78
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Table 8.3.5.17-13. Scenario classes and parameters associated with potentially adverse, condition 17a

-f

Scenario class
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D) or
associated study

or activity- Performance parameter

Exploratory drilling
-intercepts a-waste
package and brings
waste up with core
or cuttings

Presence and readability
-of C-areaC markers over
next 10,000 yr

>50% chance that
markers are ,
readable over
next 10,000 yr

8.3.1.9
Rates of

processes
decreasing
survival
period, visi-
bility, or
readability
of markers

8.3.1.9.3.1.1(D),
8.3.1.9.1.1

Expected drilling rate
(number of boreholes/
km /yr) in C-area
over the next 10,000 yr

Distribution of depths of
of exploratory drillings

Distribution of diameters
of exploratory drill
holes

Expected drill-
ing rate 4
< x 10 ./
km /yr

No goal (human
activity)

No goal (human
activity)

8.3.1.9
Types and loca-

tions of
inferred
resources

Expected explor-
atory methods

8.3.1.9
Expected explor-

atory methods

8.3.1.9
Expected explor-

atory methods

8.3.1.9.2.1

8.3.1.9.3.1.1

8.3.1.9.2.1,
8.3.1.9.3.1.1

8.3.1.9.2.1,
8.3.1.9.3. 1. 1

baScenario classes, performance parameters, and parameter goals are from Section 8.3.5.13.-
Study or activity directly addresses the scenario. .

C-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of
controlled area.
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Potentially adverse condition 19: Evidence of drilling for any purpose
within the site.

This PAC is concerned with the potential for past or present drilling to
adversely affect the performance of a repository, e.g., by providing pathways
for transport of radionuclides from the repository.

A study has been made of the available records, and all the area within
a 10-km radius around the perimeter drift outline has been physically
examined during surface mapping operations. A total of 184 drillholes within
the 10-km radius has been reported (Section 1.6.1). Two of these drillholes,
the J-12 and J-13 water wells, were completed for water supply for the
Nuclear Rocket Development Station work in 1957 and 1963, respectively. The
other 182 holes were drilled under the control of the Nevada Test Site
Operations Office for the NNWSI Project during exploratory work to investi-
gate the site. If the wording of this PAC related the significance of
drillholes to the ability of the site to isolate waste, the strategy for PAC
resolution would be to test the hypothesis that the PAC is not present;
however, since the PAC, as stated, refers only to evidence of drilling, the
strategy for PAC resolution is to demonstrate that although the condition is
present, it will not affect significantly the ability of the geologic repos-
itory to meet the performance objective relating to isolation of the waste.

Scenarios associated with drilling for purposes other than those of
previous drilling activities at the site will be investigated in the overall
system performance assessment. These scenario classes are discussed by PAC
17, and the information needed to evaluate this PAC is identified in Table
8.3.5.17-13.

Potentially adverse condition 20: Rock or ground-water conditions that would
require complex engineering measures in
the design and construction of the
underground facility or in the sealing of
boreholes and shafts.

This PAC is concerned with a preclosure condition that could affect
postclosure performance. According to the NRC's statements of consideration
for 10 CFR Part 60, complex engineering measures are not inherently unaccept-
able. The concern lies in the reliability of the measures. Preclosure
failure of such measures could conceivably affect postclosure performance,
for example, through collapse of underground openings or flooding of the
repository. The isolation capability of the repository system during the
postclosure period could then be inferior to that which would exist if
closure had been intentional.

Presently available data indicate that measures beyond those that are
accepted mining practices would not be required to compensate for unfavorable
rock characteristics (Chapters 2 and 6) and ground water conditions (Chapter
3). The strategy for resolution of this PAC is to test the hypothesis that
this condition is not present at the Yucca Mountain site.

Rock characteristics will be investigated further during site character-
ization to satisfy the information needs of both design and performance
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issues. However, no other information associated with particular scenario
classes has been identified for this PAC. Present rock and ground-water
conditions are included in the nominal-case scenario class as described in
Section 8'.3.5.13. Additional studies beyond those described in the sections
cited above are presently believed not to be necessary.

Potentially adverse condition 21: Geomechanical'properties that do not
permit design of underground openings that
will remain stable through permanent
closure.

This PAC is concerned with a preclosure condition that could affect
postclosure performance.- Failure of an underground opening during the pre-
closure period could result in the enlargement of existing fractures or
opening of new fractures that could potentially affect radionuclide trans-
port. In addition, fracturing due to failure of an underground opening could
potentially-increase the amount of ground water reaching the waste package.

No measures beyond those generally acceptable in the mining industry are
expected to be required to maintain stable underground openings through the
preclosure period (Chapter 6). The strategy for resolution of this PAC is to
test the hypothesis that this condition is not present at the Yucca Mountain
site.

Additional studies beyond those described for the nominal-case scenario
class (Section 8.3.5.13, 8.3.2.2 and 8.3.2.5) are presently believed not to
be necessary. The final plans for maintaining stable underground openings
will be presented as part of the license application design.

Potentially adverse condition 22: Potential for the water table to rise
sufficiently so as to cause saturation of
an underground facility located in the
unsaturated zone. -

This PAC is concerned with the saturation of-an underground facility
initially located in the unsaturated zone. A water-table rise that would
flood an underground facility could result from climatic conditions (also
considered in PAC 6), human activity (also considered in PAC 2), or tectonic
processes or events (also considered in PACs 3 and 5).

Climate change, human activities, structural deformation, and igneous
activity are all possible at the site. The effects of these processes are
not, however, expected to produce a water-table rise high enough to saturate
the underground repository. The strategy for resolution of this PAC is to
test the hypothesis that this condition is not present at the Yucca Mountain
site.

Table 8.3.5.17-14 shows the scenarios that will 'be considered in the
overall system performance assessment and that address water-table rise
during the postclosure period. The table also shows the performance para-
meters for which values will be obtained during site characterization to
address these scenarios. The site characterization data to be collected to
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Table 8.3.5.17-14. Scenario classes and par-imeters associated with potentially adverse condition 22a
(page I of 5)

Scenario class Performance parameter
Tentative

parameter. goal

SCP section
and parameter

category or set

'Direct (D)b or
associated study

or activity

Climate change causes
an increase in alti-
tude of water table

I

Extensive irrigation
is conducted near
the C-areac

Expected magnitude of
change.in water-table
leivel due to climatic
changes over the next
10,000 yr

Expected magnitude of
change in altitude of
water table under C-area
due to extensive irriga-
tion near C-area over
next 10,000 yr

Expected mag- I
nitude of .
change in -

water-table .
altitude will
be < + 100 m.

No goal (human
activity)

8.3.1.5
Future climate

model
Saturated-zone

rerharge/flow
models

Paleoclimate
synthesis

Paleodischarge
areas

Analog recharge
data

Vein-deposit
distribution,
age, and origin

8.3.1.9
Irrigation char--

acteristics
Infiltration'
rates

Unsaturated-zone
flow model

Saturated-zone
flow model

8:3. 1.5.2.2.3(D)
8.3.1.5.1.6

8.3.1.2.3.3

8.3.1.5.1.5

8.3.1.5.2.1.3

8.3.1.5.2.1.4

8.3.1.5.2.1.5

8.3.1.9.3.2.2(D),
8.3.1.9.3.2

8.3.1.2.2.1.2

8.3.1.2.2.9

8.3.1.2.3.3.3

. C

02
03

( (



Table 8.3.5.17-14.

( (
Scenario classes and parameters associated with potentially adverse condition 22a
(page 2 of 5)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D) or
associated study

or activityScenario class Performance parameter

Large-scale surface-
water impoundments
are constructed near
the C-area

Extensive surface or
subsurface. mining
occurs near C-area

00

I00

Expected magnitude of
change in water-table
level due to placement
of artificial lake near
C-area in next 10,000 yr

Expected magnitude of
change in water-table
level due to mine
water use or mine
dewatering near C-area
in next 10,000 yr

No goal (human
activity)

No goal (human
activity)

8.3.1.9
Impoundment

characteristics
Infiltration

rates
Unsaturated-zone

flow model
Saturated-zone

flow model

8.3.1.9

8.3.1.9.3.2.2(1)),
8.3.1.9.3.2

8.3.1.2.2.1.1

8.3.1.2.2.9

8.3.1.2.3.3.3

8.3.1.9.3.2

Extensive ground-water
withdrawal occurs
near C-area

Expected magnitude of
change in water-table
level due to extensive
ground-water withdrawal
near C-area in next
10,000 yr

No goal (human
activity)

8.3.1.9 8.3.1.9.3.2.1(D),
8.3.1.9.2.2



Table 8.3.5.17-14. Scenario classes and parameters associated with potentially adverse condition 22a
(page 3 of 5)

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activity

00

coI,

Episodic changes in
. strain in the rock
mass due to faulting
causes changes in
water-table level

Folding, uplift, or
subsidence lowers
repository with
respect to water
table

Offset on faults jux-
taposes transmissive
and nontransmissive
units, resulting in
a rise in the water
table

Probability that strain-
induced changes increase
potentiometric level to
> 850 m mean sea level

Probability that reposi-
tory will be lowered by
100 m through action of
folding, uplift, or
subsidence in 10,000 yr

Probability of total off-
sets > 1.0 m in 10,000 yr
on faults within 0.5 km
of C-area boundary

<10-5 /yr

-4<10

<10-I

8.3.1.8
Magnitudes and

rates of strain,
relation of
properties to
strain

Saturated-zone
flow models

8.3.1.8
Rates of subsi-

dence
Rates of folding

8.3.1.8 8
Offsets, slip

rates, and
recurrence
intervals

8.3.1.8.3.2.3(D),
8.3.1.17.4.8.1,
8.3.1.17.4.8.4,

8.3.1.8.3.3.3

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

8.3.1.8.3.1.6,
8.3.1.17.4.9.2,
8.3.1.17.4.10.3

8.3.1.4.2.2.1,
8.3.1.4.2.2.4,
8.3.1.4.3.2,
8.3.1.8.2.1.6

.3.1.8.3,1.5(D),
8.3.1.8.3.2.6(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2,
8.3.1.17.4.1.2

C c (
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Table 8.3.5.17-14. Scenario classes and parameters associated with potentially adverse condition 22a

(page 4 of 5) I

b,
SCP section Direct (D) or

Tentative and parameter associated study
Scenario class Performance parameter parameter goal category or set or activity

Effects of fault offset
on water-table levels

Show water-table
rise < 100 m

8.3.1.8
Locations of

faults
Saturated-zone

flow model

8.3.1.17.4.6,
8.3.1.17.4.7,
8.3.1.17.4.12,
8.3.1.2.3.3.3

Igneous intrusion
causes barrier to
flow or thermal
effects that alter
water-table level

Annual probability of
igneous intrusion within
0.5 km of C-area boundary

Barrier-to-flow effects
of igneous intrusion on
water-table levels

Show < 10-/yr

Show water-table
rise < 100 m

8.3.1.8
Probability of

igneous intru-
sion

8.3.1.8
Locations and
geometry of
possible intru-
sions at site

Saturated-zone l

flow model

8.3.1.8.3.1.2(D),
8.3.1.8.1.1.4,
8.3.1.8.3.1.1

8.3.1.8.1.2.1,
8.3.1.17.4.12.1

B.3.1.2.1.4.4,
8.3.1.2.3.3.3



Table 8.3.5.17 14. Scenario classes and parameters associated with potentially adverse condition 22a
(page 5 of 5)

Tentative
parameter goal

SCP section
and parameter

category or set

Direct (D)b or
associated study

or activityScenario class Performance parameter

Thermal effects of igneous
intrusions on water-
table levels

Show water-table
rise < 100 m

8.3.1.8
Locations and
geometry of
possible
intrusions at
site

Saturated-zone
flow model

Thermal effects
near intru-
sive bodies

8.3.1.8.1.2.1,
8.3.1.17.4.12.1

8.3.1.2.1.4.4,
8.3.1.2.3.3.3

8.3.1.8.1.2.1Ca

0o'a,
aScenario classes, performance parameters, and parameter goals are from Section 8.3.5.13.
bStudy or activity directly addresses the scenario.
C-area = the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area.
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address this PAC are listed by parameter category or set in Table
8.3.5.17-14. Table 8.3.5.17-14 also references the section that discusses
the data to be collected and the associated studies and activities.

Potentially adverse condition-23: Potential for existing or future perched
water bodies that may saturate portions of
the underground facility or provide a
faster flow path from an underground
facility located in the unsaturated zone
to the accessible environment.

This PAC is concerned with perched-water bodies that could affect the
transport of radionuclides by increasing flux through the unsaturated zone.
These perched-water bodies could result from structural deformation at a site
or from a climate change that produces a significant increase in infiltra-
tion.

The site is located in the southern Great Basin, a tectonically active
region (Section 1.3); however, the effects of tectonism are not expected to
create perched-water bodies that could saturate portions of the underground
repository. Although the potential for existing perche-vater bodies at the
site cannot be ruled cut on the basis of currently atailable information, it
is unlikely that large bodies exist, because they hare not been encountered
in the programr-related drilling performed to date. The strategy for reso-
lution of this PAC it to test the hypothesis that this condition is not
present at the Yucca Fountain site.

Table 8.3.5.17-15 shows the scenarios that have been identified that
could create perched-water bodies in the unsaturated zone at the site. These
scenarios are being considered in the overall system performance assessment.
The table also shows the performance parameters for which values will be -
obtained during site characterization. The categories and sets of site char-
acterization data to be collected to address this PAC are listed in Table
8.3.5.17-15. Table 9.3.5.17-15 also references the section that discusses
the data to be collected and the associated studies and activities.

Existing perched-water bodies, if any, at the site will be identified by
the program of hydrologic testing and modeling proposed for the site. The
development of an unsaturated-zone flow model, using the data from the
hydrologic testing program, will support an evaluation of the potential for
perched-water bodies to have formed at the site under present conditions.-

Potentially adverse condition 24: Potential for the movement of radio-
nuclides in a gaseous state through air-"
filled pore spaces of an unsaturated
geologic medium to the accessible'
environment.

Gaseous transport has been identified as a potentially significant
transport mechanism for a repository located in the unsaturated zone (Section
8.3.5.13). Carbon-14 is expected to be the most important radionuclide
species to be transported in this mode. The total-system performance assess-
ment is therefore investigating gas-phase C-14 releases from the waste form
and the characteristics and mechanisms of gas-phase transport of C-14 in the
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Table 8.3.5.17-15. Scenario classes and parameters associated with potentially adverse condition 23a
. (page Iof s) 2)'

.; . : . , 4

Scenario class
Tentative '

parameter goal

SCP section
and parameter

category or set

Direct (D) or
associated study

or activityPerformance parameter

------- __

Offset on fault
creates impoundments,
alters drainage,
creates perched
aquifers, or changes
dip of'tuff beds

Probability of offset
>2 m on faults in the
C-areac in lO,OOO yr

<log1 8.3.1.8 .
Offsets, verti-

cal slip
rates, and
recurrence
intervals

8.3.1.8.3.1.5(D),
8.3.1.8.3.1.3,
8.3.1.17.4.6.2,
8.3..1.17.4.12

00

Cn

00
00

Probability of changing
dip by >2 in
10,000 yr by faulting

Effect of faulting on flux

<10I 8.3.1.8
Rates of verti-
cal slip and
tilting

8.3.1.17.4.Ei.2

8.3.1.8.3.1.4,
8.3.1.2.2.9 ',

0

'1
Faulting

will not
affect flux
because of
low slip rate

<10 I

8.3.1.8.
Unsaturated-zone

flow model

Offset on fault jux-
taposes transmissive
and nontransmissive
units, resulting in
the creation of a

* perched aquifer or.
a rise in water

-table

Probability of total ofrr-
sets >1.0 m in
10,000 yr on faults
within 0.5 km of
C-area boundary

8.3.1.8
Offsets,, verti-

cal slip rates,
and recurrence
intervals

8.3.1.8.3.2.6(D).,
8.3.1.'8.3.1.3,
8.3.1.17.4.6.2,
8.3.1.17.4.12.,

I
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8.3.5..17-15. Scenario classes and parameters associated with potentially adverse condition 23a

(page 2 of.2)

00I

to

SCP section Direct (Djb or
Tentative and parameter associated study

Scenario class Performance parameter parameter goal categoryor set or activity

Effects of fault offsets Water-table 8.3.1.8
on water-table levels rise <100 m Credible offsets -8.3.1.8.3.1.3

Hydraulic pro- 8.3.1.8.3.3.2
perties of
faults

Unsaturated-zone 8.3.1.8.3.1.4,
flow model 8.3.1.2.2.9

Climatic.change causes Expected magnitude of Flux change 8.3.1.5.2
- increase in :infiltra- flux change due to will be <5 Future,climate 8.3.1.5.2.2.2,
,'tion over C-area climatic change over mm/yr model 8.3.1.5.1.6

next 10,000 yr Infiltration 8.3.1.2.2.1.2
characteris-
tics

Unsaturated- 8.3.1.2.2.9
zone flow
model

bScenario classes, performance parameters, and parameter goals are from Section 8.3.5.13.
-Study or activity directly addresses scenario.
- -zone =,the controlled area, i.e., the actual area chosen according to the 10 CFR 60.2 definition of

controlled area. ,
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unsaturated rock units overlying the repository in the nominal-case scenario
class (Section 8.3.5.13).

Available evidence suggests that this condition may be present. The
strategy for resolution of this PAC is to demonstrate that although the
condition is present, it will not significantly affect the ability of the
geologic repository to meet the performance objectives relating to isolation
of the waste.

The information needs for the nominal-case scenario relevant to movement
of C-14 in the gaseous state in the unsaturated zone are summarized in Table
8.3.5.17-16. The investigations supporting those information needs are also
listed in this table. The site characterization data to be collected to
address this PAC are listed by parameter category or set in Table
8.3.5.17-16. Table 8.3.5.17-16 also references the section that discusses
the data to be collected and the associated studies and activities.

Discussion of the favorable conditions

This section provides individual discussions of the favorable conditions
(FCs) listed in 10 CFR 60.122. For each FC, the discussion identifies the
tentative strategy (present or not present) called for in Step 1 of Figure
8.3.5.17-2. Also, the potential contribution of the FCto performance is
discussed, and the site characterization data needed for addressing the FC
are identified.

Favorable condition 1: The nature and rates of tectonic, hydrogeologic, geo-
chemical, and geomorphic processes (and any of such
processes) operating within the geologic setting
during the Quaternary Period, when projected, would
not affect or would favorably affect the ability of
the geologic repository to isolate waste.

Available evidence indicates that there were processes operating during
the Quaternary that, if projected into the future, would contribute to iso-
lating waste. Certain geochemical conditions, for example, would retard the
transport of radionuclides to the accessible environment. These geochemical
processes include the sorbing of radionuclides by the mineralogic assemblages
along the flow path and the precipitating of radionuclides out of solution.
Also, the rates of erosional processes during the Quaternary were relatively
low and, if continued into the future, would not disrupt the performance of
the repository system. The strategy for resolving this FC with respect to
these Quaternary processes is to demonstrate that they would favorably affect-
the ability of the repository to isolate waste.

Some aspects of the tectonic setting, however, could be disruptive if
they were to continue into the future. Both faulting and volcanic activity
were present within the geologic setting during the Quaternary and, depending
on the extent of these processes, could adversely affect the hydrologic
system by raising the water table level, changing the flow path through the
unsaturated zone, changing gradients in the saturated zone, or creating
surficial discharge points within the controlled area. Also, the hydrologic
system within the geologic setting during the Quaternary, though generally
favorable, was influenced by cyclic fluctuations in precipitation. This
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Table.8..3.5.17-16. Scenario classes and parameters associted with potentially adverse condition 24a

C

Scenario class Performance parameter
Tentative

parameter goal

SCP section
and parameter

category or set

* Direct (D)b or
associated study

or activity

Nominal case
..(undisturbed
- performance)

Fraction of carbon-14
that could be released
in gas phase .

<10% 8.3.5.10.4
Model of

spent-fuel
release

8.3.5.10.3.3. 1(D),

Mean residence time of
released carbon-14
dioxide in unsaturated-

..: zone units

4.A

>30,000 yr 8.3.1.2.2,
8.3.1.3.8.2
Gas composition,

transport
mechanisms,
flow paths,
water chemis-
try and
physics

8.3.1.2.2.3,
8.3.1.3.8.1.1(D),
8.3.1.3.8.1.2(D)

a
bScenario classes, performance parameters, and parameter goals are from Section 8.3.5.13.

I bStudy or activity directly addresses scenario. ;
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resulted in sometimes greater flux and higher water-table altitudes than
presently exist. If these tectonic and hydrogeologic conditions were to
reoccur in the future, ground-water travel time to the accessible environment
could be decreased and subsequently the rate of radionuclide transport
increased. The strategy for resolving this FC with respect to these
potentially disruptive processes is to demonstrate that they will not affect
the ability of the repository to isolate waste.

The overall strategy for resolving this FC is to test the hypothesis
that it is present at the Yucca Mountain site. The various programs that are
planned for site characterization will investigate the processes operating -

within the setting during the Quaternary and use the information as a basis
for pre-dicting future processes, events, and conditions. Overall, the
geologic setting is expected to exhibit sufficient favorable characteristics
to ensure waste isolation. The descriptions of the various site conditions
are given in Chapters 1 through 5, and the discussions of the various
characterization programs are given in Section 8.3.1. The data needed to
evaluate the effects of the potentially disruptive conditions are discussed
above in the issue-resolution strategies for PACs.

Favorable condition 2: For disposal in the saturated zone, hydrogeologic
conditions that provide: (i) a host rock with low
horizontal and vertical permeability, (ii) downward
or dominantly horizontal hydraulic gradient in the
host rock and surrounding hydrogeologic units, and
(iii) low vertical permeability and low hydraulic
potential between the host rock and surrounding
hydrogeologic units.

Because disposal at the Yucca Mountain site will be in the unsaturated
zone, this favorable condition is not present at the site.

Favorable condition 3: Geochemical conditions that: (i) promote precipita-
tion or sorption of radionuclides, (ii) inhibit the
formation of particulates, colloids, and inorganic
and organic complexes that increase the mobility of
radionuclides, or (iii) inhibit the transport of
radionuclides by particulates, colloids, and
complexes.

Favorable condition 3 is concerned with conditions that would reduce
radionuclide transport through precipitation or sorption. This condition is
also concerned with the absence of conditions that would interfere with these
processes. These conditions include the formation of or transport by
particulates, colloids, and organic and inorganic complexes.

Available evidence indicates that some aspects of favorable condition 3
are expected to exist at the Yucca Mountain site. Conditions present at the
site are expected to promote precipitation of some radionuclides. Present
evidence indicates that many radionuclide oxides are least soluble in solu-
tions of neutral pH (8-8). Water samples taken from wells near the site have
pH values in this range. Conditions at the site are also expected to promote
the sorption of radionuclides. Highly sorbing zeolitic and clay minerals are
common in the tuffaceous beds of Calico Bills that underlie the proposed
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repository horizon. The hydrologic flow path from the proposed host rock is
expected to be downward through the unsaturated Calico Hills to the saturated
zone, and sorptive processes are expected to retard migrating radionuclides.

Insufficient information is available at this time to state a definite
expectation regarding the formation of colloids, particulates, or complexes.
Colloids may form and there may be a potential for the transport of radio-
nuclides as colloids or as complexes or by particulates, but the relative
significance or importance of these processes is not yet determined.

The strategy for resolving this FC is to demonstrate that the condition
is present at the Yucca Mountain site. The geochemistry test program will
investigate radionuclide sorption and solubility. Furthermore, the test
program will investigate the'formation and stability of radiocolloids, the
sorption of radionuclides on particulates and colloid material, and the
potential for transport and retardation of particulates and colloids. The
test program will provide the necessary information to determine the-
potential for radionuclide retardation, and this information will be used in
determining compliance with the waste-isolation performance objective (10 CFR
60.112, Issue 1.1, Section 8.3.5.13).

The investigations that address favorable condition 3 fall into two
categories. The first category of investigations study (1) radionuclide
sorption in a nonadvective and advective system and (2) the solubility of
radionuclides. Investigations and studies in this category are

1. Investigation 8.3.1.3.4 (radionuclide retardation by sorption
processes) including Studies 8.3.1.3.4.1 through 8.3.1.3.4.3.

2. Investigation 8.3.1.3.5 (radionuclide retardation by precipitation
processes) including Studies 8.3.1.3.5.1 and 8.3.1.3.5.2.

3. Investigation 8.3.1.3.6 (radionuclide dispersion, diffusion, and
advection) including Studies 8.3.1.3.6.1 and 8.3.1.3.6.2.

The second category includes investigations that study (1) radiocolloid
formation and stability, (2) sorption of radionuclides by particulates or
colloids, (3) the transport of radionuclides (retardation) in general and
transport by colloids or particulates, and (4) the overall potential for
radionuclide retardation. Investigations and studies in this category are

1. Investigation 8.3.1.3.4 (radionuclide retardation by sorption
processes) including Study 8.3.1.3.4.1 and Activity 8.3.1.3.4.1.4
(sorption by particulates and colloids).

2. Investigation 8.3.1.3.5 (radionuclide retardation by precipitation
-processes) including Study 8.3.1.3.5.1 (colloid formation).

3. Investigation 8.3.1.3.6 (radionuclide dispersion, diffusion, and
advection) including Studies 8.3.1.3.6.1 and 8.3.1.3.6.2 (transport
processes)- and Activity 8.3.1.3.6.1.5 (filtration particulate
transport).
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4. Investigation 8.3.1.3.7. (radionuclide retardatjon, by all processes)
including Study 8.3.1.3.7.1 (retardation sensitivity analysis).

The descriptions of these investigations provide detailed discussions of
the.-studies and.their interrelationships., Equally informative is.the
overview to the geochemistry-test program (Section 8.2). -

Favorable condition 4: Mineral assemblages that, when subjected to
anticipated thermal loading, will remain unaltered or
alter to mineral assemblages having equal or
increased capacity to inhibit-radionuclide migration.

Under expected repository conditions, the present high radionuclide-
retardation capacity of thetuff units at Yucca Mountain is not qxpected to
-be significantly, degraded and may, in fact, be increased.- Zeolitic minerals
(clipoptilolite and mordenite) are expected to contribute most to inhibiting
radionuclide, migration through.sorptive processes. Most of the sorptive
seolites are located below the proposed.repository.horizon and are not
expected to be significantly altered under.the expected postemplacement
thermal loading.

The minerals that could be.affected by thermal loads include feldspar-
silica assemblages, the heulandite-smectite. assemblage, and volcanic glass.
Feldspar-silica assemblages have a low sorbing capacity that is unlikely to
decrease significantly under expected repository conditions. The.heulandite-
smectite assemblage', which together with volcanic glass comprises approxi-
mately 2 percent-of the host rock, might be affected-by the increase in
temperature.' However, the potential loss ofsorption from alteration of
these zeolites in' ihe host rock represents a very small proportion of the
total sorption potential of the zeolites in the underlying Calico Hills unit,
where the thermal effects of the waste are expected to be much lower than in
the host rock.' Studies of volcanic glass alteration suggest that the glassy
rock could alter to,,.silica-feldspar-zeolite-smectite assemblages. The high
sorptive properties of the zeolite-smectite assemblages could possibly
enhance the overall sorptive capacities along radionuclide migration
pathways.

The strategy:for resolving this FC is to test the hypothesis.thbat it is
present at.the Yucca Mountain site. The geochemistry test program will.
investigate the mineral assemblages already present at Yucca Mountain in.
order to adequately characterize the potential for future mineral alteration.
The test program will (1) evaluate the present ground-water composition to
establish the rock, mineral, and water interactions; (2) establish the
alteration history'bf the minerals present at Yucca Mountain;, (3) experi-
mentally investigate mineral stability; (4) establish the thermodynamic data
base for mineral alteration; and (5).develop a conceptual-model of mineral
evolution that would allow a prediction of potential future changes in
mineralogy due to the expected thermal loading. The potential mineral
changes will be assessed in terms of the sensitivity of radionuclide
retardation to potential mineral changes, particularly changes in sorptive
minerals. The portions of the geochemistry test program that will provide
this information are
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1. Investigation -8.3.1.3.1 (water chemistry) including'Study
8.3.1.3.1.1 (ground-water chemistry model).

2. Investigation 8.3.1.3.2 (mineralogy, petrology, and rock chemistry)
including Study 8.3.1.3.2.2 (alteration history) and Activities
8.3.1.3.2.2.1 (past alteration) and 8.3.1.3.2.2.2 (heating
experiments on sorbing minerals).

3. Investigation 8.3.1.3.3 (mineral and glass stability) including
Studies 8.3.1.3.3.1 through 8.3.1.3.3.3 (the thermodynamic and
kinetic experimental and theoretical work to develop a conceptual
model of mineral evolution).

4.- Investigation 8.3.1.3.7 (radionuclide retardation by all processes).

Favorable condition 5: Conditions that permit the emplacement of waste at a
minimum depth of 300 meters from the ground surface.
(The ground surface shall be deemed to be the
elevation of the lowest point on the surface above
the disturbed zone.)

The unsaturated, densely welded, devitrified portion of the Topopah
Spring has been selected as the preferred repository horizon. The ranking
criteria used to select the horizon included (1) ground-water travel time,
(2) allowable gross thermal loading, (3) excavation stability, and (4)
relative economics. In the primary area, only 50 percent of the waste could
be emplaced at least 300 m below the ground surface.. The strategy for
resolving this FC is to claim that it is not present at the Yucca Mountain
site. It will not be investigated further.

Favorable condition 6: A low population density within'the geologic setting
and a controlled area that is remote from population
centers.

The Yucca Mountain site is located in a county with a population density
of 0.5 person per square mile. This is substantially less than the average
for the continental United States, which is 76 persons per square mile.
Also, the controlled area is located 137 km (85 mi) by air from the city of
Las Vegas, Nevada, the nearest highly populated area.

The strategy for resolving this FC is to test the hypothesis that it is
present at the Yucca Mountain site. The identification of additional
information that might be necessary to address population density and
distribution concerns, and subsequently provide additional evidence regarding
this favorable condition, is outside the scope of this document.' Information
required to address population density and distribution concerns will be
identified through environmental scoping hearings and presented in the
environmental impact statement. ,

Favorable condition 7: Pre-vaste-emplacement ground-water travel time along
the fastest path of likely radionuclide travel from
the disturbed zone to the accessible environment that
substantially exceeds 1,000 yr.

8 3 .
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Preliminary calculations of the ground-water travel time from the
disturbed zone to the accessible environment, have been made. Using an upper
bound of 0.5 mm/yr for flux through the repository horizon, the mean travel
time was calculated to be approximately 43,400 yr, with a range of 9,500 yr
to 80,200 yr. These calculations were based on available data and the
current understanding of the geohydrologic flow system.

The strategy for resolving this FC is to test the hypothesis that it is
present at the Yucca Mountain site. Additional data are needed to refine the
unsaturated- and saturated-zone models so that more accurate calculations can
be made. Issue 1.6 (Section 8.3.5.12) addresses the NRC performance
objective for pre-waste-emplacement ground-water travel time (10 CFR 60.113).
This objective requires that the ground-water travel time from the disturbed
zone to the accessible environment be at least 1,000 yr for a site to be
acceptable. The strategy to demonstrate compliance with the objective,
thereby resolving Issue 1.6, is presented in Section 8.3.5.12. The infor-
mation needs identified in the strategy for Issue 1.6 are expected to be
sufficient to determine the extent to which this favorable condition is
present at Yucca Mountain, i.e., the extent to which the ground-water travel
time exceeds 1,000 yr. This information is given in Section 8.3.5.12.

Favorable condition 8: For disposal in the unsaturated zone, hydrogeologic
conditions that provide: (i) low and nearly constant
moisture flux in the host rock and in the overlying
and underlying hydrogeologic units, (ii) a water
table sufficiently below the underground facility
such that fully saturated voids continuous with the
water table do not encounter the underground facil-
ity, (iii) a laterally extensive low-permeability
hydrogeologic unit above the host rock that would
inhibit the downward movement of water or divert
downward moving water to a location beyond the limits
of the underground facility, (iv) a host rock that
provides for free drainage, or (v) a climatic regime
in which the average annual historic precipitation is
a small percentage of the average annual potential
evapotranspiration.

The strategy for resolving this FC is to test the hypothesis that it is
present at the Yucca Mountain site. Each part of the favorable condition
will be discussed individually.

(i) Low and nearly constant moisture flux

This favorable characteristic is not expected to exist at the Yucca
Mountain site. The moisture flux at the site is expected to be low; however,
the actual magnitude of the flux is expected to vary throughout the host rock
and overlying and underlying units. This variation results from variations
in the matrix and fracture characteristics of the different rock units.
Also, structural features such as fault zones result in areas of higher than
average moisture flux.

<21_
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(ii) Extent of fully saturated voids

Saturated void spaces in the unsaturated zone consist of the capillary
fringe above the water table and any saturated fractures that extend from the
water table upward. The zone of continuous, fully saturated voids (capillary
fringe and saturated fractures) is not expected to extend above the top of
the Calico Hills nonvelded unit below the repository host rock.

Current data'indicate that in the area of Yucca Mountain, the water
table is approximately 500 to 750 m below the ground surface. The proposed
repository horizon is the densely welded, divitrified portion of the Topopah
Spring Member of the Paintbrush tuff. This horizon is approximately 200 to
400 m above the water table.

(iii) Lateral diversion of infiltration

Preliminary evidence suggests that the downward movement of water will
not be diverted completely beyond the limits of the underground facility. It
is expected however, that lateral diversion could occur to some extent, thus
reducing the overall downward flux through the repository. -

The combination of contrasting welded, highly fractured units and
nonwelded, porous units with the general 3 to 8 eastward dip of the units
could promote lateral diversion to some degree. The nonwelded, highly porous
unit of the Paintbrush Tuff overlies the welded, highly fractured Topopah
Spring unit.- Because the permeability of the Topopah Spring unit is much
less than the permeability of the nonwelded unit, a permeability barrier is
expected at the contact. Because the pores of the overlying unit are much
smaller than the fractures of the Topopah Spring unit, a capillary barrier is
also expected. These barriers, together with the dip of the beds, could
result in a general, eastward lateral diversion.

Structural features of high permeability could disrupt this lateral
movement, however. The Ghost Dance fault, for example, could act as a
conduit for downward flow through the repository horizon. The extent to
which these conditions are present needs further investigation to determine
their likelihood and significance.

(iv)- Free drainage

It is expected that the host rock would be freely draining if flux
through the host rock were to increase sufficiently to cause fracture flow.
The welded Topopah Spring unit is highly fractured, which results in a high
bulk permeability. Although matrix flow predominates at lower fluxes,
fracture flow would be expected at higher rates. Existing drill-hole data
support a position that the fractured, welded tuff is continuous beneath the
site; thus, free drainage would be expected throughout the host rock.

(v) Precipitation less than evapotranspiration

Meteorological recording stations at Yucca Mountain have not been in
operation long enough to provide historically significant precipitation
records. Data available from nearby recording stations (Yucca Flat and
Beatty) indicate average annual precipitation values of 145 and 114 mm. The

8.3.5.17-97



CONSULTATION DRAFT -

actual precipitation at Yucca Mountain is expected to be slightly higher.
Taking into account the terrain and high elevation of Yucca Mountain, the
average annual precipitation has been estimated to be approximately 150 mm.
Potential evapotranspiration has been estimated by empirical methods to be
approximately 630 mm/yr. This results in an average annual precipitation
that is roughly 20 percent of the evapotranspiration.

The concerns of favorable condition 8 will be investigated through the
geohydrology test program (Section 8.3.1.2). The concerns.of the first four
parts of.this condition.are included in the investigation of the unsaturated-
zone hydrologic properties and conditions. These properties, shown in
tabular form in Section 8.3.1.2, include fracture and matrix permeability,
flux, flow velocities, matric potentials, moisture content, and infiltration
rates. Collecting data on these properties will allow more quantitative
analyses of the first four parts of this FC. The concerns of the fifth part,
precipitation and evapotranspiration at Yucca Mountain, will be investigated
through the meteorology test program (Section 8.3.1.12). The information
made available through these test programs for the resolution of other issues
is expected to be sufficient to determine the extent to which each aspect of
this favorable condition is present and could contribute to waste-isolation.

Interrelationships of the information needs

The strategies for making the demonstrations required by 10 CFR 60.122
for the potentially adverse conditions.and the favorable conditions rely on
the investigations and assessments of other issues, as explained in the
preceding discussion. All information necessary to make these demonstrations K
is expected to be identified and obtained through the activities of these
other issues. Because the purpose of the demonstrations required for the
conditions is to show that the performance objectives can be met given the
conditions present at the site, it is also expected that the goals and levels
of confidence identified by the other issues are suitable for resolution of
this issue. Therefore, there are no information needs identified specific-
ally. for this issue.
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8.3.5.18 Issue resolution strategy for Issue 1.9: (a) Can the higher-level
findings required by 10 CFR Part 960 be made for the qualifying
condition of the postclosure system guideline and the disqualifying
and qualifying conditions of the technical guidelines for
geohydrology, geochemistry, rock characteristics, climatic changes.
erosion, dissolution, tectonics and human interference; and (b) can
the comparative evaluations required by 10 CF. 960.3-1-5 be made?

The DOE has established a set of siting guidelines to be used as a basis
for evaluating the suitability of potential repository sites during the site
selection process. These siting guidelines, which are set forth in 10 CFR
Part 960, are separated into two categories: those that address postclosure
conditions (10 CFR 960.4) and those that address preclosure conditions (10
CFR 960.5). The manner in which the siting guidelines must be addressed
during the siting process is described by DOE Implementation Guidelines (10
CFR 960.3).

In addition to the preclosure and postclosure guidelines, 10 CFR
Part 960 describes two evaluations that will predict radionuclide'releases to
the accessible environment under expected conditions during the next 100,000
yr (10 CFR 960.3-1-5). These-evaluations will be used to compare the
expected postclosure performance of acceptable sites. The first comparison
will emphasize the performance of the natural barriers; the second will
emphasize the performance of the total system.

Issue 1.9 is concerned with the DOE's postclosure guidelines (Issue
1.9(a)) and the two comparative evaluations (Issue 1.9(b)). The discussion
that follows explains how the guidelines and the- evaluations-will be
addressed and how the necessary information will be made available. Because
the guidelines and the comparative evaluations are distinct, this issue will
be described in two parts.

Regulatory basis for Issue 1.9(a) of the postclosure siting guidelines

The postclosure siting guidelines consist of a system guideline and
eight technical guidelines. The system guideline is'concerned with the
effect of the geologic setting of a site as a-whole on postclosure perform-
ance of the repository system. Each technical guideline, however, is con-
cerned with the effect of some specific aspect of the setting'on postclosure
performance. Each guideline has a qualifying condition that must be met for
a site to be acceptable. In addition, five of the technical guidelines have
at least one disqualifying condition. A site is unacceptable if any one of
the disqualifying conditions is found to be present. The technical guide-
lines also identify favorable conditions and potentially adverse conditions
that describe characteristics of the setting that, if present, could con-
tribute to or detract from the postclosure performance of a site.

The Implementation Guidelines require that the qualifying and disquali-
fying conditions of the system and technical guidelines be evaluated and that
specific findings be-'made for each condition at principal decision points in'
the siting process. These findings are stated in 10 CFR Part 960, Appendix -
III,-and'are shown in Table 8.3.5.18-1. -

8'. a . is"-I
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Table 8.3.5.18-1. Findings for qualifying and disqualifying conditions

Disqualifying condition--lower-level findings

Level 1 (a) The evidence does not support a finding that the site is
disqualified.

(b) The evidence supports a finding that the site is disqualified.

Disqualifying condition--higher-level findings

Level 2 (a) The evidence supports a finding that the site is not disquali-
fied on the basis of that evidence and is not likely to be
disqualified.

(b) The evidence supports a finding that the site is disqualified
or is likely to be disqualified.

Qualifying condition--lower-level findings

Level 3 (a) The evidence does not support a finding that the site is not
likely to meet the qualifying condition.

(b) The evidence supports a finding that the site is not likely to
meet the qualifying condition, and therefore the site is
disqualified.

Qualifying condition--higher-level findings

Level 4 (a) The evidence supports a finding that the site meets the
qualifying condition and is likely to continue to meet the
qualifying condition.

(b) The evidence supports a finding that the site cannot meet the
qualifying condition or is unlikely to be able to meet the
qualifying condition, and therefore the site is
disqualified.

There are four levels of findings. Disqualifying and qualifying condi-
tions both require a lower-level and.a higher-level finding. Lower-level
findings must be made to determine if a site may be nominated as suitable for
characterization or recommended as a candidate site for characterization. -
Higher-level findings, however, must be made 'to determine if a site may be
recommended for the development of a repository. Disqualifying conditions-
require Level 1 and Level 2 findings, and qualifying conditions require
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Level 3 and Level 4 findings. Each level has both a positive finding and a
negative finding associated with it.

Table 8.3.5.18-2 shows the findings previously made for the postclosure
guideline qualifying and disqualifying conditions. These findings and the
evidence supporting them are given in the NNWSI Project environmental assess-
ment (DOE, 1986b). The available evidence was sufficient to support positive
higher-level findings for the qualifying and disqualifying conditions of the
dissolution technical guideline and positive lower-level findings for the
qualifying and disqualifying conditions of the other postclosure technical
guidelines and the postclosure system guideline. To determine if the Yucca
Mountain site is suitable for the development of a repository, therefore,
higher-level findings must be made for the remaining qualifying and
disqualifying conditions.

The DOE Siting Guidelines do not require any findings similar to lower-
level or higher-level findings to be made for the favorable or potentially
adverse conditions of the technical guidelines. As stated in the Supple-
mentary Information for 10 CFR Part 960, Overview of the Guidelines (DOE,
1984c), these conditions were intended to be used to predict the suitability
of a site and provide a preliminary indication of system performance before
the start of detailed site characterization studies. These conditions were
considered and used in the identification of potentially acceptable sites,
and in the nomination and recommendation'of sites as suitable for character-
ization. By the completion of site characterization, however, sufficient
data will be available to directly evaluate site performance against the
qualifying conditions of the system and technical guidelines. Therefore, the
favorable and potentially adverse conditions will not be considered in
specific terms as they were for the environmental assessment (DOE, 1986b).

Approach to resolving Issue 1.9(a) X

To resolve Issue 1.9(a), sufficient evidence must be available to
support either a positive or negative higher-level finding for each quali-
fying and disqualifying condition associated with postclosure repository
performance. Each of the qualifying conditions makes reference either
directly or through the system guideline to regulatory requirements of the
NRC (specifically, 10 CFR Part 60).. To support higher-level findings for the
qualifying conditions, evidence must show that the geologic setting was taken
into consideration in the evaluations of compliance with the associated NRC
regulatory requirements-and that the geologic setting as a whole (for the
system guideline) and the various aspects of the setting (for the technical
guidelines) will not prevent compliance with the NRC regulations. 'The
disqualifying conditions are also related to NRC regulations, but not always
as explicitly as the qualifying conditions.

Figure 8.3.5.18-1 shows the strategy for resolving Issue 1.9(a). The
first step is to eliminate from further consideration the qualifying and
disqualifying conditions for which higher-level findings have already been
made. This is the case for the qualifying and disqualifying conditions of
the dissolution technical guideline. Next, for each remaining condition, it
is determined whether the evidence presently available is sufficient to
support a higher-level finding. This evidence consists of the information

8.3.5.18-3
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Table 8.3.5.18-2. Preliminari findings on postclosure system and technical
guidelines

Postclosure guideline Preliminary
(10 CFR 960) finding

960.4-1 Postclosure system
(a) Qualifying condition Level 3(a)

960.4-2-1 Geohydrology
(a) Qualifying condition Level 3(a)
(d) Disqualifying condition Level 1(a)

960.4-2-2 Geochemistry
(a) Qualifying condition Level 3(a)

960.4-2-3 Rock characteristics
(a) Qualifying condition Level 3(a)

960.4-2-4 Climate
(a) Qualifying condition Level 3(a)

960.4-2-5 Erosion
(a) - Qualifying condition Level 3(a)
(d) Disqualifying condition Level 1(a)

960.4-2-6 Dissolution
(a) Qualifying condition Level 4(a)
(d) Disqualifying condition Level 2(a)

960.4-2-7 Tectonics
(a) Qualifying condition Level 3(a)
(d) Disqualifying condition Level 1(a)

960.4-2-8-1 Natural resources
(a) Qualifying condition Level 3(a)

(d)(1) Disqualifying condition Level 1(a)
(d)(2) Disqualifying condition Level 1(a)

960.4-2-8-2 Site ownership and control
(a) Qualifying condition Level 3(a)

aPreliminary findings from DOE (1986b).
bSee Table 8.3.5.18-1 for an explanation of the finding levels.

,. L
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Figure 8.3.S.18-1. Issue resolution strategy for issue 1.9(a) (postclosure Wigher-level findings).
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presented in the NNWSI Project environmental assessment (DOE, 1986b) and in
Chapters 1 through 7 of the SCP. If the evidence is sufficient, the finding
and the evidence are documented.

For the qualifying and disqualifying conditions for which there is not
adequate evidence available, the planned site characterization studies are
reviewed to determine if the conditions will be investigated. This is
accomplished by evaluating the resolution strategies of the other postclosure
performance issues (Issues 1.1 through 1.6 and Issue 1.8) that assess the
ability of the site to comply with the NRC's postclosure regulatory require-
ments (10 CFR 60):. As discussed previously, the qualifying and disqualifying
conditions are linked to NRC regulatory requirements, and evidence to support
a higher-level finding must show that the condition does not prevent compli-
ance with the referenced requirements. Therefore, if the concerns of the
qualifying and disqualifying conditions are being considered in the resolu-
tion strategies of the issues that assess compliance with the regulations, it
can be expected that the evidence to support higher-level findings will be
made available through the information and analyses that support resolution
of the issues. A correlation of the qualifying, and disqualifying conditions
and the issues that will supply the information is shown in Table 8.3.5.18-3.

After ensuring that the qualifying and disqualifying conditions will be
investigated, the information necessary to assess compliance will be obtained
during site characterization. Upon completion of the assessments, the
results will be evaluated to determine if sufficieht evidence is available to
support higher-level findings. If the evidence is sufficient, the findings
and the evidence will be documented. If the evidence shows that a negative
higher-level finding must be made for any one of the conditions (i.e., that a
disqualifying condition is present or that a qualifying condition is not
present), then the site will be disqualified. This evaluation will continue
until positive higher-level findings can be supported for all the conditions
or until a negative higher-level finding must be made.

If, in evaluating the results of the assessments, insufficient informa-
tion is found to support either a positive or a negative higher-level finding
for a qualifying or disqualifying condition, additional data and analyses may
be necessary to satisfy existing information needs. The resolution strate-
gies of the appropriate performance issues will be reviewed to determine if,
in fact, the condition was adequately considered and the information needs
satisfied. If not, the strategies for the appropriate performance issues
will be revised, and new information needs will be identified as necessary,
additional data will be collected, and compliance will be reassessed. This
process continues until there is sufficient evidence to support either a
positive or a negative higher-level finding for every qualifying and dis-
qualifying condition. As discussed previously, findings are not required for
the favorable conditions or the potentially adverse conditions at this stage
in the siting process. Therefore, site conditions that may favorably affect
performance will be considered only to the extent necessary in the assessment
of compliance with the NRC regulations (Issues 1.1 through 1.6 and Issue
1.8).

However, since the potentially adverse conditions describe processes or
events that could adversely affect postclosure performance, it would' be

8.3.5.18-6
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Postclosure performance issues that address the concerns of the qualifying and
disqualifying conditions of the postclosure guidelines covered by Issue 1.9(a)
(page 1 of 2)

(
Table 8.3.5.18-3.

Issue 1.5
(engineered Issue 1.6

Issue 1.4 barrier (ground-
Issue 1.1 Issue 1.2 Issue 1.3 (containment system water

-(total system (individual (ground-water by waste release travel
Guideline performance) protection) protection) package) rates) time)

System guideline
Qualifying condition x x x x x x

CD.

01

Geohydrology
Qualifying condition
Disqualifying condition

Geochemistry
Qualifying condition

Rock characteristics
Qualifying condition

Climate
Qualifying condition

Erosion
Qualifying condition
Disqualifying condition

Dissolution
Qualifying conditiona
Disqualifying conditions

x
x

x x x x x

x

x

x

x

x

x

x x x

xx x

x

x
x

'C

x



Table 8.3.5.18-3. Postclosure performance issues that address the concerns of the qualifying and
disqualifying conditions of the postclosure guidelines covered by Issue l.9(a)
(page 2 of 2)

Issue 1.5
(engineered Issue 1.6

Issue 1.4 barrier (ground-
Issue 1.1 Issue 1.2 Issue 1.3 (containment system water

(total system (individual (ground-water by waste release travel
Guideline performance) protection) protection) package) rates) time)

Tectonics
Qualifying condition x
Disqualifying condition x

Natural resources
Qualifying condition x
Disqualifying condition 1 x
Disqualifying condition 2 x

Site ownership b
Qualifying condition

;a
a-

;_

a igher-level finding has been made
Not addressed by the issues and is

in the environmental assessment (DOE, 1986b); see Table 8.3.5.18-2.
outside the scope of site characterization and this document.

C ,. C c



CONSULTATION DRAFT

prudent to ensure that they are being 
considered in the appropriate perform-

ance assessments performed in support 
of the other performance issues. The

concerns of the potentially adverse 
conditions of 10 CFR Part 960 are very

similar to the concerns of the potentially 
adverse conditions of the NRC's

Siting Criteria (10 CFR 60.122), which are addressed by Issue 1.8 (Section

8.3.5.17). The strategy for addressing the potentially 
adverse conditions of

the NRC Siting Criteria is'to link each 
of the conditions to the site charac-

teristics and disruptive scenarios considered 
in the'assessments of postclo-

sure performance of the total repository 
system (Issue 1.1, Section 8.3.5.13)

and the engineered barrier system (Issue 
1.4, Section 8.3.5.9, and Issue 1.5,

Section 8.3.5.10). This will ensure that the effects on 
postclosure perfor-

mance of each of the potentially adverse 
conditions of NRC Siting Criteria

will be evaluated. Because of the similarity of the NRC's 
potentially

adverse conditions to the DOE's potentially 
adverse conditions, the DOE's

analysis indicates that the information 
and evaluations performed to support

resolution of Issue 1.8 will ensure 
that the effects of the DOE's potentially

adverse conditions on postclosure performance 
will be adequately evaluated.

The following discusses the qualifying 
condition of the postclosure

system guideline and the'qualifying 
and disqualifying conditions of the

postclosure technical guidelines. 'The 
ties of each condition to the NRC

regulations are explained, and the postclosure 
performance issue resolution

strategies that will be relied upon are 
identified. The information relevant

to each guideline, which will be collected 
during site characterization and

used in the resolution of the other 
issues, is also given.

System guideline qualifying condition

The qualifying condition of the postclosure 
system guideline is stated

in 10 CFR 960.4-1(a) as follows:

The geologic setting at the site shall 
allow for the physical separation

of radioactive waste from the accessible 
environment after closure in

accordance with the requirements of 40 
CFR Part 191, Subpart B, as im-

plemented by the provisions of 10 CFR 
Part 60. The geologic setting at

the site will allow for the use of engineered 
barriers to ensure .compli-

ance with the requirements of 40 CFR 
Part 191'and 10 CFR Part 60....

This qualifying condition is concerned 
with the overall compatability of

the geologic setting with the isolation 
of waste. To satisfy this condition,

evidence must demonstrate that the characteristics 
bf the geologic setting

were investigated and that they do not 
prevent compliance with the EPA's

postclosure performance requirements 
(40 CFR Part 191, Subpart B), or prevent

the use of engineered barriers to ensure 
compliance with these requirements

or those separate requirements established 
by the NRC for particular barriers

(10 CFR 60.113).

The EPA's requirements are implemented 
by the NRC through 10 CFR 60.112

(the overall system performance objective). 
This regulation requires that

the geologic setting be selected to ensure 
that radioactive releases to the

accessible environment during the postclosure 
period will conform to gener-

ally applicable environmental standards-for 
radioactivity as established by

the; EPA. The requirements of 40 CFR Part 191, 
Subpart B, as implemented by'

10 CFR Part 60, are addressed through Issues 1.1, 1.2, and 1.3. 'Issue 1.1

8.3.5.18-9
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assesses radioactive releases to the accessible environment during the next.
10,000 years (40 CFR 191.13). Issue 1.2 evaluates individual doses-in the
accessible environment (40 CFR 191.15). Issue 1.3 is concerned with the
protection of special sources-of ground water (40 CFR 191.16).

The NRC's requirements for particular barriers after permanent closure
are contained in 10 CFR 60.113, which establishes the requirements for the
engineered.barrier system with respect to waste package containment period,
and limits on the rate of releases from the engineered barrier system.
Requirements for the geologic setting with respect to the pre-waste emplace-
ment ground-water travel time are also given. These requirements are
addressed by Issues 1.4, 1.5, and 1.6, respectively.

The information that will be used to support a higher-level finding for
this qualifying condition, therefore, is a compilation of all the site
characteristics evaluated through the issue resolution strategies of Issues
1.1 through 1.6, and evidence that these site characteristics will not
prevent the resolution of these six issues.

Issues 1.1, 1.2, and 1.3 are discussed in Sections.8.3.5.13, 8.3.5.14,
and 8.3.5.15. Issues 1.4, 1.5, and 1.6 are discussed in Section 8.3.5.9,
8.3.5.10 and 8.3.5.12. All the site information that will be considered and
evaluated in the.resolution of these issues is given in these sections, and
represents the information upon which a higher-level finding-for the system
guideline qualifying condition will be based.

Geohydrology technical guideline

The geohydrology technical guideline has one qualifying condition and
one disqualifying condition.

Qualifying condition. The qualifying condition for the geohydrology
technical guideline is stated in 10 CFR 960.4-2-1(a) as follows:

The present and expected geohydrologic setting of a site shall be
compatible with waste containment and isolation. The geohydrologic.
setting, considering the characteristics of and the processes operating
within the geologic setting, shall permit compliance with (1) the
requirements specified in Section 960.4-1 for radionuclide releases to
the accessible environment and (2) the requirements specified in 10 CFR
60 113 for radionuclide releases from the engineered-barrier system
using reasonably available technology.

The qualifying condition for the geohydrology technical guideline
requires that the present and expected geohydrologic setting permit compli-
ance with the postclosure system guideline qualifying condition (Section
960.4-1). As explained in the discussion of the system guideline qualifying
condition, the requirements of that qualifying condition are addressed by
Issues 1.1 through 1.8.

The geohydrology qualifying condition also specifically requires that
the geohydrologic setting permit compliance with the requirements of 10 CFR
60.113 for radionuclide containment within the waste package, limits allow-
able releases from the engineered barrier system, and establishes a minimum
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travel time for ground water from the underground facility to the accessible
environment. These three performance requirements are addressed by Issues
1.4, 1.5, and 1.6 (Sections 8.3.5.9, 8.3.5.10, and 8.3.5.12), respectively,
and have already been considered with respect to the information needed to
support a higher-level finding for the system guideline qualifying condition
(10 CFR 960.4-1).

The evidence to support a higher-level finding for this qualifying
condition, therefore, will be made available through the information and
analyses used to support resolution of Issues 1.1 through 1.6. The evidence
will show how the geohydrologic setting will be considered in the resolution
of these issues. Table 8.3.5.18-4 shows the general characteristics of the
geohydrologic setting that will be considered by each issue. A more detailed
discussion of how these characteristics will be evaluated in the resolution
of each issue is presented in the SCP section addressing that issue.

Disqualifying condition. The disqualifying condition for the geohy-
drology technical guideline is stated in 10 CFR 960.4-2-1(d) as follows:

A site shall be disqualified if the pre-waste emplacement ground-water
travel time from the disturbed zone to the accessible environment is
expected to be less than 1,000 yr along any pathway of likely and
significant radionuclide travel.

This disqualifying condition is essentially the same as the NRC's
pre-waste emplacement ground-water travel time objective, stated in 10 CFR
60.113(a)(2). Issue 1.6 addresses the NRC's ground-water travel time objec-
tive. Through the resolution of Issue 1.6, the site information and the
calculational models necessary to determine the travel times and ultimately
demonstrate compliance with the objective will be compiled. All the informa-
tion necessary to support a higher level finding for the geohydrology dis-
qualifying condition, therefore, will be provided by Issue 1.6. This infor-
mation is discussed in greater detail in Section 8.3.5.12.

Geochemistry technical guideline

The geochemistry technical guideline has one qualifying condition and no
disqualifying conditions.

Qualifying condition. The qualifying condition for the geochemistry
technical guideline is stated in 10 CFR 960.4-2-2(a) as follows:

The present and expected geochemical characteristics of a site shall be
compatible with waste containment and isolation. Considering the likely
chemical interactions among radionuclides, the host rock, and the ground
water, the characteristics of and the processes operating within the
geologic setting shall permit compliance with (1) the requirements
specified in Section 960.4-1 for radionuclide releases to the accessible
environment and (2) the requirements specified in 10 CFR 60.113 for
radionuclide releases from the engineered-barrier system using reason-
ably available technology.-

The qualifying condition for the geochemistry technical guideline
requires that the present and expected geochemical setting permit compliance
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Table 8.3.5.18-4. Geohydrologic characteristics considered in making a
higher-level finding for the qualifying condition of
the geohydrology technical guideline, and issues for
which the information will be obtained

Issue Information

1.1 Same characteristics as used by Issue 1.6 below
Disruptive conditions

Increase in percolation flux
Change in water-table altitude
Change in saturated zone head gradients
Creation of surficial discharge points

1.2 Same characteristics as used by Issue 1.6 below

1.3 Regional hydrogeologic reconnaissance of the site
Regional ground-water flow system
Ground-water uses
Site hydrogeologic system
Aquifer communication
Aquifer contamination potential

1.4 Water flow mechanism in the host rock
Quantity of water flow in contact with waste packages

1.5 Water flow mechanism in the host rock
Quantity of water flow in contact with waste packages

1.6 Unsaturated zone characteristics
Flux
Moisture content
Pressure head (matric potential)
Saturation
Moisture retention curve
Permeability

Saturated zone characteristics
Flux
Pressure head
Saturated permeability
Aquifer geometry
Water table altitude

with the postclosure system guideline qualifying condition (Section 960.4-1).
As explained in the discussion of the system guideline qualifying condition,
the requirements of the system guideline qualifying condition are addressed
by Issues 1.1 through 1.6..
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The geochemistry qualifying condition also specifically requires that
the geochemical setting permit compliance with the requirements of 10 CFR
60.113 for radionuclide containment within the waste package, limits on
allowable releases from the engineered barrier system, and a minimum travel
time for ground water from the underground facility to the accessible
environment. These three performance requirements. are addressed by Issues
1.4, 1.5, and 1.6 (Sections 8.3.5.9, 8.3.5.10, and 8.3.5.12), respectively,
and have already been considered with respect to the information needed to
make a bigher-level finding for the system guideline (10-CFR 960.4-1).

The evidence to support a higher-level finding for this qualifying
condition, therefore, will be made available through the information and
analyses used to support the resolution of Issues 1.1 through 1.6. The evi-
dence will show how the geochemical setting will be considered and that these
characteristics will not prevent the resolution of these issues. Table
8.3.5.18-5 shows the general characteristics of the geochemical setting that
will be considered during the resolution of each issue. A more detailed
discussion of how these characteristics will be evaluated in the resolution
of each issue is presented in the SCP section addressing that issue.

Rock characteristics technical guideline

The rock characteristics technical guideline has one qualifying
condition and no disqualifying conditions.

Qualifying condition. -The qualifying condition for the rock character-
istics technical guideline is stated in 10 CFR 960.4-2-3(a) as follows:

The present and expected characteristics of the host rock and surroun-
ding units shall be capable of accommodating the thermal, chemical,
mechanical, and radiation stresses expected to be induced by repository
construction, operation, and closure and by expected interactions among
the waste, host rock, ground water, and engineered components. The
characteristics of and the processes operating within the geologic set-
ting shall permit compliance with (1) the requirements specified in
Section 960.4-1 for radionuclide releases to the accessible environment
and (2) the requirements set forth in 10 CFR 60.113 for radionuclide
releases from the engineered-barrier system using reasonably available
technology.

The qualifying condition for the rock characteristics technical guide-
line requires that the present and expected characteristics of the host rock
and surrounding units permit compliance with the postclosure system guideline
qualifying condition (Section 960.4-1). As explained in the discussion of
the system guideline qualifying condition, the requirements of that quali-
fying condition are addressed by Issues 1.1 through 1.6.

The rock characteristics qualifying condition also specifically requires
that the rock characteristics permit compliance with the requirements of
10 CFR 60.113 for radionuclide containment within the waste package, limits
on allowable releases from the engineered barrier system, and a minimum
travel time for ground water from the underground facility to the accessible
environment. These three performance requirements 'are addressed by
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Table 8.3.5.18-5. Geochemical characteristics considered in making a
higher-level finding for the qualifying condition of
the geochemistry technical guideline, and issues for
which the information will be obtained

Issue Information

1.1 Coupling factors and radionuclide retardation factors
Gas-phase Carbon-14 transport characteristics
Disruptive conditions
Changes in ground-water chemistry
Changes in unsaturated zone Kd values
Changes in saturated zone Kd values

1.2 Coupling factors and radionuclide retardation factors
Gas-phase Carbon-14 transport characteristics

1.3 No geochemistry information needed

1.4 Ground-water chemistry in host rock

1.5 Ground-water chemistry in host rock

1.8 No geochemistry information needed

Issues 1.4, 1.5, and 1.6 (Sections 8.3.5.9, 8.3.5.10, and 8.3.5.12),
respectively and have already been considered with respect to the information
needed to make a higher-level finding for the system guideline (10 CFR
960.4-1).

The evidence to support a higher-level finding for this qualifying con-
dition, therefore, will be made available during the information and analyses
used to support resolution of Issues 1.1 through 1.6. The evidence will show
how the rock characteristics of the geologic setting will be considered in
the resolution of these issues. Table 8.3.5.18-6 shows the rock character-
istics of the geologic setting that will be considered by each issue. A more
detailed discussion of how these characteristics will be evaluated in the
resolution of each issue is presented in the SCP section addressing that
issue.

Climatic changes technical guideline

The climatic changes technical guideline has one qualifying condition
and no disqualifying conditions.

Qualifying condition. The qualifying condition for the climatic changes
technical guideline is stated in 10 CFR 960.4-2-4(a) as follows:
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Table 8.3.5.18-6. Rock characteristics considered in making a higher-
level finding for the qualifying condition of the
rock characteristics technical guideline, and issues
for which the information will be obtained

Issue Information

1.1 Unsaturated zone characteristics
Effective porosity
Location of geologic unit contacts
Fault zone characteristics
Bulk density
-Fracture frequency

Saturated zone characteristics
Effective thickness
Effective porosity
Fracture compressibility
Matrix-fracture interface

constrictivity-tortuousity factors
Fracture frequency

. Fault zone characteristics

1.2 Same as those used by Issue 1.1

1.3 No rock characteristics information required

-1.4 . - No rock characteristics information required:

1.5 - 0 No rock characteristics information required

1.6 Unsaturated zone characteristics
In situ temperature
Bulk density
Effective porosity
Hydrologic unit contact altitudes
Fault displacement
Fault locations

Saturated zone characteristics
-Bulk density
Effective porosity
Aquifer geometry
Lithologic unit contact altitudes.
Fault displacement
Fault locationse-tc
Fracture characteristics --.--
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The site shall be located where future climatic conditions will not be
likely to lead to radionuclide releases greater than those allowable
under the requirements specified in Section 960.4-1. In predicting the
likely future climatic conditions at a site, the DOE will consider the
global, regional, and site climatic patterns during the Quaternary
Period, considering the geomorphic evidence of the climatic conditions
in the geologic setting.

The future climatic conditions at a site could affect the geohydrologic
characteristics of the site during the next 10,000 yr, thereby affecting
radionuclide releases to the accessible environment. The qualifying condi-
tion for the climatic changes technical guideline requires that the future
climatic conditions permit compliance with the postclosure system guideline
qualifying condition (10 CFR 960.4-1). As explained in the discussion of the
system guideline qualifying condition, the requirements of that qualifying
condition are addressed by Issues 1.1 through 1.6.

The requirements of 40 CFR 191.15 and 40 CFR 191.16, which are addressed
by Issues 1.2 and 1.3, and of 10 CPR 60.113, which is-addressed by Issues
1.4, 1.5, and 1.6, are only concerned with the undisturbed performance of the
repository system (the requirement of 10 CFR 60.113 addressed by Issue 1.6
considers pre-waste-emplacement conditions). Since climatic change is
considered a disruptive condition over the 10,000 yr performance period, the
evidence to support a higher-level finding for this qualifying condition will
be made available through the information and analyses used to support reso-
lution of Issue 1.1, which will consider the long-term performance of the
system and take disruptive processes and events into account. The evidence
will consist of demonstrations that future climatic conditions have been
investigated and that these conditions will not prevent the resolution of
this issue. Table 8.3.5.18-7 shows the effects of future climatic conditions
that will be considered during the resolution of Issue 1.1. The way in which
these effects will be evaluated in the resolution of Issue 1.1 is discussed
in Section 8.3.5.13.

Erosion technical guideline

The erosion technical guideline has one qualifying condition and one
disqualifying condition.

Qualifying condition. The qualifying condition for the erosion
technical guideline is stated in 10 CFR 960.4-2-5(a) as follows:

The site shall allow the underground facility to be placed at a depth
such that the erosional processes acting upon the surface will not be
likely to lead to radionuclide releases greater than those allowable
under the requirements specified in Section 960.4-1. In predicting the
likelihood of potentially disruptive erosional processes, the DOE will
consider the climatic, tectonic, and geomorphic evidence of rates and
patterns of erosion in the geologic setting during the Quaternary
Period.
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Table 8.3.5.18-7. Effects.of future climatic conditions considered
in making a higher-level finding for the qualifying
condition of the climatic change technical guideline
and in the resolution of Issue 1.1

Issue Information

1.1 Changes in:
Infiltration through host rock
Water table altitude
-Head gradients in saturated zone

Creation of surficial discharge points

Future erosional processes could affect the transport of radionuclides
to the accessible environment by decreasing the thickness of the overburden,
or by creating surficial discharge points between the underground facility
and the boundary of the accessible environment. The qualifying condition for
the erosion technical guideline requires that the future erosional processes
permit compliance with the postclosure system guideline qualifying condition
(10 CFR 960.4-1). As explained in the discussion of the system guideline
qualifying condition, the requirements of that qualifying condition are
addressed by Issues 1.1 through 1.6.

The requirements of 40 CFR 191.15 and 40 CFR 191.16, which are addressed
by Issues 1.2 and 1.3, and of 10 CFR 60.113, which are addressed by Issues
1.4 and 1.5, are only concerned with the undisturbed performance of the
repository system (the requirement of 10 CFR 60.113 addressed by Issue 1.6
considers pre-emplacement conditions). As discussed in Section 8.3.5.17,
erosion has been considered in the identification of disruptive scenarios,
and erosional processes at the Yucca Mountain site have been evaluated and no
disruptive scenarios associated with.erosional processes have been found that
are credible at the Yucca Mountain site during the next 10,000 yr. Evidence
to support this position is presented in Chapter 1. Therefore, sufficient
evidence is available to support a higher-level finding for the erosion-
technical guideline qualifying condition.

Disqualifying condition. The disqualifying condition for the erosion
technical guideline is stated in 10 CFR 960.4-2-5(d) as follows: : . ,

The site shall be disqualified if site conditions do not allow all
portions of the underground facility to be situated at least 200 u below
the directly overlying ground surface.

A positive higher-level finding.can be made for-the disqualifying
condition on erosion on the basis of the geologic unit selected for the
repository location and the conceptual design for the repository, which place
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the repository at a depth in excess of 200 m from the overlying ground
surface (Chapter 6).

Dissolution technical guideline

The dissolution technical guideline has one qualifying condition and one
disqualifying condition. The qualifying condition is stated in 10 CFR
960.4-2-6(a) as follows:

The site shall be located such that any subsurface rock dissolution will
not be likely to lead to radionuclide releases greater than those allow-
able under the requirements specified in Section 960.4-1. In predicting
the likelihood of dissolution within the geologic setting at a site, the
DOE will consider the evidence of dissolution within that setting during
the Quaternary Period, including the locations and characteristics of
dissolution fronts or other dissolution features, if identified.

The disqualifying condition is stated in 10 CFR 960.4-2-6(d) as follows:

The site will be disqualified if it is likely that, during the first
10,000 yr after closure, active dissolution, as predicted on the basis
of the geologic record, would result in a loss of waste isolation.

Positive higher-level findings have been made previously for these two
conditions for the Yucca Mountain site. The evidence supporting these
higher-level findings is presented in Chapter 6 of the NNWSI environmental
assessment (DOB, 1986b). Since higher-level findings have been made, the
dissolution technical guideline does not need to be considered further.

Tectonics technical guideline

The tectonics technical guideline has one qualifying condition and one
disqualifying condition.

Qualifying condition. The qualifying condition for the tectonics
technical guideline is stated in 10 CFR 960.4-2-7(a) as follows:

The site shall be located in a geologic setting where future tectonic
processes or events will not be likely to lead to radionuclide releases
greater than those allowable under the requirements specified in Section
960.4-1. In predicting the likelihood of potentially disruptive tec-
tonic processes or events, the DOE will consider the structural, strati-
graphic, geophysical, and seismic evidence for the nature and rates of
tectonic processes and events in the geologic setting during the
Quaternary Period.

Future tectonic activity at a site could affect the geohydrologic and
rock-characteristics of a site during the next 10,000 yr, thereby affecting
radionuclide releases to the accessible environment. The qualifying condi-
tion for the tectonics technical guideline requires that future tectonic
activity permit compliance with the postclosure system guideline qualifying
condition (10 CFR 960.4-1). Predictions of future tectonic activity will be
based on the evidence of such activity during the Quaternary. As explained
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in the discussion of the system guideline qualifying condition, the require-
ments.of that qualifying condition are addressed by Issues 1.1 through 1.6.

The requirements of 40 CFR 191.15 and 40 CFR 191.16, which are addressed
by Issues 1.2 and 1.3, and of 10 CFR 60.113, which are addressed by Issues
1.4 and 1.5, are only concerned with the undisturbed performance of the re-
pository system (the requirement of 10 CFR 60.113 addressed by Issue 1.6
considers pre-emplacement conditions). Since tectonic processes and events
are considered to represent disruptive conditions over the 10,000 yr period
of performance, the evidence to support a higher-level finding for this
qualifying condition will be made available through the information and anal-
yses used to support resolution of Issue 1.1, which will consider the long-
term performance of the system and take disruptive processes and events into
account. The evidence will consist of demonstrations that the potential for
future tectonic activity has been investigated and that any activity will not
prevent the resolution of this issue. Table 8.3.5.18-8 shows the effects of
future tectonic activity that will be considered during the resolution of
Issue 1.1. The way in which these effects will be evaluated in the resolu-
tion of Issue 1.1 is discussed.in Section 8.3.5.13.

Disqualifying condition. The disqualifying condition for the tectonics
technical guideline is stated in 10 CFR 960.4-2-7(d) as follows:

A site shall be disqualified if, based on the geologic record during the
Quaternary Period, the nature and rates of fault-movement or other
ground motion are expected to be such that a loss of waste isolation is
likely to occur.

This disqualifying condition is concerned with future fault movement or
other tectonics-related ground motion disrupting the geologic setting during
the next 10,000 yr such that isolation will be adversely effected. The DOE
defines isolation in 10 CFR 960.2 as 'inhibiting the transport of radioactive
material so that the amounts and concentrations of this material entering the
-accessible environment will be kept within prescribed limits.' The pre-
scribed limits are those limits set forth by the EPA in 40 CFR Part 191,
Appendix A and implemented by 10 CFR 60.112. As previously discussed, the
requirements of 10 CFR 60.112 are addressed by Issues 1.1, 1.2, and 1.3.
But, since Issues 1.2 and 1.3 are only concerned with undisturbed repository
performance, disruptive fault movement and other tectonics-related ground
motion need only be considered in addressing Issue 1.1. The evidence neces-
sary to support a higher-level finding for this disqualifying condition,
therefore, will be made available through the resolution of.Issue 1.1.

The effectsof ground motion on postclosure repository performance have
been evaluated. It-has been determined that the only adverse effect of
ground motion would be the closure of the air gap between the waste container
and the borehole wall by.collapse of the wall. This would provide a pathway
for moisture to reach the container. This potentially disruptive scenario is
being investigated through Issue 1.1. Thus, the information to support a
higher-level finding will be made available through the investigations of
Issue 1.1.
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Table 8.3.5.18-8. Effects of future tectonic activity considered in
making a higher-level finding for the qualifying
condition of the tectonics technical guideline and in
the resolution of Issue 1.1

Issue Information

1.1 Structural deformation
Rupturing waste packages
Increasing water table altitude
Increasing percolation flux
Altering hydraulic gradients
Diverting flow pathways

Igneous activity
Causing direct releases
Rupturing waste packages
Altering hydraulic gradients
Diverting flow pathways
Increasing water table altitude

Ground motion
Closure-of borehole air gap

Human interference technical guideline

This technical guideline has two parts. The first part is concerned
with natural resources and has one qualifying condition and two disqualifying
conditions. The second part is concerned with site ownership and control,
and has one qualifying condition.

Natural resources qualifying condition. The natural resources
qualifying condition of the human interference technical guideline is stated
in 10 CFR 960.4-2-8-1(a) as follows:

This site shall be -located such that--considering permanent markers and
records and reasonable projections of value, scarcity, and technology--
the natural resources, including ground water suitable for crop irriga-
tion or human consumption without treatment, present at or near the site
will not be likely to give rise to interference activities that would-
lead to radionuclide releases greater than those allowable under the
requirements specified in Section 960.4-1.

The presence of natural resources at a site has the potential to encour-
age retrieval activities that could interfere with the isolation of waste.
Human activities could result in direct interference, if the waste containers
were penetrated and waste brought to the surface, or in direct activities,
such as a shortening of travel pathways by ground-water removal. The natural
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resource qualifying condition requires that the extent of natural resources
at the site be such that retrieval activities in the future would not be
likely, so that compliance with the postclosure system guideline would not be
prevented. As explained, the requirements of the system guideline are
addressed by Issues 1.1 through 1.6.

The requirements of 40 CFR 191.15 and 40 CFR 191.16, which are addressed
by Issues 1.2 and 1.3, and of 10 CFR 60.113, which are addressed by Issues
1.4, 1.5, and 1.6, are only concerned with the undisturbed performance of the
repository system (the requirement of 10 CFR 60.113 addressed by Issue 1.6
considers pre-waste-emplacement conditions). Since human intrusion due to
the potential for natural resources is considered a disruptive scenario, the
evidence to support a higher-level finding for this qualifying condition will
be made available through the information and analyses used to support reso-
lution of Issue 1.1, which will consider the long-term performance of the
system and take disruptive processes and events into account. The evidence
will consist of demonstrations that the potential for future human interfe-
rence has been investigated and will not prevent the resolution of this
issue. Table 8.3.5.18-9 shows the future human activities that will be
considered during the resolution of Issue 1.1. The way in which these
effects will be evaluated in the resolution of Issue 1.1 is discussed in
Section 8.3.5.13.

Natural resources disqualifying conditions. There are-two disqualifying
conditions for the natural resources section of the-human interference
technical guideline. They are stated in 10 CFR 960.4-2-8-1(d) as follows:

A site shall be disqualified if

1. Previous exploration, mining, or extraction activities for resources
of commercial importance at the site have created significant
pathways between the projected underground facility and the
accessible environment; or

2. Ongoing or likely future activities to recover presently valuable
natural mineral resources outside the controlled area would be
expected to lead to an inadvertent loss of waste isolation.

This disqualifying condition is essentially the inverse of the natural
resources qualifying condition discussed previously. (In establishing the
disruptive scenarios associated with human activities that could occur at the
site, previous exploration, mining, and extraction activities are investi-
gated.) Therefore, the same evidence that will support a higher-level
finding for the qualifying condition will be sufficient to support a higher-
level finding for this disqualifying condition.

Site ownership and control qualifying condition. The site ownership and
control qualifying condition of the human interference technical guideline is
stated in 10 CFR 960.4-2-8-2(a) as follows:

The site shall be located on land for which the DOE can obtain, in
accordance with the requirements of 10 CFR Part 60, ownership, surface
and subsurface rights, and control of access that are required in order
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Table 8.3.5.18-9. Effects of human activities considered in making a
higher-level finding for the qualifying condition of
the human interference technical guideline and in the
resolution of Issue 1.1

Issue Information

1.1 Irrigation
Changes in flux through repository horizon
Changes in water-table altitude
Changes in head gradients in saturated zone

Ground-water withdrawal
Change in water-table altitude
Changes in head gradients in saturated zone

Surface and subsurface mining
Change in water-table altitude
Changes in head gradients in saturated zone

Construction of surface water impoundments
Changes in flux through repository horizon
Changes in water-table altitude
Changes in head gradients in saturated zone

Exploratory drilling
Potential for and effects of interception of waste

by exploratory drilling

that potential surface and subsurface activities at the site will not be
likely to lead to radionuclide releases greater than those allowable under
the requirements specified in Section 960.4-1.

The concern of this qualifying condition is an institutional one related
to acquiring sufficient land for the controlled area in compliance with the
requirements of 10 CFR 60.121. DOE ownership and control of this land is
expected to decrease the potential for future human interference activities.
The institutional concerns of this guideline condition are outside the scope
of site characterization as defined by the NWPA and, hence, are outside the
scope of the SCP. The issue of land acquisition will be addressed in future
environmental program planning (see Section 8.3.1.11).

Regulatory basis for Issue 1.9(b) of the postclosure siting guideline

Following the characterization of candidate sites and before recommen-
ding a site for development of a repository, the DOE will require comparisons
of the postclosure performance of the repository systems proposed for each
candidate site. The Implementation Guidelines (10 CFR 960.3-1-5) provide
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rules for these site comparisons. The guidelines state that these compari-
sons will 'evaluate predicted releases of radionuclides to the accessible
environment." These releases will be evaluated by.combining 'releases of
different radionuclides... by the methods specified in Appendix A of 40 CFR
Part 101..

Two evaluations are required to predict-releases for 100,000 yr after
repository closure; 10 CFR 060.3-1-5 states that

First,, the sites shall be compared by.means of evaluations that empha-
size the performance of the natural-barriers at the site. Second, the
sites shall be compared by means.of evaluations that emphasize the per-
formance of the total repository system. .These second evaluations shall
consider the expected performance of the repository system; be based on
the.expected performance of waste packages and waste forms, in compli-
ance with the requirements of 10 CFR 60.113, and on the expected hydro-
logic and geochemical conditions at each site; and take credit for the
expected performance of all other engineered components of the reposi-
tory system.

In making the comparative evaluations, the DOE will only consider nat-
ural processes and events that are considered likely to occur or exist at the
site over the next 100,000 yr. To emphasize the performance of the natural
barrier system in the first evaluation, the DOE will assume equivalent engi-
neered barrier performance for all sites. The range of performance levels
considered will vary by a factor of 10 above and below the release rate
limits stated in .10 CFR 60.113. For the second evaluation, the DOE will
evaluate the performance of the total system, allowing each site to take
credit for the expected performance of the engineered barrier system
components.

Approach to-resolving Issue 1.9(b)

,Issue 1.1 addresses the NRC's overall system performance objective
(10 CFR 60.112). For the.resolution of Issue 1.1, an assessment of the total
system performance is made to predict the performance of the total repository
system over the next 10,000 yr. This assessment will consider.both nominal
and disturbed conditions. Nominal conditions are those processes and events
that-have.a probability greater than 0.1 of occurring or existing at the site
during, the next 10,000 yr. Disturbed conditions are those processes and
events that have a probability between 0.1 and 0.0001 of occurring or exist-
ing during the next 10,000 yr at the site. Processes and events that have a
probability of less than 0.0001 of occurring or existing at the site during
the next 10,000 yr-will not be considered.

Scenario classes have been identified to describe the events and pro-
cesses. These scenario classes (both the nominal and disturbed) are
described in Section.8.3.5.13. Through the resolution strategy of Issue-l.1,
performance measures and parameters have been identified to address the
scenario.classes.

To resolve Issue 1.9(b), the DOE will rely on the same strategy used to
resolve Issue 1.1, with a few.modifications. The nominal scenario class-will
be expanded to include those processes and events.that have a probability of
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greater than 0.1 of occurring during the next 100,000 yr. This means that
certain scenario classes considered to represent disturbed conditions over
the 10,000-yr performance period may fall within the nominal scenario class
for the 100,000-yr performance period. The same total system model and
submodels used to resolve Issue 1.1 will be used for Issue 1.9(b), however,
additional information may be necessary. Disturbed scenario classes--those
within a probability of less than 0.1 of occurring at the site during the
next 100,000 yr--need not be considered.

Figure 8.3.5.18-2 shows this strategy. The first step is to evaluate
the nominal and disturbed-performance scenario classes that are being con-
sidered in the assessment of the 10,000-yr performance of Issue 1.1. Those
conditions that are within the 10,000-yr nominal-performance scenario class
will also be considered in the nominal-performance scenario class for the
100,000-yr evaluation. In addition, some of the disturbed-performance sce-
nario classes of the 10,000-yr assessment may become part of the nominal-
performance scenario class of the 100,000-yr evaluation. Also, some events
and processes eliminated from consideration in the 10,000-yr assessment may
need to be considered in the 100,000-yr nominal-performance scenario class.
Also, any events or processes that were in the 10,000-yr disturbed-perform-
ance scenario classes or not considered at all because of low probability of
realization with respect to the 10,000-yr assessment may need to be included
in the nominal class of the 100,000-yr calculation. In both cases, this will
depend upon the probability of occurrence of the events of these scenario
classes, i.e., if the probability of realization during the next 100,000 yr
is greater than 0.1. The determination of events and processes that need to
be considered, as in the assessment of 10,000-yr performance, are identified
based on available evidence and professional judgment and will be revised as
necessary based on new information.

The next step, once the nominal performance scenario class of events and
processes is established, is to determine what information is required to
evaluate the scenario class and assess the performance of the repository
during the next 100,000 yr. This is accomplished by evaluating the data
requirements of Issue 1.1. As mentioned previously, the models used in the
10,000-yr performance are sufficient to evaluate 100,000-yr performance. The
only additional information would be the information needed to address events
and processes that were not included in either the nominal or disturbed-
performance scenario classes of Issue 1.1, or the information necessary to
address events or processes over 100,000 yr that would not be adequately
addressed by data for the 10,000-yr period.

Once these data needs are established, site characterization is con-
ducted. The necessary information is collected during this phase, and the
100,000-yr performance of the repository is assessed, based on the 100,000-yr
nominal-performance scenario class and using the same techniques, models,
etc., as those used in the resolution of Issue 1.1. With respect to a radio-
nuclide source term, two evaluations are made, in accordance with 10 CFR
960.3-1-5. The first will assess the performance of the repository system,
using as a source term a range of release rates bounded by a factor of ten
above and below the rates specified in 10 CFR 60.113. This same range of
radionuclides will be used in assessing all potential sites, thus emphasizing
the isolation capabilities of a site's natural barriers. The second assess-
ment will use as a radionuclide source term the actual expected performance
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Figure 8.3.5.18-2. Resolution strategy for Issue 1.9(b).
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of the engineered barrier system. This will allow full assessment of all
aspects of the repository system at a site.

If during these evaluations insufficient information is available to
assess the 100,000-yr performance, the data base will be reviewed. If the
information identified is found adequate, but the data to satisfy the infor-
mation needs are not, additional data will be collected. Otherwise, addi-
tional information needs may be necessary to assess 100,000-yr performance.

This reevaluation will continue until a satisfactory assessment of
100,000-yr performance is attained. The results of both evaluations will
then be documented and used to compare sites in the recommendation of a site
for development of a repository.

The steps of this resolution strategy have been completed through the
identification of information needs. It has been determined, using the same
information, evaluations, and judgment used in constructing the scenario
classes of Issue 1.1, that the only conditions that need to be added to the
nominal-performance scenario class of Issue 1.1 to form the nominal-perfor-
mance scenario class for Issue 1.9(b) are those conditions associated with
climatic events and processes. Over the 10,000-yr period, the DOE has deter-
mined that disruptive climatic changes have a probability of occurring of
less than 0.1 and are therefore considered in the disturbed-performance sce-
nario classes. However, over the 100,000-yr period these changes are expec-
ted to have a probability of occurring of greater than 0.1, and therefore
need to be included in the 100,000-yr nominal-performance scenario class.
The tectonic events and processes that were determined to have a probability
of realization of less than 0.1 during the next 10,000 yr (and are, there-
fore, included in the disturbed-performance scenario classes of Issue 1.1)
are expected to also have a probability of realization of less than 0.1 for
the 100,000-yr period and hence need not be considered. Also, the disturbed-
performance scenario classes of Issue 1.1 that were associated with human
activities need not be considered in the 100,000-yr assessments since they
are not natural events or processes. As for the other events and processes
that were part of the nominal-performance scenario class of Issue 1.1 and
will also be part of the nominal-performance scenario class of Issue 1.9(b),
the information required for the 10,000-yr assessment will be sufficient for
the 100,000-yr assessment.

The information needed to supplement that information required by Issue
1.1 to assess 100,000-yr performance is shown in Table 8.3.5.18-10. This
information will be obtained through the climate test program (Section
8.3.1.5). This information, with the information and analyses of Issue 1.1,
is expected to be sufficient to make the two 100,000-yr performance evalua-
tions as required by 10 CFR 960.3-1-5. In addition, the data required to
evaluate the tectonic-related disturbed-performance scenario classes of Issue
1.1 will provide evidence to support the position that, over the 100,000-yr
period, tectonic events would not be part of the nominal-performance scenario
class. As mentioned, the positions taken with regard to the events and
processes included in the 100,000-yr nominal-performance scenario class will
be modified as necessary as new site data becomes available.

8.3.5.18-26



KCC
Table 8.3.5.18-10. Scenarios and parameters associated with the 10,000-yr disturbed-performance

scenario class that need to be added to the 100,000-yr nominal-performance
scenario class (page 1 of 2)

Tentative
parameter goal SCP section Direct (D)a or

Scenario class Performance parameter (adapted from and parameter associated study
(from 8.3.5.13) (adapted from 8.3.5.13) 8.3.5.13) category or set or activity

Climatic change causes
increase in infil- b
tration over C-area

Climatic change causes
an increase in alti-
tude of water table

Expected magnitude of flux
change due to climatic
changes over next
100,000 yr

Expected magnitude of
change in water-table
level due to climatic
changes over the next
100,000 yr

Show expected'
flux change
will be
less than
5 mm

Show expected
magnitude of
water-table
rise will be
less than
100 m

8.3.1.5.2
Future climate

model
Infiltration

characteristics
Unsaturated-zone

flow model

8.3.1.5.2
Future climate

model
Saturated-zone

recharge/flow
models

Paleoclimate
synthesis

Quaternary dis-
charge areas

Analog recharge
data

Distribution,
origin, and
age of vein
deposits

8.3.1.5.2.2.2(D)
8.3.1.5.1.6

8.3.1.2.2.1

8.3.1.2.2.6

8.3.1.5.2.2.3(D)
8.3.1.5.1.6

8.3.1.2.3.3

8.3.1.2.1.5

8.3.1.2.2.1.3

8.3.1.2.2.1.4

8.3.1.2.2.1.5

a

I



Table 8.3.5.18-10. Scenarios and parameters associated with the 10,000-yr disturbed-performance
scenario class that need to be added to the 100,000-yr nominal-performance
scenario class (page 2 of 2)

Tentative
parameter goal SCP section Direct (D)a or

Scenario class Performance parameter (adapted from and parameter associated study
(from 8.3.5.13) (adapted from 8.3.5.13) 8.3.5.13) category or set or activity

Climatic change causes Expected locations of sur- Show that no Same as information given for an
appearance of surfi- ficial discharge points surficial increase in altitude of water
cial discharge points within C-area over the discharge table
within C-area next 100,000 yr; magni- points could

tude of discharge at appear within
each location C-area, given

a water-table
rise less than
160 m

Climatic change causes Expected magnitude of Show average Same as information given for an
an increase in the change in water-table gradient to increase in altitude of water
gradient of the water- gradient due to cli- the C-area table
table within the matic change over the boundary will
C-area next 100,000 yr be less than

2 x 10

a.Study or activity directly addresses scenario.
Notation for indicating the various areas or zones around the repository: C-area = the controlled

area, i.e., the actual area chosen according to the 40 CPR 101.12 definition of controlled area.

( ( (
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8.3.5.19 Substantially completed analytical techniques

Postclosure performance assessments by the NNWSI Project will evaluate
the potential for containment and isolation of waste emplaced in the Topopah
Spring Member of the Paintbrush Tuff at Yucca Mountain as discussed in Issues
1.1 through 1.9 (Sections 8.3.5.9, 8.3.5.10, and 8.3.5.12 through 8.3.5.18).
The objective of the postclosure performance assessments is to determine
whether Yucca Mountain site characteristics are such that the regulatory
standards set forth in 10 CFR 960.4, 10 CFR 60.112, and 40 CFR 191.13 can be
met.

Preclosure performance assessments 'will evaluate the potential for
constructing and operating a repository in the Topopah Spring Member of the
Paintbrush Tuff at Yucca Mountain, as discussed in Section 6.4 and addressed
by Issues 2.1 through 2.5 and Issue 4.1 (Sections 8.3.5;2 through 8.3.5.6).
The objective of the preclosure performance assessments is to determine if
the site characteristics are such that the standards set forth in 10 CFR
960.5, 10 CFR 60.111, 40 CFR 191 Part A, and 10 CFR Part 20 can be met.

Over the next few years, preclosure and postclosure performance
assessments will be made using many analytical techniques that have already
been developed. Analytical techniques considered substantially completed are
those that already exist and could be used, with little additional work or
only minor modifications, to conduct performance assessment analyses. These
analytical-techniques have not yet been fully verified and validated for
application to the conditions that exist at the NNWSI Project repository site
at Yucca Mountain. Preliminary verification is currently in progress.
Validation activities have been initiated but, for the most part, are still
being developed.

The substantially completed analytical techniques are summarized here
for postclosure performance issues and in Section 6.4.1 for preclosure
performance issues. Section 8.3.5.20 describes plans to verify the accuracy
of the techniques and to validate the models that these techniques embody and
also discusses the techniques that still require significant development.

8.3.5.19.1 Postclosure performance-assessment analytical techniques

Computer codes that have been developed and are suitable for use in
assessing the postclosure performance of a repository in the Topopah Spring
Member of the Paintbrush Tuff of Yucca Mountain are listed in Table
8.3.5.19-1. These computer codes fall into four broad categories, depending
on the models they embody: (1) those suitable for assessing the performance
of the waste package, (2) those suitable for assessing the behavior of the
rock and the water in the rock near the repository where heat effects are
important and cannot be completely decoupled from the geomechanical and
hydrological calculations, (3) those suitable for assessing site behavior on
a scale at which temperature effects do not have to be accounted for direct-
ly, and (4) those suitable for assessing the behavior of the entire reposi-
tory system and for probabilistic calculations of total releases to the
accessible environment. The fourth category includes simplified versions of
some of the models in the first three categories. In addition to the
computer codes listed in Table 8.3.5.19-1, some simple analytical techniques,
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Table 8.3.5.19-1. Computer codes for use in performance assessment

Performance Related issue in
assessment Pa which the code

task Performance measures Type of analysis Potential codes may be used

Waste package Canister temperature Conductive and con-
vective heat and
mass transfer

ADINAT
NORIA,
COYOTE,
ARRAY F,
TAC02D

1.4

Waste containment
time, waste
release rate

Material degrada-
tion, dissolution,
decay, leaching

Geochemistry

Repository lock stress-strain,
displacement, per-
meability changes

Unsaturated water
travel times,
radionuclide
release rates

Rock stress and
fracture altera-
tions induced by
excavation; ther-
mal loads,
moisture changes;
backfilling

Water flow in unsat-
urated media;
coupled water and
heat flow; coupled
water flow and
radionuclide
migration

Probabilistic anal-
ysis of ground-
water travel time
distributions
along flow paths
at Yucca Mountain

WAPPA
ORIGEN2,
MORSE-L,
NIXE2D,
EQ3/EQ5
PANDORA, P1181

ADINAT
SPECTRUM 31,
SPECTRUM 41,
JAC2D

NORIA/FENTIAN,
WAPE/TRACR3D,
TOUGH

1.4,
1.5

1.4,
1. 5,
1.6

1.5,
1.6

Site Ground-water travel
time

GWT 1.6

Unsaturated and
saturated water
and radionuclide
transport

Dose to man

Total
integrated
system

Radionuclide release
Ground-water contas-

ination
Individual dose

Water flow paths;
radionuclide
migration

Biosphere transport
and human uptake

Simple systems model
of water flow in
unsaturated media;
leaching; flow and
migration in
unsaturated media;
flow and migration
in saturated media

Biosphere transport
and human uptake

Inhalation dose at
accessible environ-
ment boundary

SAGUARO/FEMYTAN,
TRUST/TRUMP,
NFT,
TRACR3D,
ISOQUOD,
EDOC, VSFAST,

PABLM,
DACRIN

1.1,
1.2,
1.3,
1.6

1.2

TOSPAC,
NWPT,
SPARTAN

PABLM,
DACRIN,
AIRDOS-EPA

1.1,
1.2,
1.3

1.2

1.3

Dose to man

Atmospheric trans-
port

biTh list of potential codes does not exclude use of other codes.
Issues 1.1, 1.2, 1.3, 1.4, 1.5, and 1.6 are discussed in Sections 8.3.5.13, 8.3.5.14, 8.3.5.15,

8.3.5.9, 8.3.5.10, and 8.3.5.12, respectively.
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such as hand calculations, may be used in performance-assessment analyses.
The information needs under each postclosure performance issue discussed in
Sections 8.3.5.9 through 8.3.5.17 contain the descriptions of the analyses
that will be done. Therefore, the last column entry in Table 8.3.5.19-1
lists the issue(s) that the code might be used to resolve so that the reader
can determine what analyses might be done using these codes.

Table 8.3.5.19-2 briefly describes each code, its documentation, and its
availability for use by the NNWSI Project. There are three reasons for
listing several codes for each type of application: (1) where analytic solu-
tions do not exist and while benchmarking activities are ongoing, several
codes that can be compared are needed for verification exercises; (2) the
complexity (i.e., dimensions, level of detailed physical parameter descrip-
tions, etc.) of the analyses that must be done have not yet been determined;
and (3) the capabilities of the codes are usually different.

8.3.5.19.2 Preclosure performance-assessment analytical techniques

Computer codes suitable for use in assessing the preclosure safety of
the Yucca Mountain repository site are listed in Table 8.3.5.19-3. These
computer codes fall into two broad categories: preclosure repository-systems
analyses and preclosure repository-consequence analyses. Computer codes for
preclosure repository-systems analyses perform (1) initiating-event identifi-
cation and quantification such as for criticality, fire, seismic activity,
and flood; (2) systems-reliability studies such as analyses of fault trees
and failure modes and effects; (3) human-reliability analysis; (4)
common-cause failure analysis; (5) accident-sequence quantification; and (6)
uncertainty, sensitivity, and importance analyses. Computer codes for
preclosure repository-consequence analyses include (1) source-term
characterization, (2) in-repository-consequence analysis, (3) environmental
transport and offsite-consequence analyses, (4) economic-consequence
analyses, and (5) uncertainty and sensitivity analyses. In addition to the
computer codes listed in Table'8.3.5.19-3, some simple analytical techniques,
such as hand calculations, maybe used in preclosure safety assessment. The
last column in Table 8.3.5.19-3 lists the issues in which the codes may be
used. Table 8.3.5.19-4 gives a brief description of each code identified as
a potential code to be used by the NNWSI Project and its status. The
preclosure risk assessment methodology (PRAM) program is assessing the NNWSI
set of computer codes, along with those of the Salt Repository Project and
the Basalt Waste Isolation Project, to determine the most appropriate
computer codes to be used uniformly by all the repository projects.

Unlike the computer codes used for postclosure performance assessment,
most of the computer codes used in preclosure safety assessment are adopted
from codes used for other nuclear-safety assessments (e.g., assessments of
reactors).' Since these computer codes have been used extensively in safety
assessment, they do not require extensive verification and validation. Some
exceptions to this statement are the ORIGEN-type codes, which are used by all
the waste-management subsystems, and the computer codes developed specifi-
cally by each repository project, such as computer codes to model the con-
sequences inside the surface and underground facilities.
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Table 8.3.5.19-2. Brief
(page

description of codes from Table 8.3.5.19-1
1 of 5)

Status of use
Code Code analysis Status of by NNuSI
name capabilities Material models docubentation Project

_~~~~~~~~~~~~~ouetto Proect

ADINAT
1,2,3d

Linear, nonlinear, transient,
steady state, thermal
conduction

Temperature, space-
dependent variation of
beat, thermal conduc-
tivity; boiling model;
multiple layers;
anisotropic properties,
generates input to
SANDIA-ADINA

Bathe 1975;
1977

SNLA (a,o)

AIRDOS-EPA Predictions of radionuclide
concentrations in air,
rates of deposition, intake
rates, and doses

ARRAY F Thermal conduction and
3D radiation; solutions by

superposition of expo-
nentially decaying point
sources

Modified Gaussian plume
equation, Nuclear
Regulatory Commission
terrestrial food-chain
models, dose-conversion
factors

Analytic solution of a
heat source in an
infinite medium; all
material properties
constant

Moore et al.,
1979

Klett et al.,
1980

SNLA (a)

SNLA (a,o)

COYOT3

DACRDI

Linear and nonlinear
transient heat conduction
with energy sources

Organ dose to man from
acute or chronic inhala-
tion of radioactive
aerosol*

Temperature, time, and
space-dependent varia-
tion of specific heat
and thermal conduc-
tivity; boiling in
partially saturated
media approximated
through latent heat
consideration; multi-
ple material layers;
jointed rock model

ICRP Task Group Organ
Models; atmospheric
dispersion; effective
radiation doses to
organs and the gastro-
intestinal tract

Cartling,
1982

Hlouston
et al.,
1974

SNLA (a, o)

Mh (a)

Eq3/Eq EQ3 equilibrium distribu-
tion of chemical species
in an aqueous solution;
saturation state of fluid
with respect to minerals.
EWO Mass transfer and
effects of heating and
cooling of th, aqueous
solutions; irreversible
reaction in rock-water
system

FEMIBN Convective, dispersive, and
diffusive transport of
dissolved constituents;
sorption, first order decay;
development with first order
decay complete; decay chain
capabilities in develop-
mental stage

B3P: Fixed temperature
and pressure; empiri-
cal models of minerals
in stable phase assem-
blage; EQ5: Reaction
path models include
precipitation, reac-
tion progress in open/
closed system

Volery, 1979 LLNL (a,o,d)

Unsaturated porous
media; retardation by
sorption; chemical
reactions, decay,
moisture-dependent
retardation factor;
assumes local equili-
brium for sorption

Martines, 1285 SNLA (a,o,d)
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Table 8.3.5.19-2. Brief
(page

description
2 of 5)

of codes'from Table 8.3.5.19-1

Status of use
Code Code analysis Status of by NNWSJ
name capabilities Material models documentation Project

CWTT Probability distributions of
ground-water travel times
along distribution of flow
paths, simplified Darcy's-
law in both matrix -and
fractures

Frequency distribution
for saturated conduc-
tivity; effective
porosity in multi-
layers throughout
repository; implicit
assumptions for corre-
lation' lengths; proba-
bility distribution
functions generated
-for flow paths; pro-
bability distribution
functions calculated
for areally inte-
grated ground-water
travel times

Sinnock
et *L I
1988

SNLA (a)

EDOC Two-phase nonlinear mass
and heat transport in
porous media, radionuclide
decay; method of dynamics
of contours

ISOQUOD Regional saturated hydrolo-
gic analysis of aquifier
systems in multilayered
media

Transient, ID, nonlinear
flow; solute transport
includes advection and
diffusion with decay
and retardation of
radiozuclides

Eeterogeneous, multi-
dicensional saturated
media, Darcy's law
Applied with transient

.leakage coefficient,
storage/sink terms,
transmissivity

Temperature-dependent,
elastoplastic strain
hardening; tempera-
ture-dependent
secondary creep,
soil with thermal
loading, Jointed
rock with thermal
loading

Gamma-ray interaction with
atoms in-water, metal
barrier, and- waste to
produce Alpha-particles

'and spontaneous fission

F Pinder,- 1976

Thomas, 1982

' SNLA (o)

SNLA (o,d)

I Los Alamos
(a,o,d)

JAC2D Linear and nonlinear static
stress analysis of 2D
solids

MORSE-L Atomic displacements from
slowing of alpha particles
and fission fragments;
attenuation and absorbed
dose rate from gamma rays

Wilcox, 1972 LLNL (o)

Stress in waste package from
external loads, thermal
expansion and thermal
gradients, volume expansion
of corrosion products, resi-
dual stress from fabrication

Mechanical aind thermal
stress,-yielding, and
unstable cr.ck propaga-
tion

laliquist,
1983

LLNL (o)

KORIA Transport of water, water
vapor, air and energy
through partially satu-
rated porous media; four
nonlinear parabolic
equations solved
simultaneously

Material properties
either constant or
function of depen-
dent and independent
variables through
user-defined sub-
routines; ideal gas
law

Bixler, 1985 SNLA (a,o,d)
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Table 8.3.5.19-2. Brief
(page

description of codes from Table 8.3.5.19-1
3 of 5)

Status of use
Code Code analysis Status of by NNWSI
name capabilities Material models documentation Project

NWFT Flow and transport in
saturated porous media

ORIGEN2 Composites, radiation,
spectra, and hazard
units of the fuel
cycle to compute
isotope generation

PAMLN Internal doses and dose
commitments to man for
acute or chronic inges-
tion of radionuclides

2D network represen-
tation-of ID paths
for flow and trans-
port of 3-member decay
chains; properties vary
between flow segments,
stant along each segment

Bateman equations,
specular equilibria
where appropriate;
space- and spectrum-
averaged cross
sections; one-group
flux

ICRP models for doses
by ingestion for
population or maxi-
mum individual for
air pathway

Radiation, thermal,
mechanical corrosion,
and leach models; 1D
flow and transport in
porous media

Ion association model;
pH, redox-potential,
mass transfer func-
tions of reaction
progress equilibrium;
solid phases, distri-
bution of aqueous
species, saturation
state of aqueous
phase with respect to
mineral phase; temper-
ature variations

Campbell
at al. ,
1980

SNLA (a,o)

SNLA (a)

SNLA (a);
PNL (a)

Napier
*t al. ,
1980

PANDORA Physical and chemical
degradation of waste
package barriers, radio-
nuclide flux

O'Connell and
Drach, 1988

LLNL (d)

P3B81 Geochemical speciation and
mass transfer

Los Alamos
(a)

SAGUARO Richard's equation for flow
through partially satu-
rated porous media using
Darcy's law; capillary
effects; assumes single-
phase incompressible
fluid; includes energy
transport by conduction,
consection, dispersion;
development complete on
all but vapor transport

Pressure, temperature,
tine, and space-
dependent specific
heat, thermal con-
ductivity and internal
heat generation, mois-
ture content, permeabil-
ity; moisture-dependent
permeability; thermal
expansion, multiple
material layers,
anisotropic material
properties

Eaton et al.,
1983;
Gartling and
Nickos, 1882

SNLA (a,o,d)
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Table 8.3.5.19-2. Brief description of codes from Table 8.3.5.19-1
(page 4 of 5)

Status of use
Code Code analysis Status of by NNWSI
name capabilities Material models documentation Project

SPARTAX' Water flow and radionuclide
transport through dual
porosity media; Darcy's
law and convective trans-
port of sorbing radio-
nuclides

helease rates, cumula-
tive releases, and
ratios of releases to
EPA standards c-lcu-
lated as functions of
geometry, repository
area, flow path,
water flux, effective
porosity, initial
inventory, water
solubility, canister
lifetime, and retar-
dation factors

Lin, 1985 SNLA (o)

SPECTOU41
and

SPECTRDM31

TAC02D

Thermoplastic and plastic
analyses of stresses,
displacement, plas-
ticity zones and
failure zones due to
extraction and canis-
ter emplacement in a
repository

Transient and steady-state
thermal conduction in 2D

Infiltration through
unsaturated porous media,
radionuclide decay and
leaching, saturated and
unsaturated flow and trans-
ports of decaying radio-
nuclides in porous media

Nonisotropic, 3D elastic
and thermal properties;
ubiquitous joint ele-
Rent; failure modes
include Von Vises and
Mohr-Couloumb-Drucker-
Prager

Svalstad, 1983 KESPEC (o)

Burns, 1982 LLNL (o)

TOSPAC * 1D .3pace-dependent
=aterial properties;
3-member decay chains;
solubility-limited'
leaching, assumed
source dissolution and
diffusion model; equi-
librium adsorption;
dispersive, diffusive,
convective transport

Peters et al., SNLA (o)
1985 '

TOUGH Transport of water, water
vapor, and beat in
partially saturated
porous media

Pruess and
Wang, 1984

LBL (o),
LLML
(a,o,d),
USGS (a)

Los Alamos
(a,o,d)

TlACR3D Saturated and unsaturated,
fractured and porous media;
multicouponent ground-water
flow and radionuclide
migration

Transient, 3D, nonlinear Travis, 1983
flow, one- or two-
phases (air and water),
tracer in one phase,
molecular dispersion,
radioactive decay,
adsorption, capillary
pressure, buoyancy,
spatial variation of
material properties,
saturated and unsaturated
seepage from fractures

Transient, 1, 2, or 3D
molecular diffusion
and advection of
radioactive tracers
in single phase,
equilibrium sorption

TRV Diffusive-advective
transport of sorbing
radionuclides

LBL (a, o)
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Table 8.3.5.19-2. Brief description of codes from Table 8.3.5.19-1
(page 5 of 5)

Status of use
Code Code analysis Status of by NNMSI
name capabilities Material models documentation Project

TRUST Conservation of fluid mass Permeability, compressi- Reisenauer LBL (a,o,d)
in variably saturated, bility nonlinearly et al., 1982
deformable porous medium related to stress;

permeability, satura-
tion related to pore
water pressure in
unsaturated zone

VSFAST Saturated and unsaturated, Transient, ID, nonlinear USGS (o)
water flow in porous media; flow
radionuclide migration

'AFS Two-phase nonlinear mass Transient, 2D, nonlinear Travis, 1985 Los Alamos
and heat transport in flow; anisotropic (t)
porous media properties; equations

of state for liquid
and vapor water;
multicomponent (air
and water)

WAPPA Physical and chemical Radiation, thermal, INTEIA, 1983 'LLNL (a,o,d),
degradation of waste mechanical corrosion, SNLA (a,o)
package barriers, and leach models
radionuclide flux

aAbbreviations as follows: SNLA a Sandia National Laboratories, Albuquerque; LBL Lawrence
Berkeley Laboratory; LLNL - Lawrence Livermore National Laboratory; Los Alamos - Los Alamos National
Laboratory; USGS = U.S. Geological Survey; INTERA a INTERA Unvironmental Consultants, Inc.;
RESPC = RESPEC, Inc.; PNL a Pacific Northwest Laboratory; a - codes available; o codes operational;
d * codes under development.
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Table 8.3.5.19-3. Computer codes for use in preclosure safety assessment

Categories of
preclosure Issue in which
safety the code may
assessment Type of analysis Potential codes be useda

Systems Criticality KENO-IV 2.1, 2.2
analyses

Systems reliability SETS 2.3

Shielding code ANISN 2.1, 2.2, 2.3

Consequence Source-term ORIGEN-2 2.1, 2.2, 2.3
analyses characterization

Public exposures GASDOSE 2.1

Public exposures AIRDOS-EPA 2.1, 2.2

Public exposures CRRIS system 2.1, 2.2, 2.3

Public exposures DACRIN -2.3

alssues 2.1, 2.2, and 2.3 are discussed in Sections 8.3.5.3, 8.3.5.4,
and 8.3.5.5, respectively.
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Table 8.3.5.19-4. Brief description of codes from Table 8.3.5.19-3

Code Code Status of Status of use by
name description documentation NNWSI Project

AIRDOS-EPA Routine-release dose
consequences (Clean
Air Act compliance)

User manual extant;
no verification;
some limited
validation

Under
evaluation

ANISN

CRRIS

DACRIN

GASDOSE

KENO-IV

ORIGEN-2

SETS

Discrete-ordinate
for shielding

New EPA-funded
radioactive-
release dose
consequences

Accident-release,
airborne-pathway
dose consequences

See AIRDOS-EPA

Monte-Carlo
criticality and
shielding

Radionuclide inven-
tory of spent
fuel

Fault-tree and
event-tree
analysis

User manual extant;
no verification and
validation data

Documentation in
preparation;
limited verification
and validation

User manual extant;
limited validation
only

Proprietary

User manual extant;
has been validated

User manual extant;
verification and
validation underway

User manual extant;
no verification and
validation data

Used in pre-
paration of
existing pro-
ject documen-
tation

Under
evaluation

Under
evaluation

Used in pre-
paration of
existing pro-
ject documen-
tation

Under
evaluation

Under
evaluation

Under
evaluation

K>
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8.3.5.20 Analytical techniques requiring significant development

8.3.5.20.1 Analytical techniques

The analytical techniques that require significant development are those
for which analysis approaches are still being formulated, solution methods
are still being developed, or codes are still being written or debugged.
Analytical techniques that still require significant development include the
following: (1) the simplified physical models that will be used in the prob-
abilistic analyses; (2) the techniques for implementing statistical methods
that will be used to do probabilistic estimates of ground-water travel time,
release rates from the engineered-barrier system, and cumulative releases to
the accessible environment, as described in Sections 8.3.5.12.2, 8.3.5.10.3,
and 8.3.5.13.4; and (3) systematic techniques that will be used for screening
scenarios, as described in Section 8.3.5.13.3. In addition, the analytical
techniques described in Tables 8.3.5.19-1 and 8.3.5.19-2 in Section 8.3.5.19
may require more development if validation or site characterization
activities show that the models do not properly simulate conditions at the
site.

Some analytical techniques are used specifically in the assessments of
preclosure-safety. Those that may require significant development for pre-
closure safety assessment will be determined by the preclosure risk assess-
ment methodology (PRAM) program, as described in Section 8.3.5.1. Minimal
development is expected to be needed in most technical areas. Potential
areas that may require development include source-term characterization and
data development.

A number of methods and practices that will be useful in assessing the
performance of a repository might be termed 'analytical techniques'; they are
discussed in other sections of the SCP. Section 8.3.5.13 describes the
selection and characterization of scenarios for releases of radioactive
material from the total repository system. The section also explains in
detail the basic construction of complementary cumulative distribution func-
tions for assessing these releases. In addition to the models listed in
Section 8.3.5.19, the assessment of releases will require some special-
purpose models, as Section 8.3.5.13 explains. Topics such as verification,
benchmarking, and validation are described in Section 8.3.5.19 and in this
section, 8.3.5.20. Although no detailed site-specific plans for sensitivity
and uncertainty analyses are now available, they will be an important part of
the performance assessments as well as the guidance for site charac-
terization. The preliminary work that has been done to date is described in
the detailed performance allocations throughout Section 8.3.5. Professional
judgment will be essential to preparing adequate performance assessments; its
central role is described in Section 8.3.5.8.

8.3.5.20.2 Plans for verification and validation

Analytical techniques to-be used for performance assessments-in support
of a license application must be verified and validated in accordance with
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the guidance of NUREG-0856 (Silling, 1982). The NUREG-0856 guidance is
implemented for the NNWSI Project in the standard operating procedure
SOP-03-02. Plans for verification and validation of the analytical tech-
niques and models used for performance assessments of Yucca Mountain will be
contained in a series of reports that will describe (1) an overall strategy
for the verification and validation process, (2) how the site characteriza-
tion data obtained as a result of the activities described in this site
characterization plan will be used in the validation process, (3) how data
from natural and man-made analogs or other sites will be used, and (4) how
professional judgment and peer review will be used in the validation process.
The final results of the verification and validation of all performance-
assessment codes will be documented. The following discussion summarizes the
program for verification and validation that is intended to provide the
certification of performance-assessment codes and models.

Verification of analysis methods

All analytical techniques used for final performance assessments of the
suitability of the Yucca Mountain site must be verified. These techniques
include the completed techniques described in Section 8.3.5.19 and the three
groups of analytical techniques described in this section, 8.3.5.20. Veri-
fication of analytical techniques, according to guidelines in NUREG-0856
(Silling, 1982), is the 'assurance that a computer code correctly performs
the operations specified in a numerical model.' This definition has been
applied to any analysis method, however simple (e.g., semianalytic computer
code for calculating a single-valued, uniquely determined algebraic expres-
sion) or complex (a numerical computer code). To simplify this discussion,
it is assumed that the analysis method is a computer code.

The numerical accuracy and stability of the hydrologic and radionuclide
transport codes will be verified by comparison with analytic solutions and by
benchmarking against other computer codes. The verification process may
include code development work where the mathematical model has been inaccur-
ately incorporated into the numerical code or insufficient capabilities in
the existing codes are revealed by the numerical comparison activities. Any
code used to make performance assessments will be verified. For each code,
the following verification steps will be taken:

1. Numerical analysis techniques will be used to define the limits of
code accuracy in terms of methods of solution, discretization, and
parameter ranges.

2. The numerical accuracy and solution sensitivities will be tested by
comparison with analytical solutions wherever possible.

3. The relative numerical accuracy and solution sensitivities to
modeling techniques on small-scale, multidimensional problems will
be tested, using representative data-from Yucca Mountain, by
benchmarking between two or more similar computer codes.
Sensitivities to mesh and time-step sizes, convergence criteria,
etc., will be investigated.

4. Computer codes will be revised, as necessary, to ensure sufficient
accuracy and stability.
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5. Benchmarking comparisons of codes on problems typical of those
required by the issue for which the codes are used will be
performed. These comparisons will be made by the NNWSI Project,
using codes and data obtained from site characterization of Yucca
Mountain, and will be coordinated with the analyses performed for
Issues 1.1 through 1.6 (Sections 8.3.5.9, 8.3.5.10, and 8.3.5.12
through 8.3.5.16).

6. The results of the verification will be documented according to the
guidelines in NUREG-0856 (Silling, 1982) as implemented-in NNWSI
Project SOP-03-02.

COVE: a benchmarking activity

Not all applications of the codes are amenable to testing of numerical
accuracy by comparison with analytical solutions. Therefore, the code
verification (COVE) activity has been initiated for benchmarking the water-
flow and radionuclide-transport codes being used for performance assessments'
The goals of the COVE activity are to (1) demonstrate and compare the numer-
ical accuracy and sensitivity of certain codes, (2) identify and resolve
problems in running typical NNWSI Project performance-assessment calcula-
tions, and (3) evaluate computer requirements for running the codes. The
following benchmarking problems are being defined:

1. Isothermal transport of water and radionuclides through homogeneous,
variably saturated tuff (COVE 1).

2. Isothermal transport of water through layered, variably saturated
tuff (COVE 2).

3. Nonisothermal transport of water, vapor, air, and heat in fractured,
welded tuff (COVE 3).

4. Isothermal transport of water and radionuclides through saturated,
fractured tuff.

Other benchmarking problems will be defined, as required, as the code-
verification process develops.

COVE 1 was the first step in benchmarking some of the performance-
assessment codes. Isothermal calculations for the COVE 1 benchmarking have
been completed using the hydrologic flow codes SAGUARO, TRUST, and GWVIP; the
radionuclide transport codes FEMTRAN and TRUMP; and the coupled flow and
transport code TRACR3D. The COVE 1 participants are listed in Table
8.3.5.20-1. Hayden (1985) presents the results of the three cases of the
benchmarking problem solved for COVE 1, a comparison of the results, ques-
tions raised regarding sensitivities to modeling techniques, and conclusions
drawn regarding the status and numerical sensitivities of the codes.

8,3.5.20-3



CONSULTATION DRAFT

Table 8.3.5.20-1. Participants and codes used in COVE 1 benchmarking problem

Participant Code

Los Alamos National Laboratory TRACR3D
Lawrence Berkeley Laboratory TRUST/TRUMP
Pacific Northwest Laboratory TRUST
Sandia National Laboratories SAGUARO/FEMTRAN
Environmental Consultants, Inc. GWVIP

Work is currently in progress on both COVE 2 and COVE 3. The goals of
COVE 2 and COVE 3 are the same as for COVE 1. However, the emphasis is on
modeling site-scale problems of the type that will be required for
performance-assessment calculations. Both one- and two-dimensional problems
have been defined under both isothermal and nonisothermal conditions. Iso-
thermal water flow through several layers of unsaturated tuff with different
hydrologic properties is modeled in COVE 2. The participants in COVE 2 and
the codes they are using are listed in Table 8.3.5.20-2. In COVE 3, tempera-
ture and saturation profiles are being calculated in a nonisothermal condi-
tion in tuffs of the Topopah Spring Member, simulating post-waste-emplacement
conditions in the near field. The participants in COVE 3 and the codes they
are using are listed in Table 8.3.5.20-3. The COVE 2 and COVE 3 activities
will be fully documented in NNWSI Project reports.

Table 8.3.5.20-2. Participants and codes used in COVE 2 benchmarking problem

Team Code

U.S. Geological Survey TOUGH, VSFAST
Lawrence Berkeley Laboratory TRUST
Sandia National Laboratories SAGUARO, NORIA
Sandia National Laboratories TOSPAC
Los Alamos National Laboratory HDOC, TRACR3D
Pacific Northwest Laboratory FEMWATER, TOUGH
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Table 8.3.5.20-3. Participants and codes used in COVE 3 benchmarking problem

Team Code

Lawrence Berkeley Laboratory TOUGH
Sandia National Laboratories NORIA
Lawrence Livermore National Laboratory WAFE

International code comparisons

The NNWSI Project is participating in two international code comparison
projects to supplement its benchmarking activities. These comparisons will
establish the.general:applicability, acceptability, and flexibility of the
codes and will provide independent assessment and peer review. The HYDROCOIN
(Hydrologic Code Intercomparison) project examines hydrologic models and
codes and their use in performance assessments for high-level nuclear waste
repositories. The INTRACOIN (International Nuclide Transportation Code
Intercomparison) study examines models and codes that describe the transport.
of radionuclides in geologic media.

Both of these code comparison projects have three principal activities:
(1) level 1, benchmarking and verification of codes, (2) level 2, validation
of models, and (3) level 3, sensitivity and uncertainty analyses of the mod-
eis and codes. Several level 1 benchmarking analyses have been performed by
the NNWSI Project on test cases that are pertinent to conditions at the Yucca
Mountain site. The results are documented in the INTRACOIN Final Report for
Level 1 (1985) and in the HYDROCOIN-report (Cole, 1986).

Validation of physical concepts .

The models used for performance-assessment-analyses will be validated.
Validation is defined in-NUREG-0856 (Silling, 1982) as 'assurance that a
model, as embodied in a computer code, is a correct representation of the
process or system for which it is intended.' These models include the 'com-
pleted analytical techniques' described in Section 8.3.5.19 and the three
groups of.analytical techniques described previously in this section,
8.3.5.20. The models embodied in computer codes for use in performance-
assessment analyses are described in the performance issues under Key
Issue 1. The validity of the resulting computer codes for describing the
flow of water and the-associated radionuclide transport will be assessed, to
the extent possible, by comparison with laboratory experiments, field and in
situ testing, observations of natural analogs, and.peer review.

Complete.validation, of a model usually entails comparing predictions
made by the model.,with experimental results over times andidistances similar
to those for which the model eventually will be used. Clearly, such complete
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validation of repository models is not possible, especially for the 10,000-yr
period over which repository performance needs to be evaluated.

Because this global check on performance predictions is precluded, a
degree of partial validation is planned. Partial-validation activities will
be focused on those aspects of modeling that are especially important for
demonstrating compliance with performance requirements. Validation activi-
ties will be further focused to address the following key steps in modeling:

1. The system to be modeled is described, with special attention to
those geometrical and physical parameters that might influence
performance measures.

2. The conditions and environment in which the system is expected to
operate (both internal operating conditions and external states of
nature) are described.

3. The physicochemical processes that could affect system performance
are enumerated.

The degree to which these steps in modeling are partially validated will
depend on the influence each step has on performance and the degree to which
modeling uncertainty must be reduced to provide reasonable assurance that the
system will perform within regulatory limits. Scientific activities (includ-
ing field studies on unstressed geologic systems, field experiments in which
stresses are applied, in situ experiments at depth, natural analog studies,
and theoretical scoping calculations) will be undertaken to provide a body of
knowledge to peer reviewers, who will assess whether an adequate degree of
partial validation has been achieved. Models for different subsystems will
require a different mix of scientific activities to achieve an appropriate
degree of partial validation, as discussed at a very general level by
Eisenberg et al. (1987).

The NNWSI Project plans to perform partial model validation in two
stages: the partial validation needed for licensing will take place during
the several years of site characterization and further validation needed for
closing the repository will be undertaken throughout the several decades of
performance confirmation. Although limited testing cannot provide complete
validation, it can help to provide confidence that the model is representing
the physical system to a degree adequate for modeling. The methods that will
be used to provide this confidence will include the following:

1. The use of laboratory experiments, field investigations, and natural
analogs to provide data for comparing with model output. Some ex-
periments may be designed specifically to provide data appropriate
for validating particular models or parts of models.

2. Formalized peer review of model development and application. (This
review will extend to the validation of simplified system models for
total-system performance assessment by comparison with more complex
models.) Because validation through comparison with experimental
data is not possible for repository codes, expert judgment will be
required to establish whether validation has provided reasonable
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assurance. This expert judgment will be provided through peer
review groups developed within the NNWSI Project and OCRWM.
Additionally, as Section 8.3.5.8 points out, the strategy for
postclosure performance assessment relies strongly on peer reviews
by experts from inside and outside the DOE, e.g., by the NRC.

A number of needs for model validation have already been identified
(DOE, 1g86b), namely:

1. Conceptual hydrologic models of flow in the unsaturated zone at
Yucca Mountain.

2. The expected physical and chemical environment in the repository for
10,000 yr after closure.

3. The conditional distribution of waste-disposal-container lifetime in
the postclosure repository environment.

4. Transport of radionuclides in the gas and vapor phase within the
overburden.

Plans to develop models to address these and other similar items are
presented in other sections of the SCP; for example, Section 8.3.1.2.2.10
discusses the development of hydrologic models for the unsaturated zone. The
techniques to be used to validate these models are discussed briefly within
these sections. Additional development and application of techniques for
model validation will be performed during site characterization and will be
presented in future semiannual progress reports. After the issuance of a
validation-strategy report for the entire OMWU program, the NNWSI Project
will develop an overall approach (integrated over the Project) to model
validation. The Project will also issue a plan for implementing that
approach.

The validation process will proceed from small-scale analyses'of pheno-
mena to large-scale analyses of assumptions regarding bulk behavior. The
small-scale analyses should show that the underlying assumptions regarding
physical interactions in the system are correct by comparison with controlled
laboratory and in situ experiments. The large-scale analyses will attempt to
show by comparisons with field and in situ testing.that the heterogeneities
and simplifying assumptions made to extrapolate from the small to large scale
are valid. Peer review will be essential in assessing the validity of codes
to be used in calculations involving large spatial or temporal scales.

The preceding general principles for validation have been expanded upon
for the hydrologic and radionuclide transport codes. The following activ-
ities will test-the modeling assumptions in these codes, guide further model
development where necessary, and calibrate and validate the models with field
results obtained during site characterization:

1. Laboratory experiments that'investigate movement of water through
fractures and matrix will be modeled. Isothermal experiments will
be used'in the validation of the assumed governing equations of
water movement for the multidimensional site-scale analyses and the
radionuclide-release analyses. Nonisothermb.l experiments will be
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used to address the validation of the representation of physical
properties and dominant flow mechanisms in the analyses for flow in
the radionuclide source-term formulation.

2. In situ experiments from the exploratory shaft will be modeled for
the validation of models of water flow. The goal of this step is to
establish in part the validity of the computer codes for predicting
how flux, permeability, and flow mechanisms may change because of
heat loads, changes in climatic conditions, alterations in the in
situ stress state, and transient recharge events.

3. Laboratory and in situ experiments from the exploratory shaft will
be modeled to address the validity of radionuclide transport and
retardation models in both isothermal and nonisothermal codes.

4. Natural analogs, if available and applicable, will be modeled as
part of the validation process.

5. Peer review will be used extensively to evaluate modeling
assumptions, guide model development, and assess the validity of the
code.

To perform the activities listed previously, the following information
about the hydrogeology and transport characteristics of the site is a partial
list of what is needed from the laboratory, field, and in situ tests:

1. Movement of water through single fractures, through matrix blocks,
and through a porous fractured rock mass for various saturation,
thermal, and stress conditions.

2. Beat-induced movement of water and vapor in welded tuff.

3. Vertical distributions of moisture content, pressure, perme-
abilities, and water age in the unsaturated zone at Yucca Mountain.

4. In situ infiltration and bulk properties as functions of applied
flux conditions, temperatures, and pressures.

5. Field data for potentiometric head and dispersion in the saturated
zone.

6. Radionuclide sorption, diffusion, and precipitation data from
laboratory and in situ tests.

The previously mentioned items are general activities and information
items that may be used in the validation process for various flow and trans-
port codes. Specific validation activities for particular codes will be
performed as part of the resolution of the issues that use the codes.

The validity of the simplified physical models mentioned in Section
8.3.5.20.1 will be assessed, to the extent possible, by comparison with
laboratory experiments, field and in situ testing, observations of natural
analogs, and peer review. The applicability of the simplified models may
also be assessed by comparison with more detailed models. This will help to
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ensure that the simplified models have captured the essential features of the
more detailed models and that their use will produce consistently conserv-
ative estimates of travel times and radionuclide release rates.

The statistical-analysis methods and scenario-screening methods
mentioned in Section 8.3.5.20.1 will be evaluated for use in performance
assessments by a careful review of the theoretical bases for the methods, by
review and acceptance of the application of the methods by qualified peers,
and by comparison with accepted methods commonly used for related appli-
cations.
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