U.S. Department of Energy
Hanford Site

September 29, 2020

20-TF-0091

Ms. Alexandra K. Smith, Program Manager
Nuclear Waste Program

Washington State

Department of Ecology

3100 Port of Benton Blvd.

Richland, Washington 99354

Dear Ms. Smith:

THE U.S. DEPARTMENT OF ENERGY, OFFICE OF RIVER PROTECTION,
TRANSMITTAL OF RPP-ENV-61497, PRELIMINARY PERFORMANCE ASSESSMENT OF
WASTE MANAGEMENT AREA A-AX, HANFORD SITE, WASHINGTON, REVISION 0,
AND RPP-ENV-62206, ANALYSIS OF POST-CLOSURE GROUNDWATER IMPACTS
FROM HAZARDOUS CHEMICALS IN RESIDUAL WASTES IN TANKS AND
ANCILLARY EQUIPMENT AT WASTE MANAGEMENT AREA A-AX AT THE
HANFORD SITE, SOUTHEAST WASHINGTON, REVISION 0

This letter transmits the two documents required for submittal under Hanford Federal Facility
Agreement and Consent Order Milestone, M-045-99 and completes that milestone. The
M-045-99 milestone was ambiguously written; however, your staff clarified the scope of the
necessary submittals is limited to RPP-ENV-61497, Preliminary Performance Assessment of
Waste Management Area A-AX, Hanford Site, Washington, Revision 0, and RPP-ENV-62206,
Analysis of Post-Closure Groundwater Impacts from Hazardous Chemicals in Residual Wastes
in Tanks and Ancillary Equipment at Waste Management Area A-AX at the Hanford Site,
Southeast Washington, Revision 0.

If you would like a briefing or have any questions, please contact me, or your staff may contact
Rod Lobos, Environmental Compliance Division, Office of River Protection, on (509) 316-8579.

Sincerely,

- Digitally signed by
B“an A Brian A. Harkins
Date: 2020.09.29

Harkl ns 06:37:03 -07'00'

Brian A. Harkins
Tri-Party Agreement Manager
ECD:RAL Office of River Protection

Attachments and cc: See page 2

Richland Operations Office Office of River Protection
P.O. Box 550 P.O. Box 450
Richland, Washington 99352 Richland, Washington 99352
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Attachment 2
20-TF-0091

Analysis of Post-Closure Groundwater Impacts from Hazardous
Chemicals in Residual Wastes in Tanks and Ancillary Equipment at
Waste Management Area A-AX at the Hanford Site,
Southeast Washington, Revision 0
RPP-ENV-62206

(672 Pages Including Cover Sheet)
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deleterious FEP indicates the need to consider whether an analysis is needed to evaluate the
behavior of the closed WMA when the safety function is degraded. The result is a suite of
analysis cases that are focused on conditions of potential concern to the future behavior of the
facility.

Figure B-1. Structure of Uncertainty Analyses for Performance Assessment.

Source: NCRP Report No. 152, Performance Assessment of Near-Surface Facilities for Disposal of Low-Level Radioactive
Waste.

This hybrid approach leads to a streamlined approach to identifying a credible set of alternative
analysis cases that support the PA and impacts analysis. These analysis cases may be thought of
as representing either alternative scenarios or alternative conceptual models. Consequently, the
analysis cases explicitly evaluate uncertainties in future conditions (scenarios) and conceptual
models.

B.2 SAFETY CONCEPT AND SAFETY FUNCTIONS FOR WASTE MANAGEMENT

AREA A-AX

The safety concept is the overall approach by which a disposal system is intended to provide the
performance required in regulation. The safety concept can be thought of as the set of safety
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functions, acting together in concert, to provide that performance. Ideally, the safety functions
represent multiple and redundant barriers, so that the loss of one or some of the safety functions
continues to result in adequate performance of the overall system. A set of safety functions for
WMA A-AX are shown in Table B-1. The goal of the PA and impacts analysis is to evaluate
these safety functions, to provide reasonable assurance of performance even when some of the
safety functions are lost or degraded through time or disruptive events.

Figure B-2. Methodology for Identifying Sensitivity Analysis Cases Combining Safety
Functions with Potentially Deleterious Features, Events, and Processes.

FEPs = Features, Events, and Processes

A significant part of the safety concept lies in the land ownership of the Central Plateau by the
U.S. Department of Energy (DOE). It is noteworthy that all of the technical calculations that are
presented in the PA are predicated on the loss of the first two safety functions: loss of
institutional control of the Central Plateau by DOE, followed by loss of societal memory that the
Hanford Site existed. If either or both of these safety functions remain in place, the impacts of
contaminant releases from residual wastes are very low and greatly delayed in time, as shown in
the Tank Closure and Waste Management Environmental Impact Statement analyses for tank
residual wastes (DOE/EIS-0391, Final Tank Closure and Waste Management Environmental
Impact Statement for the Hanford Site, Richland, Washington). Inthe assessment context of PAs
conducted under DOE O 435.1, Radioactive Waste Management (see Section 2), and

DOE M 435.1-1, Radioactive Waste Management Manual, both of these safety functions are
assumed to disappear; the soonest that institutional controls are assumed to be lost is 100 years
after closure of the tank farm system.
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Table B-1. Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and
Processes ldentified for the Waste Management Area A-AX Residual Waste Performance Assessment. Details for
individual Features, Events, and Processes and associated numbers identified in this table can be found in
Section B.3. (6 sheets)

Designation Name Description AssociatedFEPs | Deleterious FEPs | Associated Analyses
11 Institutional By DOE O 435.1, Radioactive Waste Management,it | 1.1.06 — Treated conservatively
Control is assumed that control of the site will be retained forat | 1.1.09 in all
least 100 years. A strongpotential exists that the 1.1.10
U.S. governmentwill retain control of the site fora 1.4 (all)
much more extended period oftime. DOE O 458.1,
Radiation Protectionofthe Publicandthe
Environment requires that plans for managementand
disposal of wastes provide for institutional controls and
long-termstewardship. DOEP 454.1, Use of
Institutional Controls identifies how thatstewardship
is to be carried out.
12 Societal Societalmemory is represented by records, deed 1.1.06 — Treated conservatively
memory restrictions, and other passive controls that would wam | 1.1.09 in all
someone thatadditional care should be takenin the 1.1.10
area. Foramember of the public to come onsite to 1.4 (all)
experience exposures to contamination fromWaste
Management Area (WMA) A-AX, records thatthe
Hanford Site existed would needto be forgotten or
ignored. DOEO 458.1 requires record keepingthat
would lessenthelikelihood ofthis occurrence.
DOE P 454.1 identifies howthatstewardship is to be
carried out.
13 Bxposure By DOE 0O 435.1, it is assumed that a post-closure 1.1 (all) — Treated conservatively
drinking water well is established 100 m downgradient | 1.4 (all) in all
atthe point of highestconcentrationin the 3.3 (all)
groundwater. Itis highly unlikely that this situation 2.2.13(intruder)
will occur, and potential wells in other locationswould | 2.3.03
producemuch lowerimpacts to amember ofthe 2.3.08
public. Furthermore, evenifcontrolofthesiteis lost, | 2.3.09
the 100-m boundary for WMA A-AX lies amid many | 2.3.13
tank farms in the Central Plateau, and does not 2.4 (all)

represent a realistic exposure point. Exposureswould
be more likely to occurfurther downgradient.
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Processes ldentified for the Waste Management Area A-AX Residual Waste Performance Assessment. Details for
individual Features, Events, and Processes and associated numbers identified in this table can be found in
Section B.3. (6 sheets)

Designation

Name

Description

Associated FEPs

Deleterious FEPs

Associated Analyses

S1

Site
characteristics

WMA A-AX s asemi-arid site with low annual
precipitation. The Central Plateau is remote from
members ofthe public, with a substantial bufferarea
under U.S. Department of Energy (DOE) control. The
vadose zone is thick, with long travel times in the
vadose zone under natural recharge conditions.

2.3.01
2.3.02
2.3.03
2.3.07
2.3.07
2.3.08
2.3.09
2.3.10
2311
2312
2.3.13

All

EB1

RCRA Cover
(infiltration
reduction)

The final design cover has notyet been established, but
is believed to be able to produce very lownet
infiltration rates. Oversome period of time this
function may deteriorate, with the rate of deterioration
associated with increases in net infiltration.

1102
1.1.08
1112
1.2.04
1.2.07
1.3.01
1.3.02
1.3.04
1.3.06
1.3.07
1.3.08
1.4 (all)
2.1.05
2.3.01
2.3.02
2.3.07
2.3.08
2.3.10
2.3.11
23.12
2.3.13

1.1.08
1112
1.2.04
1.2.07
2.3.08
2.3.12
2.3.13

INF1

Also treated in
parameter uncertainty
analysisin

WMA A-AXPA
(RPP-ENV-61497)
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Table B-1. Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and
Processes ldentified for the Waste Management Area A-AX Residual Waste Performance Assessment. Details for
individual Features, Events, and Processes and associated numbers identified in this table can be found in
Section B.3. (6 sheets)

Designation Name Description AssociatedFEPs | Deleterious FEPs | Associated Analyses
EB2 RCRA Cover | Limitation oftypes of potential inadvertent human 1.1.02 — Intrusion
(depth of intrusion by depth of disposal. 1.1.05
disposal) 1.4 (all)
EB3 Steel Shell The functionofthe carbonsteelshell to limit flow 1.1.02 — TS1
(permeability) | throughthetankanddiffusionout ofthe tankis not 2.1.05
currently explicitly accounted for in the post-closure 2.1.08
period. Its potential eventual failure is considered as
part of the generic barrier failure cases. TS1explores
what happens ifthe steel linerbehaves better than
assumed in the nominal case.
EB4 Steel Shell The carbon steel shellwill corrode over a period of 1.1.02 — None
(chemical) time, leaving behind corrosion products of (primarily) | 2.1.05
iron oxides. These corrosion products are highly 2.1.09
sorptiveand tend to produce reducing conditions that
are highly advantageous for limiting mobility of redox
sensitive constituents.
EB5 Tankstructure [ The dome and walls providestructural support 1.1.02 — No credible deleterious
(structural) preventing subsidence in the cover above the closed 1.2.03 FEPs
facility. 2.1.05
EB6 Tankstructure | The tankstructure providesa barrierto intrusion. 1.1.02 — Intrusionanalysis
(intrusion) 1.4.03 (analyzedin
2.1.05 WMA A-AXPA
[RPP-ENV-61497], not
applicable to impacts
analysis)
EB7 Tankstructure | The concrete ofthe tankacts to conditionthe chemistry | 1.1.02 — GRT3 and also treated
(chemical) of the waste residuals, with sorption characteristic of 2.1.05 in uncertainty analysis
high pH environments. 2.1.09 in WMA A-AXPA
(RPP-ENV-61497)
EB8 Tankstructure | The concrete ofthe tank structureis substantially intact | 1.1.02 1.2.03 GRT1, GRT2
(permeability) | and providesabarrierto flow into the tank. 1.2.03

2.1.05
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Table B-1. Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and
Processes ldentified for the Waste Management Area A-AX Residual Waste Performance Assessment. Details for
individual Features, Events, and Processes and associated numbers identified in this table can be found in
Section B.3. (6 sheets)

Designation Name Description AssociatedFEPs | Deleterious FEPs | Associated Analyses
EB9 Groutin tank | Thegroutactstolimit water flow throughthe facility, | 1.1.02 1.1.08 GRTO
(permeability) | making releases dominated by diffusionfromthe 1.1.03 1.2.03
waste. 1.1.04
1.1.05
1.1.08
1.2.03
2.1.04
EB10 Groutin tank | Thegroutactstocondition thechemistry ofthewaste | 1.1.02 — GRT3 and also treated
(chemical) residuals, with sorption characteristic of high pH 2.1.04 in uncertainty analysis
environments. 2.1.09 in WMA A-AXPA
(RPP-ENV-61497)
EB11 Groutin tank | Thegrout provides structural support preventing 1.1.02 — No credible deleterious
w (structural) subsidence in the coverabove theclosed facility. 2.1.04 FEPs
4 EB12 Grout The structural strength of the grout provides a barrier 1.1.02 — Intrusion analysis
(intrusion) to intrusion. 14.03 (analyzedin
2.1.04 WMA A-AXPA
2.2.13 [RPP-ENV-61497], not
applicable to impacts
analysis)
EB13 Tankbase mat | Thetankbase mat, ifintact, will provide a barrierthat | 1.1.02 2.1.05 BM1
(permeability) | will limit flow and contaminanttransport fromthe tank | 2.1.05
residual wastes situated at the tank bottominto the
underlying vadose zone sediments.
EB14 Tankbase mat | The concrete padis anticipated tocontinue toprovidea | 1.1.02 — Treated in parameter
(chemical) high pHenvironment, with associated sorption, foran | 2.1.05 uncertainty analysis in
extended time in the future. 2.1.09 WMA A-AXPA
2.1.10 (RPP-ENV-61497)
EB15 Pipelines The pipelines, ifintact, provide a delay to releases of 2.1.06 — All analyses assume no
(permeability) | waste in ancillary equipment. credit forthis safety
function
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Table B-1. Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and
Processes ldentified for the Waste Management Area A-AX Residual Waste Performance Assessment. Details for
individual Features, Events, and Processes and associated numbers identified in this table can be found in
Section B.3. (6 sheets)

Designation

Name

Description

Associated FEPs

Deleterious FEPs

Associated Analyses

WF1

Residual waste
(chemical)

The residual waste is recalcitrant by nature, providing
limitations to the amountand rateof release of
contamination fromit upon contactwith water.

2101

2.1.02

2112

3.1 (all)
(except 3.1.06)
3.2 (all)
(except 3.2.08)

211

INVO, INV1, INV2

Vadose zone
thickness

The vadosezone is thick with slowrates of water flow,
leading to long transport times through the vadose zone
to the underlying aquifer.

2201
2.2.02
2.2.03
2.2.05
2.2.07
2.2.08
2.2.09
2212
2.3.02
3.1.01
3.2.07

1101
2.2.12

None

VZ2

Sorption on
vadose zone
sediments

Vadose zone sediments sorb some of the contaminants
of potential concern, extending transport times through
the vadosezone to theunderlyingaquifer. A number
of key contaminants are not believedto sorb
significantly.

1.4.07
2.2.08
2.2.09
2.3.02
3.2.03
3.2.04
3.2.05
3.2.06
3.2.07

1.4.07
2.2.08
3.2.03

Treated in parameter
uncertainty analysis in
WMA A-AXPA
(RPP-ENV-61497)

VZ3

Dispersionin
vadose zone

Spreading of contaminants (vertically and laterally) in
the vadosezone, dispersing themand decreasing
concentrations.

2201
2.2.02
2.2.03
2.2.05
2.2.07
2.3.02

2212

Treated conservatively
in all
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Table B-1. Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and
Processes ldentified for the Waste Management Area A-AX Residual Waste Performance Assessment. Details for
individual Features, Events, and Processes and associated numbers identified in this table can be found in

Section B.3. (6 sheets)

Designation

Name

Description

Associated FEPs

Deleterious FEPs

Associated Analyses

SZ1

Water flowin
saturatedzone

Advectiveflowin the saturated zone leading to
dilution of the contaminants.

1210
13.01
1.3.02
1.3.03
1.3.07
14.10
2.2.03
2.2.05
2.2.07
2.3.03
2.3.04
3101
3.2.07

13.01
1.3.02
1.3.03
1.3.07
2.3.03

Treated in parameter
uncertainty analysis in
WMA A-AXPA

(RPP-ENV-61497)

SZ2

6-9

Sorptionon
saturatedzone
sediments

Saturated zone sediments sorb some of the
contaminants of potential concern, delaying their
arrival at the point of assessment. A numberofkey
contaminants are notbelieved to sorbsignificantly.

2.2.08
2.2.09
3.2.03
3.204
3.2.07

Treated in parameter
uncertainty analysis in
WMA A-AXPA
(RPP-ENV-61497)

SZ3

Dispersionin
saturatedzone

Spreading of the plume in the saturated zone, adding
dilution to the contaminant plume and lowering
concentrations.

2.2.03
2.2.05
2.2.07

Treated conservatively
in all

Sz4

Dilution in
well

Dilution caused by pumpinga groundwater well to the
surface where it is useable andaccessible by a member
of the public.

14.10
2.2.13
3.2.07
3.2.12
3.3.01
3.3.02
3.3.04

None

FEPs
PA

Features, Events, and Processes

performance assessment

RCRA
WMA

Reference: RPP-ENV-61497, Preliminary Performance Assessment of Waste Management Area A-AX, Hanford Site, Washington.

Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq.
Waste Management Area

549 of 671

0 'A9Y '902¢9-AN3I-ddd



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 550 of 671

OO ~NOoOO Ul WN -

RPP-ENV-62206, Rev. 0

The chemical impacts analysis includes another administrative safety function introduced in the
analysis for DOE M 435.1-1: the point of assessment. If the first two safety functions
(institutional control and societal memory) are lost, DOE M 435.1-1 requires an assumption that
a groundwater well is installed 100 m from the residual waste left in the WMA in the location of
peak concentration. This assumption means that relatively little credit is given for delay and
dilution in the groundwater aquifer. In response to regulator concerns, additional points of
calculation are also evaluated at the 241-A and 241-AX Tank Farms fence lines. Even in the
event that memory of the Hanford Site is lost, people would not necessarily move to the Central
Plateau and use untreated groundwater as their water source. People further downgradient or
people not using groundwater would be more protected than the PA calculates. The regulation,
therefore, provides an additional layer of safety to the results of the analyses via this safety
function.

The remaining parts of the safety concept involve the use of the engineering and geological
setting to provide multiple and redundant barriers to the release and migration of residual wastes
from tanks and ancillary equipment. The barriers can be divided into one of three types:
hydrological safety functions, chemical safety functions, and structural safety functions. The
safety concept calls for filling the tanks with grout, leading to a highly stable underground
structure. The resulting monolith of grout contained in the tank can be assumed to maintain its
ability to support the soil overburden for very long periods of time. The hydrological safety
functions limit the contact of water with the residual wastes, limit the rate at which
contamination can be released and transported through the environment to the assessment point,
and provide dilution of contamination through dispersion and mixing with clean surrounding
groundwater. The chemical safety functions are intended to decrease the mobility of key
contaminants (through solubility limits and sorption), and to provide a stable and passive
chemical environment for the engineered barriers.

As discussed above, the purpose of the impacts analysis is to evaluate the safety concept to
provide reasonable assurance of performance of the safety concept, even in the event that one or
more of the safety functions are lost or are degraded in time. It is therefore reasonable to ask
which FEPs might affecta particular safety function in a way that might degrade its function, or
to cause the safety function to act differently than expected.

This approach has been used to identify a set of sensitivity analyses that explore the implications
of the loss of safety functions, while atthe same time exploring the implications of aggregated
FEPs that might affect the safety function in similar ways. The structure of the impacts analysis
has been to identify sensitivity cases and alternative models for the safety functions shown in
Table B-1, and to examine what happens in the impacts analysis model when the safety function
behaves differently than expected, is degraded compared to a nominal set of conceptual models
and assumptions, or is lost entirely. Particular attention was given to any FEPs identified that
might affect multiple safety functions simultaneously, since such FEPs imply the potential for a
common failure mode for multiple safety functions.

The safety functions and FEP evaluations were conducted for the WMA C PA. Upon review, the

project team decided that the safety functions and FEP evaluations are identical for the
WMA A-AX post-closure period. These safety functions are presented in Table B-1 along with

B-10
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the associated FEPs and potentially deleterious FEPs. This table was generated from a workshop
of senior PA experts, and represents the collective view of that group. The workshop was held in
Denver April 20 — 21, 2015, with the goal of evaluating FEPs as they relate to WMA C and
mapping the FEPs to safety functions. The attendee list is below.

Washington River Protection Solutions, LLC /INTERA/Hanford
e Marcel Bergeron
e Matt Kozak
e Mike Connelly
e Alaa Aly
Mick Apted
e Randy Arthur
e Bob Andrews

Savannah River Remediation/Savannah River National Laboratory/Savannah River
e Roger Seitz
e Kent Rosenberger
e Steve Hommel

Pacific Northwest National Laboratory/Hanford
e Vicky Freedman

The workshop was undertaken to evaluate which FEPs had the potential to affect safety functions
within the 10,000-year sensitivity and uncertainty analysis period. It therefore allowed the FEP
team to screen out some FEPs that may be expected to occur over extremely long time periods
(e.g., orogeny). The presumption in the FEP screening was that continental glaciation will not
occur within 10,000 years, so FEPs associated with such extreme changes were screened out.

All other FEPs that have a reasonable likelihood of occurrence in 10,000 years were evaluated
for their potential effects on the safety functions.

B.3 INTERNATIONAL FEATURES, EVENTS, AND PROCESSES LIST WITH
EVALUATIONS OF APPLICABILITY TO WASTE MANAGEMENT
AREA A-AX

This section contains an adaptation of Appendix C of IAEA-ISAM-1, Safety Assessment
Methodologies for Near Surface Disposal Facilities, Results of a co-ordinated research project,
Volume 1: Review and enhancement of safety assessment approaches and tools. The
Improvement of Safety Assessment Methodologies (ISAM) FEPs list is a list of FEPs relevant to
the assessment of long-term safety of near-surface disposal facilities, which attempts to be
comprehensive within reasonable bounds. Because these FEPS are an adaptation of the FEPs
used for near-surface disposal facilities, the term repository is used to refer to the disposal
system. It consists of 141 FEPs, each of which has an identifying number. The numbers reflect
a classification system, as shown in Figure B-3. Atits center, the classification scheme includes
processes related to contaminant release, migration and exposures (radionuclide and contaminant
factors). The next tier are the features of the disposal system (wastes, engineered and natural

B-11
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barriers and human behavior) and events and processes which may cause the system to evolve
(environment factors). Further out, there are processes and events originating outside the
disposal system, but which act upon it (external factors). These external factors (or external
FEPs) are often considered to be scenario-generating FEPs.

Figure B-3. Feature, Event, and Process Numbering Classification System.

0. Assessment Context
]

\/

1. External Factors

1.1 Repository 1.2 Geological 1.3 Climatic 1.4 Future
issues processes and processes and human
events . events actions
\
2. Internal Process System Domain Environment Factors
2.1 Wastes and 2.2 Geological 2.3 Surface 2.4 Human
engineered environment environment behaviour
features I
\
3. Radionuclide and Contaminant Factors
3.1 Contaminant 3.2 Release / 3.3 Exposure
characteristics migration factors factors

Figure excerpted from IAEA-ISAM-1, Safety Assessment Methodologies for Near Surface Disposal Facilities, Results ofa
co-ordinated research project, Volume 1: Review and enhancement of safety assessment approachesand tools.

Examination of the FEPs list shows a distinction between those that are descriptive of the system
and how it functions and those that have been included in the FEPs list because they have
potentially disruptive effects on the disposal system. This distinction has been used to
characterize how the FEPs act on WMA A-AX safety functions, with the results documented in
Section B.4.

For the sake of clarity, the full list of FEPs from IAEA-ISAM-1 is included here in the same

format as the original publication (refer to the list below). A new addition to the description of
each FEP is a short commentary on the applicability of the FEP to the WMA A-AX impacts

B-12
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analysis, and a short statement of what negative impact (if any) the FEP may have on the
performance of WMA A-AX; and how it affects safety functions.

B.4 MAPPINGSAFETY FUNCTIONS TO FEATURES, EVENTS AND PROCESSES

Application of the IAEA FEPs list to the WMA A-AX safety functions, discussed in Section B.3,
leads to a mapping of applicable FEPs to each safety function. This mapping is shown in

Table B-2. A number of the FEPs have been evaluated as not applicable to WMA A-AX, either
because of the geological or geographical location, because of the assessment context, or because
of the time frame of the analysis, which rules out FEPs requiring very long geological times for
their occurrence. These FEPs are denoted with N in the table (for not applicable). FEPs
applicable to a particular safety function are denoted with an X, whereas if the FEP is not
applicable to the safety function it is left blank.
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X denotes applicable to Waste Management Area A-AX, N denotes not applicable. See Feature, Event, and Process (FEP) list for discussion and justification.

FEP

Safety Function

11

12

@

S1

EB1

EB2

EB3

EB4

EB5

EB6

EB7

EB8S

EB9

EB10

EB11

EB12

EB13

EB14

EB15

AP1

WF1

VZ1

VZ2

VZ3

Sz1

Sz2

SZ3

Sz4

1.1.01

X

1.1.02

X

X

X

X

X

X

X

X

X

X

X

X

X

X

1.1.03

1.1.04

1.1.05

1.1.06

1.1.07

1.1.08

1.1.09

1110

1111

1112

1.2.01

1.2.02

Z| Z| X| X[ XX X XXX XXX

Z|Z| X

1.2.03

1.2.04

1.2.05

pzd

1.2.06

zZz2

2

1.2.07

1.2.08

1.2.09

Z| Z| X[Z2]|Z| X

12.10

1.3.01

1.3.02

1.3.03

1.3.04

1.3.05

Z|Z| X[ X X[X|Z|Z2

1.3.06

1.3.07

X

1.3.08

1.3.09

pzd

pd

pzd

ZI X[ X[ X[Zz]|=2

pzd

1.3.10

14.01

1.4.02

1.4.03

14.04

1.4.05

1.4.06

1.4.07

1.4.08

1.4.09

1.4.10

XX XXX X XXX | X

XX XXX XX XXX

XX XXX X XXX | X

XX XXX X X XXX
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X denotes applicable to Waste Management Area A-AX, N denotes not applicable. See Feature, Event, and Process (FEP) list for discussion and justification.

FEP

Safety Function

S1

EB1

EB2

EB3

EB4

EB5

EB6

EB7

EB8S

EB9

EB10

EB11

EB12

EB13

EB14

EB15

AP1

WF1

VZ1

VZ2

VZ3

Sz1

Sz2

SZ3

Sz4

1411

14.12

14.13

1.4.14

1.4.15

X[ X| X[ X[ X[~

X[ X X X[ X[ S

X| X[ X]| X[ X]| &

X[ X| X[ X[ X

2.1.01

2.1.02

2.1.03

2

pd

Z| X[ X

2.1.04

2.1.05

2.1.06

2.1.07

2.1.08

2.1.09

2.1.10

2111

pd

pd

2112

2.1.13

2.1.14

2.1.15

Z|1Z|Z|X| Z2

Z|1Z|Z|X| Z2

ZZ

ZZ

2.2.01

2.2.02

2.2.03

2.2.04

2.2.05

2.2.06

pzd

Z([X| Z[X

2.2.07

X[Z| X[ Z| X[ X X[ Z|Z|Z2

X[ Z[X] Z| X

2.2.08

2.2.09

2.2.10

pd

2

2

2211

pzd

Z|Z| X[ X

Z|Z| X[ X

2.2.12

X[Z1Z[X]| X[ X]Z[X]| Z|X|X|X|Z|Z|Z2

2.2.13

2.3.01

2.3.02

x| X

2.3.03

2.3.04

2.3.05

2.3.06

Z|1Z| X[ X

2.3.07

2.3.08

X[ X[Z|=2

2.3.09

2.3.10

X X|X| X[Z]|Z]|X]| X[ X|X

X
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X denotes applicable to Waste Management Area A-AX, N denotes not applicable. See Feature, Event, and Process (FEP) list for discussion and justification.

FEP

Safety Function

11

12

I3

EB1

EB2

EB3

EB4

EB5

EB6

EB7

EB8S

EB9

EB10

EB11

EB12

EB13

EB14

EB15

AP1

WF1

VZ1

VZ2

VZ3

Sz1

Sz2

SZ3

Sz4

2311

2.3.12

2.3.13

2.3.14

Z| x| x[x|«L

Z| X| X[ X

24.01

2.4.02

2.4.03

2.4.04

2.4.05

2.4.06

2.4.07

2.4.08

2.4.09

24.10

2411

Z| Z| X| X[ X[ X X]| X| X[ X[ X]| Z] X

3.1.01

3.1.02

pzd

Z| X|Z|Z

Z| X|Z|2

3.1.03

3.1.04

3.1.05

3.1.06

Z|Z| X

ZZ

pzd

zZZ

3.2.01

3.2.02

3.2.03

3.2.04

3.2.05

3.2.06

3.2.07

3.2.08

Z| X| X[ X[ X[ >

3.2.09

3.2.10

X|X|Z

3211

3.2.12

3.2.13

X X| X[ X[X[2Z] X| X| X[ X[ X]|X|X|Z| 2

3.3.01

3.3.02

3.3.03

3.3.04

3.3.05

3.3.06

3.3.07

3.3.08

XX X[ X[ X X] X]| X
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ASSESSMENT CONTEXT 0

Definition: Factorsthat the analyst will consider in determining the scope of the analysis. These may include factors related to regulatory requirements, definition of desired
calculation end-points, requirements in a particular phase of assessment, description of the domain of concern and a description of the target groups in the assessment.
Decisionsat this point will affect the phenomenological scope ofa particular phase of assessment, i.e. what “physical FEPs” will be included.

Comment: "AssessmentContext" isa categoryin the International FEP List and is subdivided into individual FEPs.

Assessment endpoints 0.01

Definition: The long-term human health and environmental effects or risks that may arise from the disposed wastes and repository. These FEPs include health or
environmental effects of concern in an assessment (what effect and to whom/what), and health or environmental effects ruled to be of no concern.

Comment: Fromthe disposedwaste to the healthimpactto humans, various indicators and associated criteriacanbe defined to serve as assessment endpoints. Which one
to choose will depend on the purpose ofthe assessment. The indicator most frequently considered is the radiationdose or risk to man, often represented by the annual dose
rate or risk to a member ofa ““critical group” of potentially most exposed individuals (see FEP 0.06).

Key concepts, examples, and related FEPs

Annualindividual dose Flux through engineered barriers Release or concentration of non-radiological toxic contaminants
Annualindividual risk Fluxfromgeosphereto biosphere

Lifetime individual risk Dose to biotaother thanman

Chemical concentration inthe environment Collective risk

Applicationto WMAA-AX: Addressedin DOE Order 435.1 and RCRA closure requirements for hazardous substances.
Potentially deleterious FEP: Notapplicable.

Timescales of concern 0.02

Definition: The time periods over which the disposed wastes and repository may presentsome significant human health orenvironmental hazard.

Comment: These may correspond to the timescale over which the safety of the disposed wastes and repository is estimated or discussed. In some countries national
regulations set a limit up to which quantitative assessmentis required, withmore qualitative arguments to demonstrate safety being sufficient at later times.

Key concepts, examples, and related FEPs

Until peak doses occur 500-10000 years 0-500vyears
> 60000 years 10000-60000years
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Applicationto WMAA-AX: Addressedin andtreated consistently with DOE Order 435.1.
Potentially deleterious FEP: Notapplicable.

Spatial domain of concern 0.03

Definition: The domain overwhich thedisposedwastes and repository may present some significant human health or environmental hazard.

Comment: Thismay correspondto the spatial domain over which the safety ofthe disposed wastes and repository is estimated, or the domain which is necessary to model
in order to develop an understanding ofthe movement of contaminants and exposures. This maybe limited by the purpose ofthe assessment, for example ifthe performance
of a componentofthe total systemhas to be assessed.

Key concepts, examples, and related FEPs

Descriptionofthe spatial domainofconcern

Applicationto WMAA-AX: Addressedin andtreated consistently with DOE Order 435.1.
Potentially deleterious FEP: Notapplicable.

Repository assumptions 0.04

Definition: The assumptions thatare made in the assessment about the construction, operation, closure and administration of the repository.

Comment: For example, most post-closure assessments make the assumption that a repository has been successfully closed, although, in practice such decisions may be
delayedor be the subject ofuncertainty.

Key concepts, examples, and related FEPs

Descriptionofthe construction, operation, closure and Repositoryhasbeensuccessfullyclosed Change in volume ofdisposed waste

operation ofthe repository Waste emplacement configuration has change Change in repositorydesign

Applicationto WMAA-AX: Addressedin theimpact analysis. SeeSections1-3 forasummary.

Potentially deleterious FEP: Uncertainties in repository assumptions are addressed in sensitivity analyses for various safety functions. PA Maintenance is required to
addresschanges in actual disposal relativeto assumptions in the PA and impacts analysis.

Future human action assumptions 0.05

Definition: The assumptions made in the assessmentconcerning general boundary conditions for assessing future human actions.
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Comment: Forexample, it can beexpected thathumantechnologyandsociety will develop over the timescales of relevance for repository safety assessment. However, this
developmentisunpredictable. Therefore, itisusual to makesome assumptionsin order to constraintherange offuturehuman activities thatare considered.

Key concepts, examples, and related FEPs

Only presentday technologies will be considered Only technologies practisedin the past will be considered Descriptionofhumansociety development

Descriptionofgeneralhumansociety The pastisan accurate reflection ofthe future

Applicationto WMAA-AX: Addressedin andtreated consistently with DOE Order 435.1 and RCRA closure requirements for hazardous substances.

Potentially deleterious FEP: Notapplicable.

Future human behaviour (targetgroup) assumptions 0.06

Definition: The assumptions made concerning potentially exposed individuals or population groups that are considered in the assessment.

Comment: Cancer risk or non-cancer hazardsare usuallyestimated for critical groups (individualsor groups) thought to be representative ofthe individualsor population
groupsthat may be at highest risk or receive the highest impacts as a result ofthe disposed wastes and repository. Thisisthe accepted approach for assessing cancer risk
ornon-cancer hazard tomembers ofthe publicresulting froma source ofchemical releaseto theenvironment. To assess therisksor hazards at times in the far future, when
the characteristics of potentially exposed populations are unknown, a hypothetical critical group, or groups, is/areusually defined

Key concepts, examples, and related FEPs

Descriptionofan actual criticalgroup Descriptionofa hypothetical critical group

Applicationto WMAA-AX: Addressed in andtreated consistently with DOE Order 435.1 and RCRA closure requirements for hazardous substances.

Potentially deleterious FEP: Not applicable. DOE Order 435.1 requires evaluation at the location and time of peak concentration during the compliance period, so
deleterious assumptions are partofthe application ofthe FEP.

Dose response assumptions 0.07

Definition: Those assumptions made in an assessmentin orderto convert exposure to a measureof risk to an individual or population.

Comment: Usually thiswill refer to individual human dose response, e.g., by a dose-risk conversionfactor wherethefactor isthe probability ofa specified health effect per
unit of radiation exposure. If other organisms are considered then a risk to individual organisms or a species might be considered. The variation of a given response or
human health effect (e.g., cancer incidence, cancer mortality) with the amountofradiation dose an individual or a groupofindividuals receivedis referred to asthe dose-
response relation. Itis notpossible to determine the shape ofthe dose response curve at low doses with any precision, because the incidence of health effectsisvery low.
A linear dose-responserelationwith nodosethreshold is generally assumed cautious (see ICRP 60).
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Key concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Addressedin andtreated consistently with DOE Order 435.1 and RCRA closure requirements for hazardous substances.
Potentially deleterious FEP: Notapplicable.

Assessment purpose 0.08

Definition: The purpose forwhich the assessment is being undertaken.

Comment: The aimofthe assessment islikely to depend on the stage in the repository development project at which the assessment is carried out and may also affect the
scope ofassessment.

Key concepts, examples, and related FEPs

Site selection Demonstrate the feasibility ofa disposal concept Public confidence
Demonstrate regulatory compliance Rehabilitation of contaminated site Systemoptimization
Concept design

Applicationto WMAA-AX: Addressedin theperformanceassessment. See Section 2, HFFACO Appendix I.

Potentially deleterious FEP: Notapplicable.

Regulatory requirements and exclusions 0.09

Definition: The specific terms or conditions in the national regulations or guidance relatedto all stages of the repository thatwill influence the post-closure safety assessment.

Comment: Regulatoryrequirements and exclusions may beexpressed in termsofrelease, dose orrisk limitsor targets to individuals orpopulations effective over a specified
timescale; they may also make demands about procedures following closure ofthe repository. In some regulations, the long-termscenarios to be assessed are specified, or
some scenarios or events are specificallyruled out of consideration.

Key concepts, examples, and related FEPs

Independence of safety from control Environmental protection standards Multi-factor safety case
Optimization Quality assurance Radiological protectionstandards
Effectsin the future Quality control
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Applicationto WMAA-AX: Addressedin andtreated consistently with DOE Order 435.1 and RCRA closure requirements for hazardous substances.

Potentially deleterious FEP: Notapplicable.

Model and data issues 0.10

Definition: Modeland dataissues in the context of a safety assessment, refers togeneral (i.e., methodological) issues affecting the assessmentmodelling processand use of
data during the process.

Comment: Apost-closure safetyassessment isan attempt to quantify the exposure or risk posed by a radioactive waste disposal siteto future generations of humanity and
theirenvironment. Intrinsically, to dothis onecan saythat the observations needed for the safety assessmentofa site should be carried outfor the life spanofthe proposed
disposal facility. However, thisis neither physicallypossiblenor desirable. The onlyviable approachto performa complete radiological safety assessmentis to try to obtain
asmuch observational data as possible, on a limited time scale, and then simulate the future behaviour ofthe disposal system throughwhatis known as a model.

Key concepts, examples, and related FEPs

Treatment ofuncertainty Modelling studies Data availability
Method ofhandling sitedata Model and data reduction/simplification Applicationofconservatism

Assessment philosophy

Applicafion to WMAA-AX: Addressedin the performanceassessment. See Sections 1— 3 for a summary.

Potentially deleterious FEP: Notapplicable.

EXTERNAL FACTORS 1

Definition: FEPs with causes ororigin outside the disposal systemdomain, i.e., natural or human factors of a more globalnature and theirimmediate effects. Included in
this category are decisions relatedto repository design, operation and closure since these are outside the temporal boundary of the disposal systemdomain for post-closure
assessment.

Comment: "External Factors"isa category in the International FEP List and is divided into sub-categories.

REPOSITORY ISSUES 11

Definition: Decisionson designs and wasteallocation (repository type), and alsoevents related to site investigation, operations and closure (site context).

Comment: "Repository Issues" isa sub-category of External Factors in the International FEP List andisdivided intoindividual FEPs.
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Site inwestigation 1.1.01

Definition: FEPs related to the investigations that are carried out at a potential repository site in order to characterize the site both prior to repository excavation and during
constructionand operation.

Comment: Siteinvestigationactivities provide detailed site-specific performance assessment data and information necessary for the safety caseto demonstrate the suitability
of the site and toestablish baseline conditions.

Key concepts, examples, and related FEPs

Geographyanddemography Aquifer tests Ecologicalfeatures

Meteorology and climatology (regional and local) Investigative boreholes Pre-operational monitoring programme
Geologyandseismology Biosphere characteristics Hydrogeology characteristics
Hydrology characteristics Natural resources Geohydrological characteristics
Geotechnical characteristics Geochemical characteristics Geomorphologycharacteristics

Applicationto WMAA-AX: Relevant to the performance assessment. See Section 2 for a discussion ofsite investigations.

Potentially deleterious FEP: Drywellsandboreholes may have the potential to provide relative fast paths through the vadose zone under some wetting conditions.

Design, repository 1.1.02

Definition: FEPs related to the design of the repository including both the safety concept, i.e., the general features of design and how they areexpected to lead to a satisfactory
performance, and the more detailed engineering specification for excavation, construction and operation.

Comment: The repository design and construction is established in a general way in the disposal concept for the repository which is based on expected host lithology
characteristics, waste and backfill characteristics, construction technology, and economics. Repository design includes the principle design features that are designed to
providelong-termisolation of disposed waste, minimize the needfor continued active maintenance after site closure, andimprovethe site’s natural characteristics in order
to protect public health and the environment. There may, nevertheless, be a range of engineering design and construction options still open. As the repository project
proceeds, and more detailed site-specific information becomes available, the range of options may be constrained and decisions will be made. At anystage, repository safety
assessments mayonly analysea subsetofthe total range of options (see FEP 1.103).

Key concepts, examples, and related FEPs

The generalrepository design features (e.g., hostlithology, waste form, The principle design criteria or considerations for normalandabnormal condition

backfill, waste packages, construction technology, etc.) Operational monitoring programme
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Applicationto WMAA-AX: Relevant to the performance assessment. SeeSection?2.

Potentially deleterious FEP: Notapplicable.

Construction, repository 1.1.03

Definition: FEPs related to the construction (e.g., excavation) of shafts, tunnels, disposal galleries, silos, trenches, vaults, etc. of arepository, as well as the stabilisation of
these openings and installation/assembly of structural elements according to the design criteria.

Comment: Repository construction refers to the implementation ofthe design considerations and specifically to the construction offeatures ofthe repository necessaryto

providelong-termisolation of disposed waste, minimize theneed for continued active maintenance after site closure, and improvethe site’s natural characteristics in order
to protectpublic healthandtheenvironment. Inaddition, it includes the construction methods (see FEP 1.1.02).

Key concepts, examples, and related FEPs

Drillingofborehole Constructionofwalls, floors, mounds, layers of mounds Control anddiversion ofwater
Excavationoftrenches, holes, vaults Site plans, engineering drawing, and construction specifications Site preparations

Constructionequipment

Application toWMA A-AX: Relevantto the performance assessment. For WMA A-AXthisrelatesbothto pastfacility construction (Section2), andto emplacement of grout
and cover.

Potentially deleterious FEP: Potential degradation ofsafety functions associated withthe engineered components ofthe systemmay result fromfailure ofquality control.
A range ofcover performance isassumed in various sensitivity cases.

Emplacement of wastes and backfilling 1.1.04

Definition: FEPs related to the placing of wastes (usually in containers) at their final position within the repository and placing of buffer and/or backfill materials in the
disposal zone.

Comment: Some waste types and inventories may requirespecial waste emplacementarrangements to simplify the disposal practice, to ensure safety or to ensure structure
stabilityin therepository area. The backfillmaterial is usedto refillexcavated portions ofthe repository or any void spaces left unfilled after waste has been emplaced (see
also FEP 1.1.07).

Key concepts, examples, and related FEPs

Emplacementmethod Fillingofvoid spaces betweenthe containersandin the restofthe repository Covering ofwaste in-between containers

Waste emplacement configuration
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Applicationto WMAA-AX: Relevant to the performance assessment with respect tothe infill grout emplacement and cover emplacement.

Potentially deleterious FEP: Safety functions associated withthegrout and cover may be degraded by incorrect emplacement ofthe materials. Emplacementofgroutmust
take due account ofheatofhydrationand shrinkage. Arangeofgrout performance andcover performanceisassumed in various sensitivity cases.

Closure, repository 1.1.05

Definition: FEPs related to the cessation of waste disposal operations at a site, the backfilling and sealing of boreholes type facilities, and the capping and covering of
trenches, vaults, etc.

Comment: The termclosurerefersto the status of, or an actiondirected at, a disposal facilityat the end of its operational life. A disposalfacility is placed under permanent
closure usually aftercompletion of waste emplacement, by covering a near-surfacedisposal facility, by backfilling and/or sealing ofa boreholetype facility, and termination
and completion ofactivities in anyassociated structure. The intention of repository capping andsealing is to prevent infiltrating water as well as humanaccess to the wastes.
Individual sectionsofa repository may be closed in sequence, but closure usually refersto final closure ofthe whole repository, and will probably include removal of surface
installations. The schedule and procedurefor capping, sealing and closure may needto be consideredin the assessment.

Key concepts, examples, and related FEPs

Trench/vault capping Backfillingofboreholes Decontaminationand decommissioning plan
Site stabilisation Removal of surface structures Post-operational monitoring programme
Cover construction Closure procedures Closure compartments

Application to WMAA-AX: Relevant to the performance assessment with respect tothe infill grout emplacement and cover emplacement.

Potentially deleterious FEP: Safety functions associated withthe groutand cover may be degraded by incorrect closure. Emplacement of grout must take due account of
heat ofhydrationandshrinkage. Arange ofgrout performance and cover performance isassumed in various sensitivity cases.

Records and markers, repository 1.1.06

Definition: FEPs related to the retention ofrecords ofthe content and nature of a repository after closureand also the placing of permanent markers at or near the site.

Comment: Itis expected thatrecordswill be kept to allow future generations to recall the existence and nature ofthe repository following closure. In some countries, the
use of site markers has been proposed where the intention is that the location and nature of the repository might be recalled even in the event of a lapse of present-day
administrative controls.

Key concepts, examples, and related FEPs

Recordsofthe contentandnature ofthe repository Disposal unitand boundary markers Site markers

Archive ofthe records
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Applicationto WMAA-AX: Alignedwith institutional controlassumptions in DOE Order 435.1.

Potentially deleterious FEP: Safety functionsassociated withinstitutional control are treated conservatively by requirements in DOE Order435.1. Reduction of these safety
functionsisnot credible.

Waste allocation 1.1.07

Definition: FEPs related to the choices on allocation of wastes to the repository, including waste type(s) and amount(s).

Comment: The waste type andwaste allocation is establishedin a general way in therepository disposal concept. There may, however, be a number ofoptionsconceming

these factors. Final decisions may not be made until the repository is operating and will be subjectto regulation. In safety assessments, assumptions may needto be made
about future wastearisings and future waste allocation strategies (see also FEP 1.1.04).

Key concepts, examples, and related FEPs

Waste allocationdescription Future waste allocation strategies Waste acceptance criteria for the repository
Future waste arisings Projected inventories

Applicafion to WMAA-AX: Notapplicable for tank closure. The FEP relaies tofuturewaste arisings.

Potentially deleterious FEP: Notapplicable.

Quality control 1.1.08

Definition: FEPs related to quality assuranceand control procedures andtests during the design, construction and operation of the repository, as wellas the manufacture of
the waste forms, containers and engineered features.

Comment: Itcan be expected thata range ofquality controlmeasures will be applied during construction and operation ofthe repository, as well as to the manufacture of
the waste forms, containersetc. Inan assessment thesemay be invokedto avoid analysis of situations which, it is expected, can be prevented by quality control. There may
be specific regulations governing quality control procedures, objectives and criteria.

Key concepts, examples, and related FEPs

Defectsin construction ofdisposal system Improper or faultywaste emplacement and backfilling Defectsduringtheconditioning ofthe waste
Defects in the construction of container Defectsin cap constructions

Applicationto WMAA-AX: Relevant grout emplacement, and cover emplacement.

Potentially deleterious FEP: Safety functions associated with groutand cover may be degradedifthere isa failure ofquality control. Arange ofgrout performanceand
cover performance isassumed invarious sensitivity cases.
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Schedule and planning 1.1.09

Definition: FEPs related to the sequence of eventsandactivities occurring during repository excavation, construction, wasteemplacement and sealing.

Comment: Relevant events may include phased construction of unitsand emplacement of wastes, backfilling, sealing, capping and closure ofsections ofthe repository after
wastes are emplaced, andmonitoring activities to provide data on the transient behaviour ofthe systemor to provide input to thefinal assessment. The sequence ofevents
and time between events mayhave implications for long term performance, e.g., decline of activity and heat production fromthe wastes, material degradation, chemical and
hydraulic changes during a prolonged “open” phase.

Key concepts, examples, and related FEPs

Phased construction ofunits Phased emplacement of wastes, backfilling, sealing, capping and

Planning of monitoring activities to provide dataon thetransient behaviour ofthe system closure ofsections ofthe repository

Applicationto WMAA-AX: Project timing assumed in the performance assessment is consistent withassumptions in the TC& WMEIS.

Potentially deleterious FEP: Alterations in project timing have the potential to affect safety functions associated with the grout and cover. Not foreseen as a significant
issue whiletanks are relatively intact.

Administrative control, repositorysite 1.1.10

Definition: FEPs related to measuresto controleventsat oraroundtherepository site, both duringthe operational period and after closure.

Comment: The responsibilityfor administrative control ofthesite before closure ofthe repository during the construction and operational phases, and subsequently following
closure ofthe repository may not be the same. Furthermore, thetype ofadministrative control may vary dependingon thestage in the repository lifetime.

Key concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Addressed in multiple DOE Ordersandpolicies. See Section2.

Potentially deleterious FEP: Safety functions associated with institutional control are treated conservatively by aligning them with requirements in DOE Order 435.1.
Reduction ofthesesafety functionsis notcredible.

Monitoring of repository 1.1.11

Definition: FEPs related to any monitoring that is carried out during operations or following closure of sections of, or the total, repository. This includes monitoring for
operational safety andalso monitoring of parameters related to the long-termsafety and performance.

Comment: The extentand requirementfor such monitoring activities may be determined by repository designandhostlithology, regulations and publicpressure.
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Key concepts, examples, and related FEPs

Pre-operational monitoring programme Post-operational monitoring programme Operationalmonitoring programme

Applicationto WMAA-AX: Will be addressed in the performance maintenance plan.

Potentially deleterious FEP: Notapplicable.

Accidents and unplanned ewvents 1.1.12

Definition: FEPs related to accidents and unplanned events during construction, waste emplacement and closure, which might have an impact on long-termperformance or
safety.

Comment: Accidentsare eventsthat are outside the range ofnormal operations although the possibility that certain types ofaccident may occur should be anticipated in
repository operational planning. Unplanned events include accidents butcouldalsoinclude deliberate deviations from operational plans.

Key concepts, examples, and related FEPs

Deviations from operations inresponse to an accident Unexpected waste arising during operations Increase in waste delivery
Reduction in wastedelivery Unexpected geological event Earlierthan anticipated container failure
Earlier than anticipated capfailure Deliberate deviations fromoperational plans

Applicationto WMAA-AX: Relevant to the performance assessment.

Potentially deleterious FEP: Early degradation of cap safety function fromunanticipated events; unexpected geological eventmay lead to early degradation of hydraulic
safety functionsin theengineered system. Early failureofbarriersisaddressed in sensitivity cases.

Retrievability 1.1.13

Definition: FEPs related to any special design, emplacement, operational oradministrative measures that might be applied or considered in orderto enable or ease retrieval
of wastes.

Comment: Designs may specifically allow for retrieval or rule it out. In some cases, an interimperiod might be planned, betweenwaste emplacement andfinal repository
closure, during whichtime retrievalis possible.

Key concepts, examples, and related FEPs

None
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Application to WMA A-AX: Not relevant to the tank closure performance assessment. Waste has been retrieved to the extent practicable as documented in Retrieval
Completion Certifications.

Potentially deleterious FEP: Notapplicable.

GEOLOGICAL PROCESSES AND EFFECTS 1.2

Definition: Processes arising fromthe wider geological setting and long-termprocesses

Comment. "Geological Processes and Effects” isa sub-category of External Factors in the Intemational FEP Listandisdivided intoindividual FEPs.

Orogenyand related tectonic processes at plate boundaries 1.2.01

Definition: Rock deformation andtranslation (commonly referred to as tectonics) of this nature arises whenrock masses belonging to different plates either collide against
each otherorslide past each other. Literally speaking, orogeny is the processof formation of mountains, often occurring over periods of a few million years, but up to several
tens of millions of years.

Comment: By present geological usage, orogeny is the process by which structures within mountain areas were formed through processes that include thrusting, folding
and faultingin the lithosphere. The latter isthe name givento the rigid, outermost layer ofthe earth, made up predominantly ofsolid rock which are affected by processes
such as metamorphism, plutonism, and, at great depth (=10 km), by plasticfolding.

The termfolding is generallyusedto implythe shortening of strata thatresults fromthe formation offold structures on a broadscale, and sometimes has the connotation of
general deformation ofwhichthe actualfoldingisonly a part. Afaultisa fracture inthe Earth’scrust accompanied by displacement of one side ofthe fracturerelative to
the other, froma few cm to several kilometres. Orogenic belts are typically characterized by compressive reversefaults asthis leads to crustal shortening and duplication
ofgeologicalformations. Transform faultstypicallyoccur where crustal plates slide past each other withoutcolliding (e.g., the St. Andreafaultin California) andthe relative
displacement can be in the order ofthousands ofkilometers. Fracturesand joints may be caused by compressional or tensional forces in the earth crust but do not present
displacement betweenthe rocks oneachside. These forces may resultin thereactivationofexisting faults or, less likely, in thegeneration of new ones.

It is important to acknowledge that orogenic processes experience periods of quiescence alternating with periods of paroxysm and that such periods are not necessarily
synchronous alongthewholelength ofan orogenic belt.

Implicationsto near-surface disposal systems: Thistype of movement should be considered with great care since orogenic processes canlead, in areas ofactive collision

(e.g., Chile, Turkey, Iran, Morocco) to the propagation offault and thrust planes upto thesurface. In such events (see seismicity) extreme ground fracturing, faulting could
lead to breakage of containment barriers.
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Key Concepts, examples, and related FEPs

Collisionofthe Earth’s crustal plates Faultingandfolding of lithosphere: Thinskinnedtectonicsvs.

Transcurrent, strike-slip faults Thick skinnedtectonics
) _ . Metamorphism, anatexis (partial melting/ migmatization), and
Thrusts: low-angle reverse faults; plasticfoldingin theinner and deeper layer

Subductionzones

Graniticto granodioritic batholiths; calc-alkaline
igneous activity

Orogeny,
Neotectonics

Applicationto WMAA-AX: Notrelevanton thetime scale ofthe performance assessment.

Potentially deleterious FEP: Notapplicable.

Anorogenic and within-plate tectonic processes (Deformation, elastic, plastic or brittle)

1.2.02

Definition: FEPs related to the physical deformation of geological structures in the interior of continental or oceanic plates in response to stress fields generated either at
plate margins orin regions ofanomalous stress. Thisincludes mainly faulting and fracturing ofrocks and, less frequently, also their compression and folding rocks.

Comment. Thetermfoldingisgenerallyusedfor thecompressionofstrataintheformationoffold structures ona broad scale, and sometimes has the connotation of general
deformationofwhich the actual foldingisonly a part. Afaultisafracture inthe Earth’s crustaccompaniedby displacement of oneside ofthe fracture relativeto the other,
from a few centimetres to a few kilometres on scale. Fractures may be caused by compressional or tensional forces in the Earth’s crust. Such forces may result in the

activationofexisting faults and, less likely, thegeneration of new faults.

Implications to near-surface disposal systems: Withinthe timescales ofconcern, deformationis unlikely tohave an effect on near-surface disposal systems.

Key Concepts, examples, and related FEPs

Faulting: normal, extensional faults Fracturing

Extrusion Compressionofrocks
Neotectonics Rifting, rift valleys
Alkaline volcanism, volcanoes Horst and grabens
Dyke swarms Jointing, master joints
Fractures Hot springs

Basin andrange
Continental; break-up
Uplift axes
Stressfield

Cross-fabrics

Applicationto WMAA-AX: Notrelevanton thetime scale ofthe performance assessment.

Potentially deleterious FEP: Notapplicable.
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Seismicity 1.2.03

Definition: FEPs related to seismic events and the potential for seismic events. Rapid relative movements withinthe Earth’s crust, usually along existing faults or geological
interfaces cause a seismic event. The accompanying release of energy may result in ground movementand/or rupture, e.g., earthquakes.

Comment: Seismic events may result in changes in the physical properties of rocks due to stress changes and induced hydrological changes. Seismic events are most
common in tectonically active orvolcanicallyactive regions at crustal plate margins, less commonly they also occur inthe interior of continental/oceanicplates. The seismic
wavesthat are generated by a tectonic or volcanic disturbance ofthe oceanfloor may result in a seismic (giant) sea wave, known as a tsunami. These may be amplified by
submarine soft sediment slumps along steep continental margins. In extreme cases, soil liquefaction has been reported in areas where soils and sedimentary strata of
appropriate moisture content and composition are subjected to strong seismic shaking.

Key Concepts, examples, and related FEPs

Change in thephysical properties of rocks due to stress changes Faulting Seismic swarms
Hydrological changes Tsunami Soil liquefaction
Earthquakes Aftershocks

Applicafion to WMAA-AX: Relevant to the performance assessment in considering the fongevity ofsafety functions for the engineeredbarriers.

Potentially deleterious FEP: The primary potential effects on the disposal system are degradation of hydraulic safety functions of the tank, grout, and base mat. Other
safety functionswouldbe unaffected. Degradationofhydraulicsafetyfunctionsisconsidered in the sensitivity cases.

Volcanic and magmatic activity 1.2.04

Definition: FEPs related to volcanic and magmatic activities. Magma is molten, mobile rock material, generated belowthe Earth’s crust, which gives rise to igneous rocks
when solidified. Magmatic activity occurs when there is intrusion of magma into the crust. A volcanois a ventor fissure in the Earth’s surface through which molten or
part-molten materials (lava) may flow, and ash and hot gases be expelled.

Comment: The hightemperatures and pressures associated withvolcanic and magmatic activity may result in permanent changes in the surrounding rocks; this process is
referred to as metamorphism but is not confined to volcanic and magmatic activity (see FEP 1.2.05). Intrusive magmatic activity refers to the process of emplacement of
magma in pre-existing rock. Extrusive magmatic activity refersto the processwhereby magmaare ejected onto the surface ofthe Earth.

Key Concepts, examples, and related FEPs

Temperature and pressure rise Intrusive magmatic activity Pyroclastic explosion/flow/ cloud
Change in surrounding rocks Extrusive magmatic activity Fumaroles
Slope tilting Lava flows Hydrothermal alteration

CO;emissions
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Applicationto WMAA-AX: Relevantto WMA A-AX as potential ash fall fromfuturevolcanic events in theregion.

Potentially deleterious FEP: The effect of prior eruptions is included in the paleo record of infiltration. The effects of past ash fall events is therefore included in the
uncertainty rangein infiltration.

Metamor phism 1.2.05

Definition: FEPs induced by the mineralogical and structuraladjustmentofsolid rock to physical and chemical conditions, which have beenimposed by the action of heat
(T>200 C) and pressure at great depths (usually several kilometres) beneath the Earth’s surface or near magmatic activity.

Comment: Metamorphic processes are unlikely to be important at typical repository depths, but past metamorphic history of a host lithology may be very important to
understanding its present-day characteristics.

Implications to near-surface disposal systems: Withinthe timescales of concern, metamorphismis unlikely to havean effect on near-surface disposal systems.

Key Concepts, examples, and related FEPs

Metamorphichistoryofa host lithology

Applicafion to WMAA-AX: Notrelevanton thetime scale ofthe performance assessment.

Potentially deleterious FEP: Notapplicable.

Hydrothermal activity 1.2.06

Definition: FEPs associated with high temperature groundwater, including processes such as density-driven groundwater flow and hydrothermal alteration of minerak in
the rocks through which the high temperature groundwater flows.

Comment: Groundwater temperature is determined by the large-scale geological and petrophysical properties of the rock formations (e.g., radiogenic heat formation,
thermal conductivity), as well as the hydrogeological characteristics (e.g., hydraulic conductivity) of the rock and by the tectonic environment (neotectonic deformation,
extension).

Implications tonear-surface disposal systems: Withinthetimescales ofconcern, hydrothermal activityis unlikely to have aneffect on typical near-surfacedisposal systens.

Key Concepts, examples, and related FEPs

Hydrothermal synthesis Hydrothermal alterations of minerals in the rocks Scalding springs

Density drivengroundwater flow Hydrothermal metamorphism

Applicationto WMAA-AX: Notrelevantto the WMA A-AX geological setting.
Potentially deleterious FEP: Notapplicable.
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Erosion and sedimentation 1.2.07

Definition: FEPs related the large-scale (geological) removal and accumulation of rocks and sediments, with associated changes in topography and
geological/hydrogeological conditions of the repository host lithology.

Comment: Erosion is the process or group of processes whereby the earthy and rocky materials of the Earth’s crust are loosened, dissolved, or worn away, and
simultaneously removed from one place to another, by natural agencies that include weathering, solution, corrosion, and transportation. Compare FEP 2.3.12, which is
concernedwith morelocal processes over shorter periods oftime. Sedimentationis the actor process of forming or accumulating sedimentin layers, including such processes
as the separation of rock particles from the material from which the sediment is derived, the transportation of these particles to the site of deposition or settling of the
particles, thechemical and other (diagenetic) changes occurring in thesediment, and the ultimate consolidation ofthe sedimentintosolid rock.

Implications to near-surface disposal systems: Within the timescales of concern, large scale erosion and sedimentation are unlikely to have an effect on near-surface
disposal systems.

Key Concepts, examples, and related FEPs

Change in topography, uplift Depositionofsediment Streamerosion

Coastal erosion Changesin geological conditions Changes in hydrogeological conditions

Applicationto WMAA-AX: Relevant to the performance assessment in considering the longevity of safety functions for the engineered cover.

Potentially deleterious FEP: The primary potential effect onthe disposal systemis degradation ofthe infiltration safety functions of the cover. Othersafety functions would
be unaffected. Potential increases ininfiltration through the cover are addressed in sensitivity cases.

Diagenesis and pedogenesis 1.2.08

Definition: The processes by which deposited sediment at or near the Earth’s surface are formed into rocks by compaction, cementation and crystallisation, i.e., under
conditions of temperature and pressure normalto the upper few kilometres of the earth’s crust.

Comment: Diagenesis includes all the chemical, physical, and biological changes, modifications, or transformations undergone by a sediment after its initial deposition,
and during and after its lithification, exclusive or surficial alteration (weathering) and metamorphism. It embracesthose non-destructive or reconstructive processes
(e.g., consolidation, compaction, cementation, reworking, authigenesis, replacement, solution, precipitation, crystallisation, oxidation, reduction, leaching, hydration,
polymerisation, adsorption, bacterial action, and formation of concretions) that occur underconditions of pressureand temperaturethat arenormal to thesurficial or outer
partofthe Earth’scrust.

Pedogenesis represents the modeoforigin of soils, with reference tothe factors responsiblefor the formation of “solum,” or true soil, fromunconsolidated parent material.
Pedogenesis may have an effect on the behaviour of near-surface disposal systems as it involves gechydrologic, atmospheric and biological processes (burrowing animals,
plant roots activity/invasion) operationat or near surfaceon time scales offew hundredto thousands of years.

Implications to near-surface disposal systems: Withinthe timescales of concern, diagenesis is unlikelyto have aneffect on near-surface disposal systems.
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Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Notrelevantto the WMA A-AX geological setting.
Potentially deleterious FEP: Notapplicable.

Saltdiapirismand dissolution 1.2.09

Definition: The long-termevolutionofsalt formations. Diapirismis the lateral or verticalintrusion or upwelling of either buoyant or non-buoyantrockinto overlying strata
(the overburden) froma source layer. Dissolution of the salt may occurwhere the evolving salt formation is in contact with groundwater with salt contentbelow saturation.

Comment: Diapirismis most commonly associated with saltformations where a saltdiapir comprises a mass of salt thathas flowed in a ductile manner froma source layer
and piercesorintrudes intotheover-lyingrocks. The termcanalsobe appliedto magmaticor migmatic intrusion.

Implications to near-surface disposal systems: Within the timescales of concern, salt diapirism and dissolution are unlikely to have an effect on near-surface disposal
system.

Key Concepts, examples, and related FEPs

Diapirism Brine pockets

Applicationto WMAA-AX: Notrelevantto the WMA A-AX geological setting.
Potentially deleterious FEP: Notapplicable.

Hydrological/hydrogeological responsetogeological changes 1.2.10

Definition: FEPs related to changes in the hydrological or hydrogeological regime arising fromthe large-scale geological changes listed in FEPs 1.2.01 to 1.2.09.

Comment: These could include changes of hydrological boundary conditions due to effects of erosion on topography, changes of hydraulic properties of saturated and
unsaturated zones due to changes in rock stress or fault movements, or a change in the geochemical behaviour of the saturated and unsaturated zones. In and below
low-permeability geological formations, hydrogeological conditions may evolve very slowly and often reflect past geological conditions, i.e., be in a state ofdisequilibrium.

Key Concepts, examples, and related FEPs

Geochemical change Changesin hydraulic properties Changes of hydrological boundary conditions

Application to WMA A-AX: Regional scale geological changes may influence the Columbia River, which hasa controlling influence on aquifer flow under the Central
Plateau.

Potentially deleterious FEP: Potential effects onthe saturated zoneflow safety functions. Uncertainty in saturated zoneflow is consideredin uncertaintyanalyses.
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CLIMATIC PROCESSES AND EFFECTS 1.3

Definition: Processes related to global climate changeand consequent regional effects.

Comment: "Climatic Processes and Effects™ is a sub-category of External Factors in the International FEP List and is divided into individual FEPs.

Climate change, global 1.3.01

Definition: FEPs related to the possible future, andevidence for past, long-termchange of global climate. This is distinct fromresulting changes thatmay occur at specific
locations according to their regional settingandalso climate fluctuations, c.f. FEP 1.3.02.

Comment: The last two million years of the Quaternary have been characterized by glacial/interglacial cycling. According to the Milankovitch Theory, the Quatemary
glacialfinterglacial cycles are caused by longterm changes in seasonal and latitudinal distribution ofincomingsolar radiation which are due to the periodic variationsof
the Earth’s orbit about the Sun (Milankovitch cycles). The direct effects are magnified by factors such as changes in ice, vegetation and cloud cover, and atmospheric
composition.

Key Concepts, examples, and related FEPs

Descriptionofglobal climate changes Changesin ice, vegetation and cloud cover Isostaticmovement (c.f. FEP 1.3.03)
Changes in atmospheric composition Greenhouse effect Glaciation (largescale)
Eustatic change (c.f. FEP 1.3.03)

Application toWMA A-AX: Climate change mayaffect infiltration and saturatedzone flowsafety functions. However, global cTimate changes are expressedTocally inthese
processes. SeeFEP 1.3.02. See Section 3 for a discussionofthe basis for long-term precipitation estimation.

Potentially deleterious FEP: Not relevant.

Climate change, regional and local 1.3.02

Definition: FEPs related to the possible future changes, and evidence for pastchanges, of climate at the repository site. This is likely to occur in response to global climate
change, but the changes will be specific to situation, and may include shorter-termfluctuations, c.f. FEP 1.3.01.

Comment: Climate is characterized by a range of factors including temperature, humidity, precipitation and pressure as well as other components of the climate system
such as oceans, ice and snow, biota and the land surface. The Earth’s climate varies by location and for convenience broad climate types have been distinguished in
assessments, e.g., tropical, savannah, mediterranean, temperate, boreal and tundra. Climatic changes lasting only a few decades are referred to as climatic fluctuations.
These are unpredictable atthe current state of knowledge although historical evidence indicates the degree of past fluctuations.
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Key Concepts, examples, and related FEPs

Climate fluctuations Descriptionofregional andlocal climatechange Increase/decrease in temperature

Increase/decrease in precipitation

ApplicationtoWMA A-AX: Climatechangemay affect infiltration and saturated zoneflow. However, global climatechanges are expressed locally inthese processes. See
FEP 1.3.01. See Section 3 for a discussion ofthe basis for long term precipitation estimation.

Potentially deleterious FEP: Changesin infiltration associated with climate change areuncertain. Regional scale modellingshows either increases or decreases in future
infiltration, with the magnitude of the changes within the pattern of the paleo record. The response of the aquifer system to climate change is uncertain. Climate change
may potentially affectsafety functions for the cover and for the saturatedzone. Ranges of infiltration andaquifer flow are considered in sensitivity cases.

Sealewel change 1.3.03

Definition: FEPs related to changesin sea level, which may occuras aresult of global (eustatic) change and regional geological change, e.g., isostatic movements.

Comment: The componentofsea-levelchange involving the interchange ofwater betweenland ice and the sea is referred to as eustatic change. Asice sheets melt so the

ocean volume increases and sea levelsrise. Sea level ata given location will also be affected by vertical movement ofthe land mass, e.g., depression and rebound dueto
glacial loadingandunloading, referredto as isostatic change (c.f. FEP 1.3.01).

Key Concepts, examples, and related FEPs

Flooding Salineintrusion into repository or geosphere Change inthehydrogeological regime

Applicationto WMAA-AX: Sealevel change may affect ColumbiaRiver stage, with subsequent influence on aquifer flow.
Potentially deleterious FEP: Potential effect on saturated zone safetyfunctions by alteration ofthe gradient.

Periglacial effects 1.3.04

Definition: FEPs related to the physical processes andassociated landforms in cold but ice-sheet-free environments. This may be at the immediate margins of former and
existing glaciers and ice sheets oran environment in which frost actionis dominant.

Comment: Animportant characteristic of periglacial environments is the seasonal change fromwinter freezing to summer thaw with large water movements and potential
forerosion. The frozen subsoils arereferredto as permafrost. Meltwater oftheseasonal thawis unableto percolate downwardsdueto pemmafrost and saturates the surface
materials; this can result in a mass movement called solifluction (literally soil-flow). Permafrost layers may isolate the deep hydrological regime from surface hydrology,
or flow may be focused at “taliks™ (localizedunfrozenzones, e.g., under lakes, largerivers or at regions of groundwater discharge).
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Key Concepts, examples, and related FEPs

Large water movement Strongseasonalinfluences Permafrost

Erosion Soil flow (movement) — solifluction Saturationofsurface materials

Applicafion to WMA A-AX: Not relevant on the time scale of the performance assessment. However, pollen data records provide information that extends through past
glacial cycles. See Section 3.

Potentially deleterious FEP: Notapplicable.

Glacial and ice sheeteffects, local 1.3.05

Definition: FEPs related to the effects of glaciers and ice sheets within the region of a repository, e.g., changes in the geomorphology, erosion, meltwater and hydraulic
effects. This is distinctfromthe effect of large ice masses onglobal and regional climate, c.f. FEPs 1.3.01, 1.3.02.

Comment: Erosional processes (abrasion, over-deepening) associated with glacial action, especially advancing glaciers and ice sheets, and with glacial meltwatersbeneath
the ice mass and at themargins, can lead tomorphological changes in the environment, e.g., U-shaped valleys, hanging valleys, fjords and drumlins. Depositional features
associated with glaciersand ice sheets include moraines and eskers. The pressure of the ice mass on the landscape may result in significant and even depression of the
regional crustal plate.

Key Concepts, examples, and related FEPs

Erosional processes (abrasion, over-deepening) Morphological changes (Hanging Depressionofthe regional crustal plate

Hydrogeological change valleys, Fjords, Drumlins)

Transportation and depositional processes and features (Moraines Eskers)

Applicafion to WMAA-AX: Notrelevanton thetime scale ofthe performance assessment.

Potentially deleterious FEP: Notapplicable.

Warm climate effects (tropical and desert) 1.3.06

Definition: FEPs related to warmtropicaland desertclimates, including seasonal effects, and meteorological and geomorphological effects special to these climates.

Comment: Regionswitha tropical climate may experience extremeweather patterns (monsoons, hurricanes) that could result inflooding, stormsurges, high winds etc. with
implications for erosion and hydrology. The high temperatures and humidity associated with tropical climates result and soils are generally thin. In arid climates, total
rainfall, erosionand recharge maybe dominated by infrequent storm events.
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Key Concepts, examples, and related FEPs

Extreme weather patterns Alkaliflats Effective recharge

Monsoons Infrequentstormevents Change in hydrological regime
Hurricanes High rainfall Rapid biological degradation
Flooding High winds Erosion

Stormsurges

Applicationto WMAA-AX: Relevant in evaluation ofthe infiltration rate. See Section 3.

Potentially deleterious FEP: Effectsare included in estimates and uncertainties inthe infiltration rate.

Hydrological/hydrogeological responseto climate changes 1.3.07

Definition: FEPs related to changes in thehydrological and hydrogeological regime, e.g., recharge, sediment load and seasonality, in response to climate change in a region.

Comment: The hydrologyandhydrogeology ofa regionis closely coupledto climate. Climate controlstheamount of precipitationand evaporation, seasonal ice cover and
thusthe soil water balance, extent of soil saturation, surface runoffand groundwater recharge. Vegetation and human actions may modify these responses.

Key Concepts, examples, and related FEPs

Change in groundwater recharge Change in regional precipitation/infiltration/evaporation Change in surface runoff
Change in sedimentload Change in seasonal icecover Increase in groundwater velocity
Change in soil water balance Creation of local ponds

Applicationto WMAA-AX: Relevant in evaluating the infiltration rate.

Potentially deleterious FEP: This FEP has the potential to affect thecover infiltration safety function. Effects ofclimate change oninfiltration areincluded inthe range of
ratesderived fromthe paleo record on precipitation. Potential anthropogenic effects are withintherange of pastclimates. See Section3.

Ecological response toclimate changes 1.3.08

Definition: FEPs related to changesin ecology, e.g., vegetation, plantand animal populations, in response to climate change in a region.

Comment: The ecology ofanenvironment is linked to climate. Ecological adaptation has allowedfloraandfaunato surviveand exploiteventhe mosthostile of environments.

Forexample, cacti have evolvedto survive extreme heat and desiccation ofthe desert environment, and certain plant species complete their entire lifecycle over very short
time periods following rare rainevents inthedesert. Some tree and plantspecies haveevolvedtosurvive natural events such as forest fires, and may require themto complete
their lifecycle.
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Key Concepts, examples, and related FEPs

Desert formation Change inanimal life Ecologicaladaptation

Change in vegetation

Applicationto WMAA-AX: Relevant in evaluating the infiltration rate.

Potentially deleterious FEP: This FEPhas the potential to affectthe cover infiltration safety function by altering the plant community over the waste. Variation in infiltration
rates are considered, barrier testing has included conditions following lossof vegetation.

Human response to climate changes 1.3.09

Definition: FEPs related to changesin human behaviour, e.g., habits, diet, size of communities, in response to climate changein a region.

Comment: Humanresponseisclosely linkedto climate. Climate affects the abundance and availability of natural resources suchas water, as well as thetypes of crops that
can be grown. The more extremea climate, the greater the extent ofhuman control over these resources is necessaryto maintain agricultural productivity, e.g., through the
use of dams, irrigation systems, controlled agricultural environments (greenhouses).

Key Concepts, examples, and related FEPs

Change in human habits Increase/decrease in usageofirrigationsystems Effect of climate change on water availability
Effect of climate changeon foodchain Change in populationdensity Constructionofdams
Change in agricultural activities/products Changeindiet

Applicationto WMAA-AX: Addressedin theexposure assessmentrequirements in DOE Order 435.1andRCRAclosure requirements for hazardous substances.

Potentially deleterious FEP: Notapplicable.

Other geomorphologic changes 1.3.10

Definition: FEPs related to geomorphologic (also knownas physiography) changes on aregionaland localscale, i.e., the general configuration of the Earth’s surface.

Comment: Geomorphology refers to the classification, description, nature, origin and development of present landforms and their relationships to underlying structures,
and of the history of geologic changes as recorded by these surface features. The term is especially applied to the generic interpretation of landforms, but has also been
restrictedto features produced only by erosion and deposition.

Key Concepts, examples, and related FEPs

Denudation
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Applicationto WMAA-AX: Relevantto WMA A-AX in the morphological changes associated withadding the cover, withincreased depth to the waste.

Potentially deleterious FEP: Notapplicable.

FUTURE HUMAN ACTIONS (ACTIVE) 1.4

Definition: Human actions and regional practices, in the post-closure period, that can potentially affect the performance of the engineered and/or geological barriers,
e.g., intrusive actions, but not the passive behaviourand habits ofthe local population, c.f. 2.4.

Comment: "Human Actions (Active)"is a sub-category ofthe External Factors in the International FEP List andis divided into individual FEPS.

Human influences on climate 1.4.01

Definition: FEPs related to human activities that could affectthe change of climate either globally orin aregion.

Comment: These activities could be intentional or unintentional, with anindirect influencemore than a directinfluenceon theclimate.

Key Concepts, examples, and related FEPs

De-forestation Emissions of “greenhouse” gasessuchas CO,and CHs

Applicationto WMA A-AX: Relevantinevaluating the infiltration rate. Projected anthropogenic effects on future climates may be either increases or decreases ininfiltration
rate.

Potentially deleterious FEP: This FEP hasthe potential to affect thecover infiltration safety function. Effects ofclimate change oninfiltration areincluded inthe range of
ratesderived fromthe paleo record on precipitation. Potential anthropogenic effects are withinthe range of pastclimates.

Motivation and knowledge issues (inadvertent/deliberate human actions) 1.4.02

Definition: FEPs related to the degree of knowledge of the existence, location and/or nature of the repository. Also, reasons for deliberate interference with, or intrusion
into, arepository after closurewith complete orincomplete knowledge.

Comment: Some future human actions (e.g., see FEPs 1.4.03 and 1.4.04) could directlyimpact upon the repository performance. Manyassessments distinguish between:
- inadvertent actions, whichare actions taken withoutk nowledge or awareness ofthe repository, and

- deliberate actions, which are actions that are taken with knowledge ofthe repository’s existence and location, e.g., deliberate attempts to retrieve the waste, malicious
intrusionandsabotage.

Intermediate cases, ofintrusionwith incomplete knowledge, could also occur.
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Key Concepts, examples, and related FEPs

Human intrusion (instigate mechanical processes Deliberate actions, e.g., war, sabotage, waste recovery, Inadvertent actions, e.g., exploratory drilling,
incomplete knowledge intrusion) malicious intrusion resource mining, archaeological intrusion

Applicationto WMAA-AX: Not relevant for the WMA A-AX performance assessment, since thisFEP relates to probability ofoccurrence ofinadvertent intrusion, which is
not takencredit for in the assessment. Intentionalintrusion is generally excluded from consideration inthe international community of performance assessment.

Potentially deleterious FEP: Notapplicable.

Drilling activities (human intrusion) 1.4.03

Definition: FEPs related to any typeofdrilling activity neartherepository.

Comment: These activities may be takenwith or without knowledge ofthe repository and in factare a subgroup of FEP 1.4.02.

Key Concepts, examples, and related FEPs

Exploratory and/or exploitation drilling for natural resources and raw Water well drilling Drillingfor hydrothermal resources

materials - L . .
Drillingfor waste injection Extraction ofvaluable components ofthe disposed waste

Drillingfor researchor site characterization studies

Applicationto WMAA-AX: Relevant to the intrusionscenario inthe PA, butnotin this this impacts analysis.

Potentially deleterious FEP: Addressedin theevaluation ofinadvertent intrusion.

Mining and other underground activities (human intrusion) 1.4.04

Definition: FEPs related to any typeofmining or excavation activity carried out near the repository.

Comment: These activities may be takenwith or without knowledge ofthe repository and in factare a subgroup of FEP 1.4.02.

Key Concepts, examples, and related FEPs

Resource mining; Shaft construction, underground construction and tunnelling Malicious intrusion, sabotage or war
Excavationforindustry; Recovery of repository materials (re-use of waste) Injection ofliquid wastes and other fluids
Geothermal energy production The presenceofmine galleries - after closure Scientific underground investigation

Mine drillings Underground nuclear testing
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ApplicationtoWMA A-AX: Drillingactivities accountedfor in the drilling intrusion scenarioin the PA. Other mining activities excluded based on lack ofvaluable natural
resourcesat WMA A-AX. Potential for intrusive activities is also limited by depth of waste disposal and presence ofintrusion barriers.

Potentially deleterious FEP: Notapplicable.

Un-intrusiwe site investigation 1.4.05

Definition: FEPs related to airborne, geophysical or other surface-based investigation of a repository siteafter repository closure

Comment: Such investigation, e.g., prospecting for geological resources, might occur after information ofthe locationofa repository had been lost. The evidence ofthe
repository itself, e.g. discoveryofan old shaft, might itself prompt investigation, including research ofhistorical archives.

Key Concepts, examples, and related FEPs

Prospecting for geological resources Investigationofan old shaft Research ofhistorical archives

Applicationto WMAA-AX: Notrelevantasthis FEP relates to probabilities of intrusion, which are not taken creditfor in the performance assessment.

Potentially deleterious FEP: Notapplicable.

Surface excavations 1.4.06

Definition: FEPs related to any type ofhuman activities during surface excavations that can potentially affect the performance ofthe engineered and/or natural (geological)
barriers, orthe exposure pathways.

Comment: This FEP relates to the surface environment. Strictly speaking, excavationrefersto an act or process of removing soil and/or rock materials fromone location
and transporting themto another. Thismay include, for example, digging, blasting, breaking, loading and hauling, which may result in direct human intrusion in the case
of a near-surfacerepository.

Key Concepts, examples, and related FEPs

Quarrying, trenching, ploughing Dredgingofsediments in estuaries Shallowexcavations for site investigations
Digging, blasting, breaking, loading, hauling Excavationfor construction (earthworks) Excavationfor military purposes
Recyclingofmaterials Excavationfor storage or disposal

Application to WMAA-AX: Home construction basement scenarioexcluded inthe PA based ondepth ofwaste disposalandpresence ofintrusion barriers.

Potentially deleterious FEP: Notapplicable.
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Pollution 1.4.07

Definition: FEPs related to any type of human activities associated with pollution that can potentially affect the performance ofthe engineered and/or natural (geological)
barriers, orthe exposure pathways.

Comment: Asusedhere, it referstothealteration ofthe chemical composition ofthe surface environment inthevicinity ofthe repository, insuch a way thatthe performance
of the disposal systemis influenced.

Key Concepts, examples, and related FEPs

Acid rain Soil pollution Groundwaterpollution

Chemical liquid waste disposal Soil fertilization

Applicationto WMAA-AX: Relevantto WMA A-AXinpotential changes tothedegradation rates ofthe engineeredbarriers. Effects of pastleakson vadose zone properties.

Potentially deleterious FEP: Potential effects in engineered barrier safety functions relatedto flow reduction. Effects of past leaks onvadosezoneproperties.

Site development 1.4.08

Definition: FEPs related to any type of human activities during site development that can potentially affect the performance of the engineered and/or natural (geological)
barriers, orthe exposure pathways.

Comment: As used here, site development refers to alterations to the surface environment after memory of the repository hasbeen lost. These alterations may result in
direct humanintrusion in the near-surface facility, or to an alteration ofthe hostlithology or topography.

Key Concepts, examples, and related FEPs

Site occupation Construction ofroads, houses, buildings, dams, etc. Residential, industrial, transport and road construction

Levelling ofhills (e.g., airportlay out) Human modificationofthe site drainage Land reclamation/extension

Applicationto WMAA-AX: Relevant to WMA A-AX1n potential changes to thedegradationrates ofthe cover.

Potentially deleterious FEP: Potential effects in the cover functionfor infiltration considered in sensitivity cases.

Archaeology 1.4.09

Definition: FEPs related to any type of humanactivities associated with archaeology that can potentially affectthe performance of the engineered and/or natural (geological)
barriers, orthe exposure pathways.

Comment: Asused here, the FEP refersto archaeological investigations in the surface environment.
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Key Concepts, examples, and related FEPs

Archaeological, inadvertenthuman intrusion Archaeological artefacts found during construction

Applicationto WMAA-AX: Notrelevantasthis FEP relatesto probabilities of intrusion, whichare not taken creditfor in the performance assessment.

Potentially deleterious FEP: Notapplicable.

Water management (wells, reserwoirs, dams) 1.4.10

Definition: FEPs related to groundwater and surface water management including water extraction, reservoirs, dams, and river management.

Comment: Water isa valuableresource and water extraction and managementschemes provide increased control over its distribution and availability through construction
of dams, barrages, canals, pumping stations and pipelines. Groundwater and surface water may be extracted for human domestic use (e.g., drinking water, washing),
agricultural uses (e.g., irrigation, animal consumption) and industrial uses. Extraction and management of water may affect the movement of radionuclides to and in the
surface environment.

Key Concepts, examples, and related FEPs

Waterworks Intentional artificial groundwater recharge/discharge by Extractionofcontaminated water fromaquifer via a well

Artificial mixing of lakes humans Impoundment of water for fishing/fish farming, bathing
Dam, barrage, canals, pumping stations and pipeline

Reservoirs building

Groundwater/surface water extractionfor irrigation, animal

Industrial usage consumption, drinking water, washing
g Desalination of water in estuariesand marines sal ducti

Human effects on water potential . altproduction
Drainage systems

Chemical liquid waste disposal

Applicationto WMAA-AX: Water management activities on the ColumbiaRiver havethe potentialto affect river stage.

Potentially deleterious FEP: Potential effects onthe saturated zonesafetyfunctions are consider in uncertainty values for aquifer flow.

Social and institutional developments 1.4.11

Definition: FEPs related to changes in social patterns and degree of local government, planning and regulation.

Comment: The decisions made in future conceming social and institutional development may have a significant influence on the disposal system, e.g., if a change in land
use ispromulgated or a change in the regulatory requirements.
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Key Concepts, examples, and related FEPs

Loss of archives/records, loss/degradation ofsocietal memory Changesin landuse
Changes in planning controls and environmental legislation Change in regulatory requirements
Demographic change and urban development Change in institutional control

Applicationto WMAA-AX: Excluded fromconsiderationin DOE Order 435.1 and RCRA closure requirements for hazardous substances.

Potentially deleterious FEP: Notapplicable.

Technological developments 14.12

Definition: FEPs related to future developments in human technology and changes in the capacity and motivation to implement technologies. This may include retrograde
developments, e.g., loss of capacity to implement a technology.

Comment: Ofinterest arethosetechnologies that mightchangethe capacity ofman to intrude deliberately or otherwise into a repository, to cause changes that would affect
the movement of contaminants, to affecttheexposureor its healthimplications. Technological developmentsare likelybutmay not be predictable, especiallyat longertimes
into the future. In most assessments, assumptions are made to limit the scope of consideration.

Key Concepts, examples, and related FEPs

Retrograde developments Loss of capacityto implementtechnology

Applicationto WMAA-AX: Excluded from considerationin DOE Order 435.1.
Potentially deleterious FEP: Notapplicable.

Remedial actions 1.4.13

Definition: FEPs related to actions that might be taken following repository closure to remediate problems with a waste repository that, either, was not performing to the
standards required, had beendisrupted by some natural event or process, or had been inadvertently or deliberately damaged by humanactions.

Comment:

Key Concepts, examples, and related FEPs

None

Applicationto WMA A-AX: Excluded fromconsiderationin DOE Order 435.1.
Potentially deleterious FEP: Notapplicable.
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Explosions and crashes 1.4.14

Definition: FEPs related to deliberate oraccidental explosions and crashes such as might have some impact ona closed repository, e.g., underground nuclear testing, aircraft
crash on the site, acts of war.

Comment:

Key Concepts, examples, and related FEPs

Intrusions by war, sabotage, terrorism Likelihood of crashes ontosurface facilities, e.g., plane crashes

Undergroundnuclear testing

Applicationto WMAA-AX: Potentially relevant to the performanceofthe cover, but verylowprobability of occurrence.

Potentially deleterious FEP: Potential relevance to the surface barrier safety function for infiltration. However, it is excluded from consideration based on very low
probability of occurrence.

DISPOSAL SYSTEM DOMAIN: ENVIRONMENTAL FACTORS 2

Definition: Features and processes occurring within that spatial and temporal (post-closure) domain whose principal effect is to determine the evolution of the physical,
chemical, biologicaland human conditions of the domain thatare relevantto estimatingthe releaseand migration of radionuclides and consequent exposure to man.

Comment: "Disposal System Domain: Environmental Factors™ is a category in the International FEP List andis divided into sub-categories.

WASTES AND ENGINEERED FEATURES 2.1

Definition: Featuresand processes within the waste and engineered components of the disposal system (output— source termcharacteristics).

Comment: "Wastes and Engineered Features™ is a sub-category of Disposal Domain:Environmental Factors in the International FEP List and is divided into individual
FEPs.

Note that FEPs2.1.01 to 2.1.06 describe the features in the disposal system, in other words, a description ofthe systemas it is constructed, whereas FEPs 2.1.07t0 2.1.11
describethe processes or thechanges in the disposal system.

Inventory, radionuclide and other material 2.1.01

Definition: FEPs related to the total content of the repository of a given type of material, substance, element, individual radionuclides, total radioactivity or inventory of
toxic substances.

Comment: The FEP oftenrefersto contentofradionuclides butthe content of other materials, e.g., steels, other metals, concrete or organic materials, couldbe of interest.
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Key Concepts, examples, and related FEPs

Radionuclide content Concrete or organicmaterial content Steel and other metal content

Waste form materials, characteristics anddegradation processes 2.1.02

Definition: FEPs related to the physical, chemical, biological characteristics of the waste format the time of disposal and as they may evolve in the repository, including
FEPs which are relevant specifically as waste degradation processes.

Comment: The wasteformwill usually be conditioned prior todisposal, e.g., by solidificationand inclusion of groutmaterials. The wasteformisa componentofthe waste
package. The waste characteristicswill evolve due tovarious processes thatwill be affected by the physical and chemical conditions of the repository environment. Processes
that are relevantspecificallyas waste degradation processes, as compared to general evolution ofthe near field, are includedin this FEP.

Key Concepts, examples, and related FEPs

Physicaldegradation Ash Activated metal
Chemical degradation Cloves, clothing, plastics, paper wood Sludges, evaporation residue, compactedsolids, filters
Solid matrix ofresin, bitumen, cement Spent sources

Applicationto WMAA-AX: Relevant to the performance assessment and chemical impacts analysis.

Potentially deleterious FEP: Uncertainty inthe final amounts ofwaste in as-yet unretrieved tanks and its chemical and physical form.

Container materials, characteristics and degradation/failure processes 2.1.03

Definition: FEPs related to the physical, chemical, biological characteristics of the container at thetime of disposaland as they may evolve in the repository, including FEPs
that are relevant specifically as container degradation/failure processes.

Comment: The container referstothevesselintowhichthewaste formis placed for handling, transportation, storageandor disposal. Itisalso theouterbarrierprotecting
the waste fromexternal intrusions. The container isa component ofthe waste package.

Key Concepts, examples, and related FEPs

Container degradation/failure processes Concrete containers Lead containers

Metal drums Stainless steel containers

Applicationto WMAA-AX: Notrelevantto the performance assessmentor chemical impacts analysis. Waste is notcontainerized.

Potentially deleterious FEP: Notapplicable.
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Buffer/backfill materials, characteristics anddegradation processes 2.1.04

Definition: FEPs related to the physical, chemical, biological characteristics of the bufferand/or backfill at the time of disposaland as they may evolve in the repository,
including FEPs that are relevant specifically as buffer/backfill degradation processes. (Effect on hydrology/ flow)

Comment: Buffer and backfill are sometimes used synonymously. In some high-level waste/spent fuel concepts, the term buffer is used to mean material immediately
surrounding a waste container and having some chemical and/or mechanical buffering rolewhereasbackfill isused to mean material usedto fill other underground openings.
However, in intermediate-level waste/low-level waste concepts the term backfillis used to describe the material placed between waste containers, whichmay have a chemical
role. Buffer/backfill materials may include clays, cement and mixtures of cement with aggregates, e.g., ofcrushed rock.

The buffer/backfill characteristics will evolvedueto various processes thatwill be affected by the physical and chemical conditions of the repository environment. Processes,
which are relevant specifically as buffer/backfill degradation processes, as compared to general evolution ofthe near field, are included in this FEP.

Key Concepts, examples, and related FEPs

Buffer/backfill degradation processes Clay, cement, sand, soil Mixture ofclayand crushed rock

Bentonite clay

Applicafion to WMAA-AX: Relevant to the performance assessment and chemical impacts analysis as the grout infill.

Potentially deleterious FEP: Uncertainty inthe performance ofthe groutis considered in sensitivity and uncertainty analysis.

Engineeredbarrier systemcharacteristics and degradation processes 2.1.05

Definition: FEPs related to the design, physical, chemical, hydraulic, etc. characteristics of the cavern/tunnel/shaft seals at the time of sealing and closure and also as they
may evolve in the repository, including FEPs which are relevantspecifically as cavern/tunnel/shaft seal and cap degradation processes. (Effect on hydrology/ flow— change
overtime).

Comment: Cavern/tunnel/shaftsealand capfailure mayresultfromgradual degradation processes, or maybetheresultofa suddenevent. The importanceis thataltemative

routes for groundwater flow and radionuclide transport may be created along the various layers and tunnels and/or shafts and associated emission density zoning (see
FEP2.2.01).

Key Concepts, examples, and related FEPs

Engineered caps (cover) Intrusion resistance caps Cap materials: clay, concrete
Cover degradation

Applicafion to WMAA-AX: Relevant to the performance assessment and chemical impacts analysis as the tank structure, base mat, and cover system.

Potentially deleterious FEP: Uncertainties in the current state and long-term performance ofthe engineeredbarriers are addressed in sensitivity and uncertainty analysis.
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Other engineeredfeatures materials, characteristics anddegradation processes 2.1.06

Definition: FEPs related to the physical, chemical, biological characteristics of the engineered features (other than containers, buffer/backfill, caps and seals) at the time of
disposalandalso asthey may evolve in the repository, including FEPs which are relevantspecifically as degradation processes acting on theengineered features.

Comment: Examples ofother engineeredfeatures arerock bolts, shotcrete, tunnel liners, silowalls, any services and equipmentnotremoved before closure. Theengineered
features, materials and characteristics will evolve due to various processes that will be affected by the physical and chemical conditions of the repository environment.
Processeswhichare relevant specifically as degradation processes acting onthe features, as comparedto general evolution ofthe near field, are be included in this FEP.

Key Concepts, examples, and related FEPs

Trenches, holes, vaults Reduction in flowthrough structures dueto impermeable membraneand Cut-offwalls

subsequent degradation ofimpermeable membrane

Walls, floors, mounds, layers of mounds Degradationprocesses

Rock bolts, tunnel liners, silowalls

Applicationto WMAA-AX: Relevantto pipesandstructures associated with ancillary equipment.

Potentially deleterious FEP: Notapplicable, asthe ancillary equipment is treated conservativelyin the base case.

Mechanical processes andconditions (in wastes and EBS) 2.1.07

Definition: FEPs related to the mechanical processes that affect the wastes, containers, seals and other engineered features, and the overall mechanical evolution of near
field with time. This includestheeffects of hydraulic and mechanical loads imposed on wastes, containers and repository components by thesurrounding geology.

Comment:

Key Concepts, examples, and related FEPs

Waste and container compression Subsidenceasa result of compression ofwasteand cover layers Container movement

Container collapse Fracture formationin vault, backfill, joints, cover materials, host Differentialbehaviour ofjoints

geology (local fractures)

Buffer swelling pressure Tunnel roofor lining collapse

Material volume changes

Applicationto WMAA-AX: Relevant to the performance assessment and chemical impacts analysis in theinfluence ofthe FEP to conditionsofthe base mat.

Potentially deleterious FEP: Potential degradation in the current state and future evolution ofthe base mat hydraulic safety functionwhichis considered in the sensitivity
and uncertainty analysis.
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Hydraulic/hydrogeological processes andconditions (in wastes and EBS) 2.1.08

Definition: FEPs related to the hydraulic/hydrogeological processes that affect the wastes, containers, seals and other engineered features, and the overall
hydraulic/hydrogeological evolution of near field with time. This includes the effects of hydraulic/hydrogeological influences on wastes, containers and repository
components bythe surrounding geology.

Comment:

Key Concepts, examples, and related FEPs

Failure ofdrainage system Modification of pore water by cover caused by chemical Osmotic effects

Failure of cut-offwalls Interaction ofvault material with pore water Infiltrationand movement of fluids in the repository environment
Failure ofcap/cover pHchange Resaturation/desaturation ofthe repository or its components
Failure ofthe joints Redox potential change Water flow and contaminant transport paths within the
Bathtubbing Mineralization repository

Fracturingofconcrete components Modification of pore water by cover Inducedfluideffects causedby temperaturechange
Effect of cap+cover+backfill Interaction of container material with pore water -Pressure change

Influence of climate change Matrix corrosion -Natural convection

Influence of salineintrusion Gasgeneration Viscosity

Gasmediatedwater flow Polymer degradation (highintegrity containers) Reduction in flowthroughstructures dueto grouting
Interaction ofbackfill with pore water Mineralizationchange Chloride attack

pHchange Osmotic effect Sulphate attack

Redox change Interaction of vault materials with host groundwater Colloid formation

Sulphate attack Carbonation

Effect of chelating agents

Applicationto WMAA-AX: Relevant tothe performanceassessmentand chemical impacts analysisin theinfluence ofthe FEP to release and transport of waste from tanks
and ancillary equipment.

Potentially deleterious FEP: Uncertaintyin thecurrent state and future evolution of the safety functions ofthewaste, grout, tank, and base mat is considered in the sensitivity
and uncertainty analysis.
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Chemical/geochemical processes andconditions (in wastes and EBS)

2.1.09

Definition: FEPs related to the chemical/geochemical processes that affect the wastes, containers, seals and other engineered features, and the overall chemical/geochemical
evolutionofnear field with time. This includes the effects of chemical/geochemical influences onwastes, containers and repository components by the surrounding geology.

Comment:

Key Concepts, examples, and related FEPs

Chemical interaction of backfillwithpore water Chemical interaction ofwastewith pore water
pHchanges Metallic corrosion processes (general and pitting)
Redox changes Polymer degradation (resins)

Sulphate attack Osmotic effects

Osmotic effects Chemical interactionof containers (including overpacks)

Chemical interaction of vault materials with with pore water

pore water Metallic corrosion
pHchanges Polymer degradation (highintegrity containers)
Redox potential changes Osmotic effects

Chemical interaction of vault materials with Chemical interaction of wastewith containers
host groundwater S . .
Precipitation/dissolution reactions
Carbonation
Chloride attack

Sulphate attack

Evolution of redox (Eh) and acidity/alkalinity (pH) etc.
Silting/pore closure

Geochemical changes

Induced galvanic metallic corrosion
Polymer degradation (highintegrity containers)

Chemical interaction of backfill with containers
(including overpacks)

Inducedgalvanic metallic corrosion
Polymer degradation (highintegrity containers)

Chemical interaction of non-radioactive waste
components with radioactive waste components

pHchanges
Redox potential changes

Change in chemical reaction rate caused by temperature
change

Electrochemical processes

Chemical conditioningand buffering processes

Applicationto WMAA-AX: Relevant tothe performanceassessmentand chemical impacts analysisin theinfluence ofthe FEP to release and transport of waste from tanks

and ancillary equipment.

Potentially deleterious FEP: Uncertainty in the current state andfuture evolution ofthe chemical safety functions ofthe waste, grout, tank, andbase mat is considered in

the sensitivity and uncertainty analysis.
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Biological/biochemical processes and conditions (inwastes and EBS) 2.1.10

Definition: FEPs related tothebiological/biochemical processes thataffect the wastes, containers, seals and other engineered features, and the overall biological/biochemical
evolutionofnearfield with time. This includes the effects of biological/biochemical influences onwastes, containers and repository components by thesurrounding geology.

Comment:

Key Concepts, examples, and related FEPs

Microbial growth and poisoning Microbial/biological effects ofevolution of redox (Eh) Change in microbial caused by change intemperature
and acidity/alkalinity (pH), etc.

Effect of organic materials

Microbially/biologicallymediated processes

Effect of organic material

ApplicationtoWMAA-AX: Relevant tothe performanceassessmentand chemical impacts analysisin theinfluence ofthe FEP to release and transport of waste from tanks
and ancillary equipment.

Potentially deleterious FEP: Uncertainty in the current state and future evolution ofthe chemical safetyfunctions ofthe waste, grout, tank, andbase mat is considered in
the sensitivity and uncertaintyanalysis.

Thermal processesandconditions (in wastes and EBS) 2.1.11

Definition: FEPs related to the thermal processes that affect the wastes, containers, seals and other engineered features, and the overall thermal evolution ofthe near field
with time. This includestheeffects ofheaton wastes, containers and repository components fromthe surrounding geology.

Comment:

Key Concepts, examples, and related FEPs

Temperature evolution Chemical heat production fromengineered features, e.g., concrete hydration
Differentialelasticresponse Change in chemical reactionrates e.g., corrosion
Non-elastic response Temperature dependence of physical/chemical/biological/hydraulic processes,

e.g.,corrosionand re-saturation
Fracture aperture changes caused by the temperaturechange g

Change in microbial activity Fluid pressure, density viscosity changes

Radiogenic, chemical andbiological heat production fromthe wastes Induced chemical changes caused bythe temperature change
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Application to WMA A-AX: Applicable in the performance assessment and chemical impacts analysis, but heat generated in residual waste for expected retrievals is
negligible.

Potentially deleterious FEP: Potential heat generationin tanks thatretain substantial amounts of unretrievable waste, leading to effectson flowthrough the waste and EBS.

Gas sources andeffects (inwastes and EBS) 2.1.12

Definition: FEPs within and aroundthe wastes, containers and engineered features resulting in the generation of gases and their subsequent effects ontherepository system

Comment: Gas production may resultfromdegradationand corrosion ofvarious waste, container and engineered feature materials, as well as radiation effects. The effects
of gas productionmay change local chemical and hydraulic conditions, and the mechanisms for radionuclide transport, i.e., gas-induced and gas-mediated transport.

Key Concepts, examples, and related FEPs

Explosion Gasgeneration Degradationofvault, overpacks or backfill (instigate mechanical processes)
Pressurisation Corrosion Chemical interaction of containers (including overpacks) with pore water
Radiation effects Decomposition of organic matter (microbial) Chemical interaction ofwastewith containers

Chemical interaction of backfill with containers (including overpacks)

Applicationto WMAA-AX: Relevant to the performance assessment in analyses of releases to the atmosphere.

Potentially deleterious FEP: Notapplicable.

Radiation effects (inwastes and EBS) 2.1.13

Definition: FEPs related to the effects that result fromthe radiation emitted fromthe wastes that affect the wastes, containers, seals and other engineered features, and the
overallradiogenic evolutionofthe near field with time.

Comment: Examplesofrelevanteffectsare ionization, radiolytic decomposition of water (radiolysis), radiation damage to waste matrixor container materials, helium gas
productiondue to alpha decay.

Key Concepts, examples, and related FEPs

Radiolysis Irradiation effects onmetals, concrete Concrete degradation
Decay product gas generation Polymer degradation (resins and highintegrity containers) Metallic degradation

Applicationto WMAA-AX: Applicablein the performanceassessmentand chemical impacts analysis, but negligible.

Potentially deleterious FEP: Noneidentified.
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Nuclear criticality 2.1.14

Definition: FEPs related to the possibility and effects of spontaneous nuclear fission chain reactions within the repository.

Comment: Achain reaction isthe self-sustaining process ofnuclear fission in which eachneutron released froma fission triggers, on average, at least one other nuclear

fission. Nuclear criticality requires a sufficient concentration and localized mass (critical mass) of fissile isotopes (e.g., U-235, Pu-239) and also presence of neutron
moderating materials in a suitable geometry; a chainreactionis liable to be damped by the presence of neutron absorbing isotopes (e.g., Pu-240).

Key Concepts, examples, and related FEPs

Radiological criticality

Applicafion to WMAA-AX: Notrelevantto thetank closure performance assessment or chemicalimpacts analysis. Waste inventory screenedfor potentialfor criticality.

Potentially deleterious FEP: Notapplicable.

Extraneous materials 2.1.15

Definition:

Comment:

Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Notrelevant.
Potentially deleterious FEP: Notapplicable.

GEOLOGICAL ENVIRONMENT 2.2

Definition: The features and processes of the geological environment surrounding the repository including, for example, the hydrogeological, geomechanical and
geochemical features and processes, both in pre-emplacementstateand as modified by the presence of the repository and other long-termchanges.

Comment: "Geological Environment™is a sub-categoryin the International FEP List and is divided into individual FEPs.

Note that FEPs 2.2.01 to 2.2.06 describe the features in the disposal system, in other words, a description of the features of the system as it is constructed, whereas FEPs
2.2.07t02.2.11 describe the processes or the changes in the disposal system.

594 of 671

0 A8y '902¢9-AN3-ddd



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM

8G-9

Disturbed zone, host lithology 2.2.01

Definition: FEPs related to the host lithology zone around the repository orany other underground openings that may be mechanically disturbed during construction, and
the properties and characteristics as they may evolve both before and after repository closure.

Comment: The disturbed zone may have different properties to the undisturbed host lithology, e.g., opening of fractures or change of hydraulic propertiesdue to stress
relief.

Key Concepts, examples, and related FEPs

Fracture formed by the construction Change ofhydraulic properties due tostress relief

Applicationto WMAA-AX: Relevant astheexcavation zone for the tank farm.

Potentially deleterious FEP: Notapplicable.

Host lithology 2.2.02

Definition: FEPs related to the properties and characteristics of the lithology infonwhich the repository is sited (excluding the zone disturbed by the construction) as they
may evolve both beforeand after repository closure. In most cases, this FEP will be associated with the unsaturated zone.

Comment: Relevant properties include thermal and hydraulic conductivity, compressive and shear strength, porosity, etc. In most cases, this FEP will be associated with
the unsaturated zone (see FEP 2.2.03).

Key Concepts, examples, and related FEPs

Thermal and hydraulic conductivity Porosity Descriptionofthe hostlithology

Compressive and shear strength

Applicationto WMAA-AX: Relevant. Here hostlithology is consideredthe H2 sand in which the facility resides.

Potentially deleterious FEP: Uncertainties in thelithology and its properties could lead to mischaracterization ofthe vadose zone safety functions.

Lithological units, other 2.2.03

Definition: FEPs related to the properties and characteristics of the lithology other thanthe host lithology as they may evolveboth before and after repository closure.

Comment: These lithological units are those that make up the region in which the repository is located. These units are identified in the geological investigations of the
region. Each geological unitis characterized according to its geometry and its general physical properties and characteristics. Details concerning inhomogeneity and
uncertainty associated with each unit are included in the characterization. In most cases, this FEP will be associated withthe saturated zone (see FEP 2.2.02).
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Key Concepts, examples, and related FEPs

Non-uniformstratigraphy Heterogeneity Descriptionofthe lithology units

Applicationto WMAA-AX: Relevant. Here “other lithological units™ are those below WMA A-AX (i.e., not the ““host” lithology).
Potentially deleterious FEP: Uncertainties in thelithology and its properties could lead to mischaracterization ofthe vadose zone and saturated zone safetyfunctions.

Discontinuities, large scale (in geosphere) 2.2.04

Definition: FEPs related to the properties and characteristics of discontinuities in and between the saturated and unsaturated zones, including faults, shear zones, intrusive
dykes and interfaces betweendifferent rock types.

Comment:

Key Concepts, examples, and related FEPs

Fault Shear zones Interfaces betweendifferent rock types
Intrusive dykes

Applicationto WMAA-AX: Noneidentified.
Potentially deleterious FEP: Notapplicable.

Contaminant transport path characteristics (in geosphere) 2.2.05

Definition: FEPs related to the properties and characteristics of smaller discontinuities and features within saturated and unsaturated zones that are expected to be the main
paths for contaminanttransport through the geosphere, as they may evolve both before and after repository closure.

Comment: Groundwater flowand contaminanttransportthrough rocksmay occurina variety of systems depending onthe rock characteristics. Porous flow ispredominantly
through pores in the medium or through the interstitial spaces betweensmall grains of materials. Fractureflow is predominantly along fractures in the rock which represent
the only connected openspaces. Changes in the contaminant transportpath characteristics dueto the repository construction or its chemical influence, etc. are included.

Key Concepts, examples, and related FEPs

Fracture flow Fracture-matrixinteraction Porousflow

Applicafion to WMAA-AX: Relevant and considered in sensifivity and uncertainty analysis using altemative conceptualmodels.

Potentially deleterious FEP: Notapplicable.
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Mechanical processes andconditions (in geosphere) 2.2.06

Definition: FEPs related to the mechanical processes that affect the saturated and unsaturated zones, and the overall evolution of conditions with time. This includes the
effects of changes in condition, e.g., rock stress, due to the excavation, constructionand long-termpresence of the repository.

Comment:

Key Concepts, examples, and related FEPs

Subsidence Upliftment

Applicationto WMAA-AX: Notrelevant.
Potentially deleterious FEP: Noneidentified.

Hydraulic/hydrogeological processes andconditions (in geosphere) 2.2.07

Definition: FEPs related to the hydraulic and hydrogeological processes that affect the saturated and unsaturated zones, and the overall evolution of conditions with time.
This includes the effects of changes in condition, e.g., hydraulic head, due to the excavation, constructionand long-termpresence of the repository.

Comment: Thehydrogeological regimeisthecharacterization ofthe composition and movementofwater throughtherelevant geological formations intherepository region
and the factorsthat control this. Thisrequires knowledge ofthe rechargeand discharge zones, the groundwater flow systems, saturation, and other factors that may drive
the hydrogeology, such as density effects dueto salinity gradients or temperaturegradients. Changes ofthe hydrogeological regime due tothe constructionand/or presence
of the repository are included.

Key Concepts, examples, and related FEPs

Salineintrusion Groundwaterdischarge to surface water, Soil, Estuary, Seas, Wells Saturated/unsaturated conditions
Darcy flow Channellingand preferential flow pathways Flow betweentwoaquifers
Non-Darcyflow Aquifer (groundwater) discharge/recharge (e.g., well) Infiltration

Fracture flow Flow direction

Applicationto WMAA-AX: Relevant and considered in sensitivity and uncertainty analysis.

Potentially deleterious FEP: Noneidentified.

Chemical/geochemical processes andconditions (in geosphere) 2.2.08

Definition: FEPs related to the chemicaland geochemical processes that affect the saturated and unsaturated zones, and the overall evolution of conditions with time. This
includes theeffects of changes in condition, e.g., Eh, pH, due to the excavation, construction and long-termpresence of the repository.

597 of 671

0 A8y '902¢9-AN3-ddd



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM

19-9

Comment: The hydrochemical regime refers to the groundwater chemistry in the geological formations in the repository region, and the factors that control this. This
requires knowledge of the groundwater chemistry including speciation, solubility, complexants, redox (reduction/oxidation) conditions, rock mineral composition and
weathering processes, salinity and chemical gradients. Changes ofthe hydrochemical regimedueto the constructionand/or presence ofthe repository are included.

Key Concepts, examples, and related FEPs

pHchange pH effects of cement on the environment, soil, etc. Effect of non-radioactive solute plume
Redox potential changes Mineralizationchanges

Applicationto WMAA-AX: Relevant.
Potentially deleterious FEP: Potential effects of past leaks on the H2 sand below the tank farm.

Biological/biochemical processes and conditions (in geosphere) 2.2.09

Definition: FEPs related to the biologicaland biochemical processes that affectthe saturated and unsaturated zones, and the overall evolution of conditions with time. This
includes theeffects of changes in condition, e.g., microbe populations, due to the constructionand long-termpresence of the repository.

Comment:

Key Concepts, examples, and related FEPs

Generatingofchelating agents Influenceson redox potential Microbiology-enhanced mobility

Influenceson pH Change in microbe population

Applicationto WMAA-AX: Relevant primarilyin the potential effect on sorption coefficients inthe geosphere.

Potentially deleterious FEP: Noneidentified.

Thermal processesandconditions (in geosphere) 2.2.10

Definition: FEPs related to the thermal processes that affectthe saturated and unsaturated zones, and the overall evolution of conditions with time. This includes the effects
of changes in condition, e.g., temperature, due tothe construction and long-termpresence of the repository.

Comment: Geothermal regime referstosourcesofgeological heat, the distribution of heat by conduction and transport (convection) influids, and the resulting thermal field
orgradient. Changes ofthe geothermal regime due to the constructionand/or presence ofthe repository are included.

Key Concepts, examples, and related FEPs

Bio-heat Chemical reactions Change in temperature
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Applicationto WMAA-AX: Notrelevantexceptiffuture tank retrievals leave behind morewaste thananticipated, with associated heatgeneration.

Potentially deleterious FEP: Notapplicable.

Gas sources andeffects (ingeosphere) 2.2.11

Definition: FEPs related to natural gas sources and production of gas within the geosphere and also the effect of natural and repository produced gas on the geosphere,
including the transportofbulk gases and the overall evolution of conditions with time.

Comment: Gasmovementin the geosphere willbe determined by manyfactors including the rate of production, gas permeability and solubility, and the hydrostatic pressure
regime.

Examples
Natural gasintrusion

Applicationto WMAA-AX: Notrelevant.

Potentially deleterious FEP: Notapplicable.

Undetected features (in geosphere) 2.2.12

Definition: FEPs related to natural or man-made features within the geology that may not be detected during the site investigation.

Comment: Examples of possible undetected features are fracture zones, brine pockets or old mine workings. Some physical features of the repository environment may

remain undetected duringsite surveysandeven during pilot tunnel excavations. The nature ofthe geological environment will indicate the likelinood that certain typesof
undetected features may be presentandthe siteinvestigation may be ableto placebounds onthe maximumsize or minimum proximityto such features.

Key Concepts, examples, and related FEPs

Boreholes (drillings) Faults, shear zones, Brecciapipes, Lavatubes, Intrusive dykes Gasor brine pockets
Mine shaftsor mine galleries

Applicationto WMAA-AX: Potentially relevant, butnone identified.

Potentially deleterious FEP: Potential presence of undetected major undetected feature in the vadose zone such as a clastic dike has been evaluated previously and
determinedto be inconsequential.

Geological resources 2.2.13

Definition: FEPs related to natural resources within the geosphere, particularly thosethat might encourage investigation orexcavationat or near the repository site.
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Comment: Geological resources could include oil and gas, solid minerals, water, and geothermal resources. For a near-surface repository, quarrying of near-surface
deposits, e.g.,sand, gravel or clay, may be of interest.

Key Concepts, examples, and related FEPs

Oiland gas Solid minerals Water

Sand, gravel, clay

Applicationto WMAA-AX: Relevant, only for potential use ofwater resources and potentialdriver for inadvertent intrusion.

Potentially deleterious FEP: Noneidentified. Water resources includedin the analysis.

SURFACE ENVIRONMENT 2.3

Definition: The features and processes within the surface environment, including near-surface aquifers and unconsolidated sediments but excluding human activities and
behaviour,seel.4and 2.4.

Comment: Surface Environment™ isa sub-category in the Intemational FEP List and isdivided intoindividual FEPs.

Note that FEPs 2.3.01to 2.3.06 describethe features in the disposal system, in otherwords, adescription ofthe features of the systemasiitis constructed, whereas FEPs 2.3.07
to 2.3.11 describe the processes or thechanges inthe disposal system.

Topography and morphology 2.3.01

Definition: FEPs related to the reliefand shape of the surfaceenvironmentand its evolution.

Comment: ThisFEP referstolocallandformandlandformchangeswithimplications for thesurface environment, e.g., plains, hills, valleys, and effects of river and glacial
erosion thereon. Inthe longterm, such changes may occur asa responseto geological changes, see 1.3.

Key Concepts, examples, and related FEPs

Land forms Hills Valleys

Plains

Applicationto WMAA-AX: Relevant, theclosurecover changes the Tocal topography.

Potentially deleterious FEP: Noneidentified.
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Soil and sediment 2.3.02

Definition: FEPs related to the characteristics of the soils and sediments and their evolution.

Comment: Different soil and sediment types, e.g., characterized by particle-size distribution and organic content, will have different properties with respect to
erosion/depositionand contaminant sorption, etc.

Key Concepts, examples, and related FEPs

Soil and sediment development Soil conversion

Application to WMA A-AX: Potentially relevant. Potential movement of sand dunes onsite. However, dune migration to the site would require regional changes in air
currents.

Potentially deleterious FEP: May cause changes in the infiltration safety function considered in sensitivity and uncertainty analysis.

Aquifers and water-bearing features, near surface 2.3.03

Definition: FEPs related to the characteristics ofaquifers and water-bearing features within a few metres of the land surface and their evolution.

Comment: Aquifers are water-bearing features, geological units, or near-surface deposits that yield significant amounts of water to wells or springs. The presence of
aquifersandother water-bearing features will be determined by the geological, hydrological and climatic factors.

Key Concepts, examples, and related FEPs

Weatheredaquifer Fractured aquifer Descriptionofaquifersin repositoryregion
Sandy aquifer

Applicationto WMAA-AX: Relevant.

Potentially deleterious FEP: Uncertainties in aquifer properties may lead to mischaracterization ofthe aquifer safety function.

Lakes, rivers, streams and springs 2.3.04

Definition: FEPs related to the characteristics of terrestrial surface water bodies and their evolution.

Comment: Streams, rivers and lakes oftenact asboundaries onthe hydrogeological system. Theyusually representa significantsource ofdilution for materials (including)
radionuclides entering these systems, but in hot dry environments, where evaporation dominates, concentration is possible.

Key Concepts, examples, and related FEPs

Descriptionoflakes, rivers, streams andsprings in therepository region
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Application to WMA A-AX: Not relevant owing to the DOE Order 435.1 assessment point, which is also assumed for the chemical impacts analysis. Discharges to the
ColumbiaRiver areexcludedfromthe analysis. However, the Columbia exerts anindirectinfluence on thesystemthroughits influence on theaquifer gradient.

Potentially deleterious FEP: Notapplicable.

Coastal features 2.3.05

Definition: FEPs related to the characteristics of coasts and the nearshore, andtheirevolution. Coastal features include headlands, bays, beaches, spits, cliffs and estuaries.

Comment: The processes operating on these features, e.g., active erosion, deposition, longshore transport, determine the development of the system and may represent a
significant mechanismfor dilutionor accumulation of materials (including radionuclides) entering the system.

Key Concepts, examples, and related FEPs

Descriptionofthe coastal features in the repository Coastal surge Temperature change

region Storm Recharge

Headlands, Bays, Beaches, Spits Tsunami Bed-load processes

Cliffs, Estuaries Groundwaterdischarge to estuary, shore Flooding

Coastal erosion Bioturbation Plant/animal uptake/metabolism

Salineintrusion Tidal currents Sand dune encroachment

Salinitychanges Seaspray Coastal currents

Sedimentation Behaviour of coastal waters and marine sediment Descriptionofcoastalfeatures invicinity of repository
Resuspension Estuarine changes Beach development

Volatilisation

Applicationto WMAA-AX: Notrelevant.

Potentially deleterious FEP: Notapplicable.

Marine features 2.3.06

Definition: FEPs related to the characteristics of seas and oceans, including the seabed, and theirevolution. Marine features include oceans, oceantrenches, shallow seas,
and inland seas.

Comment: Processes operatingon thesefeaturessuchas erosion, deposition, thermal stratification and salinity gradients, determinethe development ofthe system and may
representa significant mechanismfor dilution or accumulation of materials (including radionuclides) entering the system.
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Key Concepts, examples, and related FEPs

Ocean trenches, shallowseas
Inland seas, Oceans
Sedimentation

Resuspension

Volatilisation

Tidal currents

Marine currents

Marine sedimenttransportanddeposition
Groundwaterdischarge towards sea
Seaspray

Sediment transport

Seacurrents

Temperature change

Verticalmixing andisolation

Salinitychanges

Plant/animal uptake/metabolism

Bed-load processes

Descriptionofmarine featuresin vicinity of repository
Recharge

Applicationto WMAA-AX: Notrelevant.
Potentially deleterious FEP: Notapplicable.

Atmosphere

2.3.07

Definition: FEPs related to the characteristics of the atmosphere, including capacity for transport, and their evolution.

Comment:

Key Concepts, examples, and related FEPs

Physicaltransport of gases

Chemical and photochemical reactions

Aerosols and dust in the atmosphere

Applicationto WMA A-AX: Relevant to the performance objectives in DOE Order 435.1 but have limited influence on theimpacts to groundwater in the chemical impacts
analysis. Effects ofatmosphericFEPs are alsorelevant in a stylized way through theinfiltration rate.

Potentially deleterious FEP: Noneidentified.

Vegetation 2.3.08

Definition: FEPs related to the characteristics ofterrestrialand aquatic vegetation both as individual plants and in mass, and their evolution.

Comment:

Key Concepts, examples, and related FEPs

Chemical changes caused by plants Descriptionofthe vegetation invicinity of repository
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Applicationto WMAA-AX: Relevant to the estimationofrecharge.

Potentially deleterious FEP: Potential changes to vegetation may affect cover infiltration safety function (considered in sensitivity and uncertainty analysis).

Animal populations 2.3.09

Definition: FEPs related to the characteristics ofthe terrestrialand aquatic animals bothas individual animals and as populations, and their evolution.

Comment:

Key Concepts, examples, and related FEPs

Animal diets External contamination ofanimals Descriptionofthe animal population invicinity of repository

Application to WMA A-AX: Relevant. The effects of native animal populations are embedded in the assumptions regarding cover performance and general infiltration
rates. Historicrecharge dataconsidersvery longtime frameswith varying climate.

Potentially deleterious FEP: Noneidentified.

Meteorology 2.3.10

Definition: FEPs related to the characteristics of weather and climate, and their evolution.

Comment: Meteorology is characterized by precipitation, temperature, pressure and wind speedand direction. The variability in meteorology should be included so that
extreme events suchas drought, flooding, storms and snowmelt are identified.

Key Concepts, examples, and related FEPs

Rainfall Climate fluctuation Hurricanes

Snowfall Dew-freezing cycles High rainfall / Flooding
Floodingrelatedto high precipitation Wet-dry cycles Temperature
Stormsrelatedto strongwinds Seasonality Tsunamis

Applicationto WMAA-AX: Relevant to the estimation ofrecharge.

Potentially deleterious FEP: Potential changes to climate thatmay affect infiltration safety function are considered in sensitivityand uncertainty analysis.

Hydrological regime andwater balance (near-surface) 2.3.11

Definition: FEPs related to near-surface hydrology at a catchment scale andalso soil water balance, and their evolution.
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Comment: The hydrological regime is a description of the movement of water through the surface and near-surface environment. It includes the movement of materials
associatedwith the water such as sediments and particulate. Extremessuchas drought, flooding, storms and snowmelt may be relevant.

Key Concepts, examples, and related FEPs

Surface runoffto marines/estuaries Groundwaterdischarge to surface water, soils, estuaries/marines Change in lake or reservoir levels
River flow to marines/estuaries Water discharge/recharge processes that effecting radionuclide content Alkali flats

Evaporation Streamsilting Streamandriver flowchanges
Evapotranspiration River meander

Infiltration Streamflow

Applicationto WMAA-AX: Relevant to the estimation ofrecharge.

Potentially deleterious FEP: Potential changes in surface conditions thatmay affect infiltrationsafety function are considered in sensitivity and uncertainty analysis.

Erosion and deposition 2.3.12

Definition: FEPs related to all the erosionaland depositional processes that operate in the surface environment, and their evolution.

Comment: Relevant processes may include fluvial and glacial erosion and deposition, denudation, eolian erosion and deposition. These processes will be controlled by
factorssuch asthe climate, vegetation, topography and geomorphology.

Key Concepts, examples, and related FEPs

Deposition Coastal erosion due to rise andfall of lea level (Greenhouse effect) Erosion by waveaction, landslides or rockfalls
Wind erosionrelated to storms Landsliding (instigate mechanical processes) Agriculture erosion

Erosion relatedto flooding Erosion (instigate mechanical processes) Erosion ofcover

Erosion relatedto glaciation Weathering

Applicationto WMAA-AX: Relevant to the estimation ofrecharge.

Potentially deleterious FEP: Potential changes in surface conditions thatmay affect infiltration safety function are considered in sensitivity and uncertainty analysis.

Ecological/biological/microbial systems 2.3.13

Definition: FEPs related to living organisms andrelations between populations ofanimals, plantsand their evolution.
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Comment: Characteristics ofthe ecological systeminclude the vegetation regime, and natural cycles such as forest fires or flash floods that influence the development of
the ecology. The plantand animal populations occupying the surface environment are an intrinsic component of its ecology. The wide range of processes that define the

ecological system regulates their behaviour and populationdynamics. Human activities havesignificantlyaltered thenatural ecology of most environments.

Key Concepts, examples, and related FEPs

Ecologicalandbiological features Chemical changes caused by micro-organisms Chemical changes caused by plants

Applicationto WMAA-AX: Relevant to the estimationofrecharge.

Potentially deleterious FEP: Potential changesin ecology that may affect infiltration safety function are considered in sensitivityand uncertainty analysis.

Animal/Plantintrusion

2.3.14

Definition: Animal and plant intrusion leadingto vault ortrenchdisruption.

Comment:

Key Concepts, examples, and related FEPs

Seeds Root intrusion (instigate mechanical processes) Animal intrusion (instigate mechanical processes)

Burrowinganimals Bio-intrusion by plantsandanimals

Applicationto WMAA-AX: Notrelevant. Precludedby depth ofdisposal. Consideredin barrier designandtesting.

Potentially deleterious FEP: Notapplicable.

HUMAN BEHAVIOUR

2.4

Definition: The habitsandcharacteristics ofthe individuals or populations, e.g., critical groups, to whomexposures are calculated, not including intrusive or other activities

which will have an impact on the performanceofthe engineered or geological barriers, see 1.4.

Comment: "Human Behaviour (passive)" is a sub-category inthe International FEP List and isdividedinto individual FEPs.

Human characteristics (physiology, metabolism)

2.4.01

Definition: FEPs related to characteristics, e.g., physiology, metabolism, of individual humans.

Comment: Physiologyrefersto body and organ formand function. Metabolism refers to the chemicalandbiochemical reactions, whichoccur withinan organism, or part

of an organism, in connection with the production and use ofenergy.
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Key Concepts, examples, and related FEPs

Physiological and metabolism description of humans thatwill be the subject ofthe assessment

Applicationto WMA A-AX: Relevanttodose factorsandhazardindices. Addressedin DOE orders and standards (DOE-STD-1196-2011) and RCRAclosure requirements
for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Adults, children, infants and other variations 2.4.02

Definition: FEPs related to considerations of variability, in individual humans, of physiology, metabolismand habits.

Comment: Children and infants, although similar to adults, often have characteristic differences, e.g., metabolism, respiratory rates, habits (e.g., pica, ingestion of soil)
which may lead todifferent exposure characteristics.

Key Concepts, examples, and related FEPs

None

Application toWMA A-AX: Relevanttodose factorsandhazardindices. Addressedin DOE orders and standards (DOE-STD-1196-2011) andRCRA closure requirements
for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Dietand fluid intake 2.4.03

Definition: FEPs related to intake of food and water by individual humans and the compositions and origin of intake.

Comment: The humandietrefersto the range offood products consumed by humans.

Key Concepts, examples, and related FEPs

Diet Descriptionofthe human dietand assumptions regarding quantitiesivolume

Applicafion to WMAA-AX: Relevant to exposure factors for DOE Order 435.1 all-pathways analysis and RCRAclosure requirements for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Habits (non-diet-related behaviour) 2.4.04

Definition: FEPs related to non-dietrelated behaviour of individual humans, including time spent in various environments, pursuit of activities and uses of materials.
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Comment: The human habits refer to thetime spentin differentenvironments in pursuitofdifferentactivitiesand other uses of materials. Agricultural practices and human
factorssuch asculture, religion, economics andtechnology will influence the diet and habits. Smoking, ploughing, fishing, and swimmingare examples of behaviour that
might give riseto particular modes of exposureto environmental contaminants.

Key Concepts, examples, and related FEPs

Human habits Location ofshieldingfactors Bathing

Resource usage Impoundment of water Descriptionofhumanhabits and behaviour
Storage of products Fishing/fish farming Airfiltration

Ventilation

Applicationto WMAA-AX: Relevant to exposure factors for DOE Order 435.1 all-pathways analysisandRCRAclosure requirements for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Community characteristics 2.4.05

Definition: FEPs related to characteristics, behaviourand lifestyle of groups of humans that might be considered as target groups in an assessment.

Comment: Relevant characteristics might be the size of a group and degree of self-sufficiency in food stuffs/diet. For example, hunter/gathering describes a subsistence
lifestyle employed bynomadicor semi-nomadicgroups who roam relatively large areas of land hunting wild game and/or fish, and gathering native fruits, berries, roots and
nuts, to obtaintheir dietary requirements.

Key Concepts, examples, and related FEPs

Demographic changes General humansociety description

Applicationto WMAA-AX: Addressedin DOE Order 435.1 guidance and RCRA closure requirements for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Food and water processing andpreparation 2.4.06

Definition: FEPs related to treatment of foodstuffs and water between raw origin and consumption.

Comment: Onceacrop isharvestedor an animalslaughtered it may be subject to a variety ofstorage, processingand preparational activities prior to human or livestock

consumption. Thesemay changethe radionuclide distributionand/orcontentofthe product. Forexample, radioactivedecayduring storage, chemical processing, washing
losses and cooking losses during food preparation.

Water sources may be treated prior to humanor livestock consumption, e.g., chemical treatment and/or filtration.
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Key Concepts, examples, and related FEPs

Water filtration Food processing

Applicationto WMAA-AX: Relevant to exposure factors for DOE Order 435.1all-pathways analysisand RCRAclosure requirements for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Dwellings 2.4.07

Definition: FEPs related to houses orother structures or shelter in which humans spend time.

Comment: Dwellings arethestructures which humans live in. The materials used intheir constructionandtheir location may be significant factors for determining potential

radionuclide exposure pathways.

Key Concepts, examples, and related FEPs

Constructionofbuildings, houses Ventilation Location andshielding factors

Site occupation

Applicationto WMAA-AX: Relevant to exposure factors for DOE Order 435.1all-pathways analysisand RCRAclosure requirements for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Wild and natural land and water use 2.4.08

Definition: FEPs related to use of natural or semi-natural tracts of land and water such as forest, bush and lakes.

Comment: Specialfoodstuffs and resources may be gathered fromnatural land and water, which may leadto significant modes ofexposure.

Key Concepts, examples, and related FEPs

Natural and semi-natural environments

Applicationto WMAA-AX: Relevant to exposure factors for DOE Order 435.1 all-pathways analysisandRCRAclosure requirements for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Rural and agricultural landand water use (incl. fisheries) 2.4.09

Definition: FEPs related to use of permanently or sporadically agriculturally managed land and managed fisheries.
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Comment: An important set of processes are those related to agricultural practices, their effects on land form, hydrology and natural ecology, and also their impact in
determining uptake through food chains and other exposure paths.

Key Concepts, examples, and related FEPs

Use ofland for agriculture Land use change Fishing/ fish farming in estuaries/marines

Ploughing Fertilization

Applicationto WMAA-AX: Relevant to exposure factors for DOE Order 435.1all-pathways analysisandRCRAclosure requirements for hazardous constituents.

Potentially deleterious FEP: Notapplicable.

Urban and industrial land and water use 2.4.10

Definition: FEPs related to urban and industrial developments, including transport, andtheir effects on hydrology and potential contaminant pathways.

Comment: Humanpopulations are concentrated in urbanareas in modernsocieties. Significantareas oflandmay bedevotedto industrial activities. Water resources may
be diverted over considerable distances to serve urbanand/or industrial requirements.

Key Concepts, examples, and related FEPs

Waterworks Water extractionthroughwells De-salination ofwater
Urban and industrial environments Water extractionforirrigation Human water extraction

Application to WMA A-AX: Notrelevant toanalyses conductedfor exposures under DOE Order 435.1 all-pathways analysis andRCRA closure requirements for hazardous
constituents. Subsistence farmer scenario is more conservative.

Potentially deleterious FEP: Notapplicable.

Leisure and other uses of environment 2.4.11

Definition: FEPs related to leisure activities, the effects on the surface environment and implications for contaminantexposure pathways.

Comment: Significant areas ofland, water,and coastal areas may be devoted to leisure activities, e.g., water bodies for recreational uses, mountainsiwilderness areas for
hikingandcampingactivities.

Key Concepts, examples, and related FEPs

Recreational land use Impoundment of water for bathing Beach development
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Applicationto WMA A-AX: Notrelevant toanalyses conducted for exposures under DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous
constituents. Subsistence farmer scenario ismore conservative.

Potentially deleterious FEP: Notapplicable.

RADIONUCLIDE/CONTAMINANT FACTORS 3

Definition: FEPs that take place in the disposal systemdomain that directly affect the release and migration of radionuclides and other contaminants, or directly affect the
dose to members of a critical group fromgiven concentrations of radiotoxic and chemotoxic species in environmental media.

Comment: "Disposal System Domain: Radionuclide Factors™ isa categoryin the International FEP List and is divided into sub-categories.

CONTAMINANT CHARACTERISTICS 3.1

Definition: The characteristics of the radiotoxic and chemotoxic species that might be considered in a post-closure safety assessment.

Comment: "Contaminant Characteristics™ is a sub-category in the International FEP List and is divided into individual FEPs.

Radioactive decay and in-growth 3.1.01

Definition: Radioactivity is the spontaneous disintegration ofan unstable atomic nucleus resulting in the emission of sub-atomic particles. Radioactive isotopes are known
as radionuclides. Where a parent radionuclide decaysto a daughter radionuclideso that the population of the daughter radionuclide increases this is known as in-growth.

Comment: In post-closure assessmentmodels, radioactive decay chains areoftensimplified, e.g., by neglecting theshorter-lived radionuclides in transport calculations, or
adding dose contributions fromshorter-lived radionuclides to dose factors for the longer-lived parent in dose calculations.

Key Concepts, examples, and related FEPs

Productionofaqueous progeny Radon emanation

Applicationto WMAA-AX: Relevant to the PA but not relevant to this impacts analysis which focuses onnon-radioactive chemicals.

Potentially deleterious FEP: Notapplicable.

Chemical/organic toxin stability 3.1.02

Definition: FEPs related to chemical stability of chemotoxic species.

Comment:
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Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Relevant.
Potentially deleterious FEP: Notapplicable.

Inorganic solids/solutes 3.1.03

Definition: FEPs related to the characteristics of inorganic solids/solutes that may be considered.

Comment:

Key Concepts, examples, and related FEPs

Source terms content

Applicationto WMAA-AX: Relevant.
Potentially deleterious FEP: Noneidentified.

Volatiles and potential for wolatility 3.1.04

Definition: FEPs related to the characteristics of radiotoxic and chemotoxic species that are volatile or have the potential for volatility in repository or environmental
conditions.

Comment: Some radionuclides may be isotopes ofgaseous elements (e.g., Kr isotopes) or may formvolatile compounds. Gaseous radionuclides or species may arise from
chemical or biochemical reactions, e.g., metal corrosionto yield hydrogengasand microbial degradation of organicmaterial to yield methaneand carbon dioxide.

Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Relevant to this impacts analysis through inhalation of contaminated water vapor.

Potentially deleterious FEP: Notapplicable.

Organics andpotential for organic forms 3.1.05

Definition: FEPs related to the characteristics of radiotoxic and chemotoxic species that are organic or have the potential to form organics in repository or environmental
conditions.
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Comment:

Key Concepts, examples, and related FEPs

Source termcontent

Applicationto WMAA-AX: Relevant, but concentrations oforganicspecies inresidual waste are lowandtheir effects have beenscreened out.

Potentially deleterious FEP: Notapplicable.

Noble gases 3.1.06

Definition: FEPs related to the characteristics of noble gases.

Comment: Radonandthoron arespecial cases, see FEP 3.3.08.

Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Notrelevant.
Potentially deleterious FEP: Notapplicable.

CONTAMINANT RELEASE/MIGRATION FACTORS 3.2

Definition: The processes thatdirectly affectthe releaseand/or migration of radionuclides in the disposal systemdomain.

Comment: "Release/Migration Factors"is a sub-categoryin the International FEP List andis divided into individual FEPs.

Dissolution, precipitation and crystallisation, contaminant 3.2.01

Definition: FEPs related to the dissolution, precipitationand crystallisation of radiotoxic and chemotoxic species under repository or environmental conditions.

Comment: Dissolutionisthe process by which constituents ofa solid dissolveintosolution. Precipitationandcrystallisation are processes by which solids are formed out
of liquids. Precipitationoccurswhen chemical species in solutionreact to produce a solidthat does not remainin solution. Crystallisation isthe process of producing pure
crystalsofan element, molecule or mineral froma fluid or solution undergoing a cooling process.
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Key Concepts, examples, and related FEPs

Chemical reactions caused bydissolutionand precipitation of radionuclides Caused by chemical interaction of backfillwith pore water
Change in mineralization Caused by chemical interaction of non-radioactive waste with radioactive waste
Caused by chemical interaction of vault material with pore water Caused by a change in temperature

Applicationto WMAA-AX: Relevant.
Potentially deleterious FEP: Potential rapidwaste dissolution may affect the safety function ofthe waste dissolution (considered in sensitivity and uncertainty analysis).

Speciation and solubility, contaminant 3.2.02

Definition: FEPs related to the chemical speciation and solubility of radiotoxic and chemotoxic species in repository orenvironmental conditions.

Comment: The solubility ofa substance in aqueoussolution isan expressionofthe degreeto whichit dissolves. Factors suchastemperatureand pressureaffect solubility,
as dothe pHand redox conditions. These factors affect the chemical formand speciation ofthe substance. Thus, different species ofthe same element may have different
solubilitiesin a particular solution. Porewater and groundwater speciation andsolubility arevery importantfactors affecting the behaviour and transportofradionuclides.

Key Concepts, examples, and related FEPs

Speciesequilibriumchange caused by changein Solubility change caused by changein temperature Solubility change caused by chemical interaction
temperature Solubility betweenwaste and pore water

Applicationto WMAA-AX: Relevant to chemical behaviour of contaminants in residual waste.

Potentially deleterious FEP: Uncertainties in chemical behaviour may affect the chemical safety functions.

Sorption/desorption processes, contaminant 3.2.03

Definition: FEPs related to sorption/desorption of radiotoxic and chemotoxic species in repository or environmental conditions.

Comment: Sorption describes the physico-chemical interaction of dissolved species with a solid phase. Desorption is the opposite effect. Sorption processes are very
important for determining the transport of radionuclides in groundwater. Sorption isoften described by a simple partition constant (Kq), whichisthe ratio ofsolid phase
radionuclide concentration to that in solution. Thisassumes that sorption is reversible, reaches equilibrium rapidly, andis independent of variations in water chemistryor
mineralogy along the flow path, the solid-water ratio, or concentrations of other species. More sophisticated approaches involve the use ofsorptionisotherms.
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Key Concepts, examples, and related FEPs

Sorption Effect of sorption Caused by chemical interaction ofnon-radioactive

Chemical reactions caused byadsorption or desorption Caused by chemical interaction of wastewith pore waste withradioactivewaste

Anion exclusion effects water Sorptionchangecaused by changein temperature

Applicationto WMAA-AX: Relevant to chemical behaviour of contaminants in residual waste.

Potentially deleterious FEP: Uncertainties in chemical behaviour may affect the chemical safety functions (different release assumptions are considered in the sensitivity
and uncertainty analysis).

Colloids, contaminant interactions andtransport with 3.2.04

Definition: FEPs related to the transportofcolloids and interaction of radiotoxic and chemotoxic species with colloids in repository or environmental conditions.

Comment: Colloids are particlesin the nanometre to micrometre size range which can form stable suspensions in a liquid phase. Metastable solid phases are unstable

thermodynamically butexist due totheveryslowkinetics oftheir alterationintomore stable products. Colloids arepresent ingroundwaterandmay alsobe produced during
degradation ofthe wastes or engineered barrier materials.

Colloidsmay influence radionuclide transport ina varietyofways: retarding transportby sorption ofaqueous radionuclide speciesandsubsequent filtration, or enhancing
transport by sorptionandtransport with flowing groundwater.

Key Concepts, examples, and related FEPs

Colloid formation Caused by chemical interaction of backfillwith pore water Caused by chemical interaction of
non-radioactive waste with

Caused by chemical interaction of wastewith pore water Colloid transport radioactive waste

Application to WMA A-AX: Potentially relevant to transport behaviour of contaminants, but considered unlikely to play a role in this environment (DOE/ORP-2008-01,
page 22-12).

Potentially deleterious FEP: Notapplicable.

Chemical/complexing agents, effects on contaminant speciation/transport 3.2.05

Definition: FEPs related to the modification of speciation or transport of radiotoxic and chemotoxic species in repository or environmental conditions due to association
with chemical and complexing agents.
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Comment: This FEPrefersto anychemicalagentsthatare present inthe repository systemandtheeffects thatthey may have onthe releaseand migration of radionuclides
from the repository environment. Chemical agents may be present in thewastes or in repository materials or introduced, e.g., fromspillage during repository construction
and operation, e.g., oil, hydraulic fluids, organic solvents. Chemical agents may be used during construction and operation, e.g., in drilling fluids, as additives to cements
and grouts, etc.

Key Concepts, examples, and related FEPs

Effects of chelating agents Caused by chemical interaction of non-radioactive waste with radioactive waste
Caused by chemical interaction of wastewith pore water Microbial
Caused by chemical interaction of backfill with pore water

Applicationto WMAA-AX: Potentially relevant to chemicalsafetyfunctions, but of minimal effect owingto low concentrations of organic material in residual waste.

Potentially deleterious FEP: Potential for decrease in chemical safetyfunctions.

Microbial/biological/plant-mediated processes, contaminant 3.2.06

Definition: FEPs related to the modification of speciationor phase change due to microbial/biological/plant activity.

Comment: Microbial activitymay facilitate chemical transformations ofvarious kinds.

Key Concepts, examples, and related FEPs

Microbial-enhanced mobility

Application to WMA A-AX: Potentially relevant to chemical safety functions, but of minimal effect owing to low concentrations of organic material providing negligible
energy source for microbes.

Potentially deleterious FEP: Potential for decrease in chemical safetyfunctions. Uncertainties in sorptionare addressed in sensitivity and uncertainty analyses.

Water-mediated transportof contaminants 3.2.07

Definition: FEPs related to transport of radiotoxic and chemotoxic species in groundwater and surface water in aqueous phase andas sediments in surface water bodies.

Comment: Water-mediatedtransport of radionuclides includes all processes leading to transportofradionuclides in water. Radionuclides may travel in water as aqueous
solutes (including dissolved gases), associated with colloids (see FEP 3.2.04) or, ifflow conditions permit, with larger particulates/sediments.
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Key Concepts, examples, and related FEPs

Multiphasetransport processes Advection, i.e., movement with the bulk movement ofthe Percolation, i.e., movement ofthe fluid under gravity

Surface water agueous transport fluid (in fractures, failed joints and matrix) Transportprocesses between surface water and porous
Molecular diffusion, i.e., random movement of individual media

Transportby surface runoff atoms or molecules within the fluid Isotopicdilution
Transportin water bodies P

Dispersion,i.e.,the spread of spatial distribution withtime

Percolation due to differential advection Mass dilution
Capillaryrise Matrix diffusion, i.e., the diffusionor micro-advection of Dischargeofradionuclidesto sea
solute/colloids etc. into non-flowing pores Fracture-matrixinteraction
Groundwatertransport _
i . Transportofcolloids Dischargeofradionuclides to foreshore
Infiltration

Dual flow systems Transportofsuspended sediment

Applicationto WMAA-AX: Relevant and addressed inthe performance assessmentand impacts analysis.

Potentially deleterious FEP: Notapplicable.

Solid-mediated transport of contaminants 3.2.08

Definition: FEPs related to transport of radiotoxic and chemotoxic species in solid phase; for example, large-scale movements of sediments, landslide, solifluction and
volcanic activity.

Comment:

Key Concepts, examples, and related FEPs

Resuspension/deposition Transportby suspended sediments (sedimentation) Solid phase transport by water
Landslides Erosion Wet deposition

Rock falls Solid material release Washout

Rain splash

Applicationto WMAA-AX: Notrelevantowingto depth ofdisposal andfacility stability.

Potentially deleterious FEP: Notapplicable.
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Gas-mediated transport of contaminants 3.2.09

Definition: FEPs related to transport of radiotoxic and chemotoxic species in gas or vapour phase or as fine particulate or aerosol in gas or vapour.

Comment: Radioactive gases may be generated fromthe wastes, e.g., C-14-labelled carbon dioxide or methane. Radioactive aerosols or particulates may be transported
along with non-radioactive gases, or gases may expel contaminated groundwater ahead ofthem.

Key Concepts, examples, and related FEPs

Gasmediatedwater flow Gasphase processes Barometric pumping
Gaseousrelease Diffusion Overpressurization
Atmosphericgas transport Atmosphericaerosol transport

Applicationto WMAA-AX: Relevant, but gas, vapor or particulate releases assumedto be negligible; no hazardous gasses identified.

Potentially deleterious FEP: Noneidentified.

Atmospheric transport of contaminants 3.2.10

Definition: FEPs related to transport of radiotoxic and chemotoxic species in the air as gas, vapour, fine particulate or aerosol.

Comment: Radionuclides may enter the atmosphere from the surface environment as a result of a variety of processes including transpiration, suspension of radioactive
dustsand particulates or as aerosols. The atmospheric system may represent a significantsource ofdilution for these radionuclides. It may also provide exposure pathways,
e.g., inhalation, immersion.

Key Concepts, examples, and related FEPs

Sea spray Aerosol transport due to waves, wind

Applicationto WMAA-AX: Relevant, but gas, vapor or particulate releases assumedto be negligible; no hazardous gasses identified.

Potentially deleterious FEP: Noneidentified.

Animal, plant and microbe mediated transport of contaminants 3.2.11

Definition: FEPs related to transport of radiotoxic and chemotoxic species as a result of animal, plant and microbial activity.

Comment: Burrowing animals, deep rooting species and movementofcontaminated microbes are included.
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Key Concepts, examples, and related FEPs

Dischargeofradionuclidesto soil layer (biotic intrusion) Transportmediated by floraandfauna Bioturbation

Animal/Plant intrusion Uptakeanddesorption Intakeandemissionby animals

Applicationto WMA A-AX: Not relevant owing to depth ofdisposal and facilitydesign exceptthe potential for microbiallymediated transport. Microbes have a potential
effect on chemical safety functions (changes in sorption) but theseare expectedto besmall owing to small concentrations ofenergysources for microbes in the vadose zone.

Potentially deleterious FEP: Potential changes to chemical safety functions.

Human-action-mediated transportof contaminants 3.2.12

Definition: FEPs related to transport of radiotoxic and chemotoxic species as a direct result of humanactions.

Comment: Human-action-mediated transport of contaminants includes processes suchasdrilling into orexcavation of the repository, the dredging of contaminated sediments
from lakes, rivers and estuaries and placing themon land. Earthworks and damconstructionmay result in the significant movement ofsolid material from one part ofthe
biosphereto another. Ploughing results in the mixing ofthe top layer ofagricultural soil, usually onan annual basis.

Key Concepts, examples, and related FEPs

Dredgingofsediments Ploughing Water abstraction

Applicationto WMAA-AX: NotRelevant owing to depth ofdisposal andfacility design.
Potentially deleterious FEP: Noneidentified.

Foodchains, uptake of contaminants in 3.2.13

Definition: FEPs related to incorporation of radiotoxic and chemotoxic species into plant oranimal species thatare part of the possible eventual food chain to humans.

Comment: Plants may become contaminated either asa resultofdirectdeposition of radionuclides ontotheirsurfaces or indirectlyas a result of uptake from contaminated
soils or water via the roots. Animals may become contaminated with radionuclides as a result of ingesting contaminated plants, or directly as a result of ingesting
contaminatedsoils, sediments and water sources, or via inhalation of contaminated particulates, aerosols or gases.

Key Concepts, examples, and related FEPs

Plant/animal uptake in a marine/estuarine Cropsand natural and semi-naturalflora and fauna Internaltransfer of radionuclides withinanimals

External contamination ofanimals

Applicationto WMAA-AX: Relevant for the exposure pathways evaluated in the PA but not for the RCRA closure requirements for hazardous constituents.

Potentially deleterious FEP: Noneidentified.
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EXPOSURE FACTORS 3.3

Definition: Processes and conditions that directly affect the dose to members of the critical group, fromgiven concentrations of radionuclides in environmental media.

Comment: Exposure Factors"isa sub-categoryin the International FEP Listandisdivided intoindividual FEPs.

Drinking water, foodstuffs and drugs, contaminant concentrations in 3.3.01

Definition: FEPs related to the presence of radiotoxic and chemotoxic species in drinking water, foodstuffs or drugs thatmay be consumed by human.

Comment:

Key Concepts, examples, and related FEPs

Internaltransfer of radionuclides withinanimals Cropsand natural and semi-naturalflora and fauna

Applicafion to WMAA-AX: Relevant to and considered inEPA Tap Water exposure scenario (drinking water only).

Potentially deleterious FEP: Noneidentified.

Environmental media, contaminant concentrations in 3.3.02

Definition: FEPs related to the presence of radiotoxic and chemotoxic species in environmental media other thandrinking water, foodstuffs ordrugs.

Comment: The comparison of calculated contaminant concentrations in environmental mediawith naturally-occurring concentrations of similarspecies or speciesof similar
toxic potential may providealternative or additional criteriafor assessmentless dependent onassumptions ofhumanbehaviour.

Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Notrelevant.
Potentially deleterious FEP: Noneidentified.

Non-food products, contaminant concentrations in 3.3.03

Definition: FEPs related to the presence of radiotoxic and chemotoxic species in human manufactured materials or environmental materials that have special uses,
e.g., clothing, building materials, peat.
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Comment: Contaminants may be concentrated in non-food products to which humans are exposed. For example, buildingmaterials, natural fibres or animal skins used in
clothing, andtheuse ofpeat for fuel.

Key Concepts, examples, and related FEPs

None

Applicafion to WMAA-AX: Notrelevantto DOE Order 435.1 exposure scenarios or RCRA closure requirements for hazardous consfituents.

Potentially deleterious FEP: Notapplicable.

Exposure modes 3.3.04

Definition: FEPs related to the exposure of man (or other organisms) to radiotoxic and chemotoxic species.

Comment:

Key Concepts, examples, and related FEPs

Direct radiation fromairbome plumes of radioactive materials Immersion in contaminated water bodies

Injection throughwounds Ingestion (intemal exposure) fromdrinking or eating contaminated water or foodstuffs
Cutaneous absorption of some species Inhalation (internal exposure) frominhaling gaseous or particulate radioactive materials
Externalexposurethroughwater or sediment External exposure as a result of direct irradiation from radionuclides deposited on, or present

Dermal exposure on, the ground, buildings or other objects

Applicationto WMAA-AX: Relevantto and considered inEPA Tap Water exposure scenario.

Potentially deleterious FEP: Noneidentified.

Dosimetry 3.3.05

Definition: FEPs related to the dependence between radiation or chemotoxic effect and amount and distribution of radiation or chemical agent in organs ofthe body.

Comment: Dosimetryinvolves theestimation of radiation doseto individual organs, tissues, or thewholebody, as a resultofexposureto radionuclides. The radiation dose
will depend on: the formof exposure, e.g., ingestion or inhalation of radionuclides leading to internal exposure or proximity to concentrations of radionuclides leading to
external exposure; the metabolism ofthe radioelement and physico-chemical formifinhaled or ingested, which will determine the extent to whichthe radionuclide may be
taken upand retained in body tissues; and the energy and type of radioactive emissions ofthe radionuclide whichwill affect the distribution ofenergy withintissues ofthe
body.
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Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Relevantto and considered in EPA Tap Water exposure scenario.

Potentially deleterious FEP: Noneidentified.

Radiological toxicity/effects 3.3.06

Definition: FEPs related to the effect of radiationon man orother organisms.

Comment: Radiation effectsare classified as somatic (occurring in the exposed individual), genetic (occurring in the offspring of the exposed individual), stochastic (the
probability of the effect is a function of dose received), non-stochastic (the severity of the effect is a function of dose received and no effect may be observed below some
threshold).

Key Concepts, examples, and related FEPs

None

Application to WMAA-AX: Notrelevantto this impacts analysis whichfocuses on non-radioactive chemicals.

Potentially deleterious FEP: Notapplicable.

Non-radiological toxicity/effects 3.3.07

Definition: FEPs related to the effects of chemotoxic species on man or other organisms.

Comment:

Key Concepts, examples, and related FEPs

None

Applicationto WMAA-AX: Relevantto and considered inEPA Tap Water exposure scenario.

Potentially deleterious FEP: Notapplicable.

Radon and radon daughter exposure 3.3.08

Definition: FEPs related to exposure toradonand radon daughters.
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Comment: Radon andradondaughter exposure is considered separately to exposureto other radionuclides because the behaviourofradonandits daughter, andthe modes
of exposure, are differentto other radionuclides.

Radon (Rn-222) isthe immediate daughter of radium (Ra-226). Itisanoble gaswith a half-life ofabout4 days and decaysthrougha series of very short-lived radionuclides
(radondaughters), with half-lives of 27 minutes or less, to a lead isotope (Pb-210) with a half-life of 21 years. The principal mode ofexposure isthrough the inhalation of
radon daughters attachedto dust particles, whichmay depositin the respiratory system.

Key Concepts, examples, and related FEPs

Radon emanation

Applicationto WMAA-AX: Relevant to the PA but not relevant to this impacts analysis which focuses on non-radioactive chemicals.

Potentially deleterious FEP: Noneidentified.
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APPENDIX C
TANK RESIDUAL WASTE CHARACTERISTICS

This Appendix compiles the residual waste characteristics used in the Waste Management Area
(WMA) A-AX system model.

Table C-1 presents the list of chemicals used in the model and their inventories by source.
Table C-2 presents the residual waste volumes used in the model by source.
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Table C-1. Residual Inventories Used in Waste Management Area A-AX Tap Water Scenario Calculations (kilograms).

Tanks (“241-* prefix omitted) A Farm AX Farm

Chemical Non-Tank | Non-Tank
A-101 A-102 A-103 A-104 A-105 A-106 AX-101 | AX-102 | AX-103 | AX-104 | sources | Sources

Al 4.42E+02 | 5.36E+02 | 2.40E+02 | 7.08E+03 | 8.28E+03 | 3.81E+02 | 4.18E+02 | 2.14E+02 | 3.82E+02 | 9.68E+02 | 3.11E+03 1.11E+03
B 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00
CN 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 0.00E+00
Co 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 0.00E+00
Cr 6.47E+01 | 1.13E+02 | 1.88E+01 | 1.58E+02 | 3.56E+02 | 7.21E+01 | 3.55E+01 | 9.20E+00 | 5.39E+01 | 1.06E+01 | 4.17E+02 1.25E+02
F 9.68E+00 | 3.72E+00 | 8.18E+00 | 1.92E+00 | 1.68E+01 | 3.88E+00 | 1.01E+01 | 5.34E+00 | 1.36E+01 [ 1.85E+00 | 1.74E-04 9.26E-05
Fe 7.22E+00 | 3.22E+02 | 1.20E+01 | 2.59E+04 | 1.92E+04 | 6.83E+02 | 1.05E+01 | 5.77E+02 | 1.15E+02 | 4.97E+03 | 2.20E+03 1.13E+03
Hg 3.34E-02 | 6.88E-02 | 1.86E-02 | 3.20E+01 | 2.14E+01 | 6.72E+00 | 1.11E-01 | 6.85E-01 | 1.33E-01 | 3.01E+00 | 7.47E-05 3.77E-06
Mn 2.03E+00 | 6.32E+01 | 2.06E+00 | 3.63E+03 | 6.49E+02 | 3.30E+01 | 3.93E-01 | 4.71E+01 | 1.56E+01 | 8.61E+01 | 2.37E+02 5.20E+01
Ni 3.21E+00 | 9.43E+00 | 1.86E+00 | 1.68E+03 | 1.55E+03 | 2.63E+01 | 1.20E+00 | 1.34E+01 | 6.83E+00 | 2.67E+02 | 1.64E+02 5.47E+01
NO2 1.31E+03 | 1.56E+03 | 1.13E+03 | 5.88E+03 | 3.73E+02 | 4.29E+02 | 1.38E+03 | 4.57E+02 | 1.36E+03 | 4.12E+01 | 4.08E-02 9.27E-03
NO3 2.40E+03 | 1.73E+03 | 1.59E+03 | 3.02E+02 | 9.53E+03 | 1.16E+03 | 2.56E+03 | 2.33E+03 | 1.73E+03 | 8.38E+02 | 5.04E-02 1.85E-02
Pb 3.22E+00 | 2.22E+01 | 2.22E+00 | 5.65E+01 | 1.54E+03 | 3.17E+01 | 1.47E+00 | 4.00E+01 | 9.81E+00 [ 1.70E+02 | 4.26E-04 2.02E-04
S 1.80E-01 | 9.29E-01 | 9.15E-02 | 4.21E+01 | 5.34E+01 | 3.01E+00 | 3.21E-02 | 1.05E+01 | 1.16E+00 | 1.75E+01 | 4.08E+00 5.50E+00
Se 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 0.00E+00
Sn 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 0.00E+00
TBP 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 0.00E+00
U (Total)* | 1.26E+01 | 4.53E+02 | 1.74E+01 | 1.52E+03 | 2.58E+00 | 1.71E+01 | 1.13E+01 | 4.86E+01 | 4.88E+00 | 6.02E+01 | 4.38E+02 1.74E+01

*Uranium mass calculated from the activity inventories of all uranium isotopesreportedin the sources.

Sources: RPP-CALC-62319, Residual Waste Source Inventory Term for the Waste Management Area A-AX Performance Assessment Inventory Case 1 (tank inventories);
RPP-RPT-58293, Hanford 241-A and 241-AX Farm Tank and Ancillary Equipment Residual Waste Inventory Estimates (non-tank source inventories).
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Area A-AX Tap Water Scenario Calculations.

Source Residual Waste Volume (L)? Cross-sectional Area (m?)°
Tank A-101 1.02E+04 4.10E+02
Tank A-102 1.02E+04 4.10E+02
Tank A-103 1.02E+04 4.10E+02
Tank A-104 9.30E+04 4.10E+02
Tank A-105 1.39E+05 4.10E+02
Tank A-106 1.02E+04 4.10E+02
Tank AX-101 1.02E+04 4.10E+02
Tank AX-102 1.02E+04 4.10E+02
Tank AX-103 1.02E+04 4.10E+02
Tank AX-104 1.02E+04 4.10E+02
A Non-Tank 9.66E+03 1.10E+04
AXNon-Tank 4.10E+03 6.64E+03

8T ank residual waste volumes from RPP-CALC-62319, Residual Waste Source Inventory Term for the

Waste Management Area A-AX Performance Assessment Inventory Case 1, Table 4-5. Non-tank
residual waste volumes from RPP-CALC-62319, T able 4-6.

bTank and non-tank cross-sectional area from RPP-RPT-60885, Model Package Report System Model

for the WMA A-AX Performance Assessment, Section 3.2.2.

C-3
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APPENDIX D

PARAMETERS AND VALUES USED IN THE WASTE MANAGEMENT AREA A-AX
SYSTEM MODEL

This Appendix compiles the parameters in the Waste Management Area (WMA) A-AX system
model and the values used for those parameters arranged by topic.

Table D-1 contains single parameters (i.e., not tables of values) used in the WMA A-AX system
model.

Inventory and waste volume are reported in Appendix C.

Distribution coefficients are reported in Appendix E.

Exposure factor parameters are reported in Appendices F and G.

The system model contains parameters for other scenarios that are not discussed in the chemical
impacts analysis that is evaluated using the EPA Tap Water scenario and therefore are not
reported in these Appendices. In addition, these appendices only document the deterministic

values used in the chemical impacts analysis; the listed values do not include the uncertainty for
each parameter.

D-1
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Table D-1. Parameters Used in the Waste Management Area A-AX System Model. (4 sheets)

Parameter

| Value |Units |

GoldSim® Element Name

Reference

Source Termand Engineered Features

Bulk density of concrete base slab layer 241 g/cm? Grout_Bulk_Density RPP-RPT-50934
Bulk density of intact grout 1.8 g/cm? Grout_Bulk_Density_Intact WSRC-STI-2007-00369
Diameter of tanks (241-A Tank Farm) 75 ft Diameter_A_Series_Tank RPP-RPT-58693
Diameter of tanks (241-AX Tank Farm) 75 ft Diameter AX_Series_Tank RPP-RPT-58693
Pipeline diameter 3 in Pipe_Diameter RPP-RPT-58293
Tankbase slabthickness (241-A Tank Farm) 8 in Base Slab_Thickness_ A Tank | RPP-RPT-58693
Tankbase slabthickness (241-A Tank Farm) 175 in Base Slab_Thickness AX Tank | RPP-RPT-58693
Porosity in degraded tank 0.384 —* Porosity_Deg_Tank —
Porosity of concrete base slab layer 0.11 — Grout_Concrete_Porosity RPP-RPT-58693
Porosity of intactgrout 0.269 — Porosity_Intact_Tank_Grout RPP-RPT-58693
Porosity of residual waste 0.4 — Waste Porosity RPP-ENV-58782
Saturation ofan intact tank 1 — Saturation_Intact Tank RPP-RPT-58693
Saturation of concrete base slab layer 1 — Grout_Concrete_Base Sat RPP-RPT-58693
Waste Saturation 1 — Waste Sat RPP-RPT-58693
Release footprint for ancillary equipmentin 241-A Tank Farm 11,031.92 nm Base_Area_Tank[A_NonTank] | RPP-RPT-60101
Release footprint for ancillary equipmentin 241-AX Tank Farm 6640.204 nm Base_Area_Tank[AX_NonTank] | RPP-RPT-60101
Source Term Implementation
Chromium dissolved concentration limit 2,000 Mg/L Diss_Conc_Limit_Cr_Source Cantrell, etal. 2013
Effective diffusion coefficient in concrete 3E-8 cmé/s Grout_Diff Coeff Best RPP-RPT-58693
Uranium solubility limit (first 1,000 years) 1E-4 M Solubility_U_Source Cantrell, etal. 2013;
Cantrell, etal. 2011
Uranium solubility limit (rest of simulation; intact tank) 1E-6 M Solubility_U_Source Cantrell, etal. 2013;
Cantrell, etal. 2011
Uranium solubility limit (rest of simulation, degraded tank) 2E-5 M Solubility_U_Source Cantrell, et al. 2013;
Cantrell, etal. 2011
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Table D-1. Parameters Used in the Waste Management Area A-AX System Model. (4 sheets)

Parameter | Value | Units | GoldSim® Element Name | Reference
Implementation of Vadose Zone Transport Pathway

Bulk density of the backfillin 241-A TankFarm 2.15 g/cm? Soil_Bulk_Density A RPP-RPT-60885
Porosity of the backfillin 241-A Tank Farm 0.174 — Soil_Porosity A RPP-RPT-60885
Gravel content ofthe backfillin 241-A TankFarm 0.58 — Gravel Content_Backfill_A RPP-RPT-60885
Bulk density ofthe backfillin 241-AX Tank Farm 1.67 g/cm? Soil_Bulk_Density AX RPP-RPT-60885
Porosity of the backfillin 241-AX Tank Farm 0.384 — Soil_Porosity AX RPP-RPT-60885
Gravel content of the backfillin 241-AX Tank Farm 0.07 — Gravel_Content_Backfill_AX RPP-RPT-60885
Thickness ofsoil layerabove pipelines and ancillary equipment 6 m Soil_Above_Pipe_Thick RPP-RPT-60885
Thickness ofsoil layer between pipelines and tank bottoms 10 m Soil_Below_Pipe_Thick RPP-RPT-60885
Thicknessofsoil layerabove single-shell tanks 6 m Soil_Thickness RPP-RPT-60885
Bulk density ofthe Hanford formation H1 gravelly-sands 1.67 g/cm? H1 Bulk_Density RPP-RPT-60885
Porosity of the Hanford formation H1 gravelly-sands 0.384 — H1 Porosity RPP-RPT-60885
Gravel content of the Hanford formation H1 gravelly-sands 0.05 — Gravel Content H1 RPP-RPT-60885
Thicknessof H1in vadose zone underneath single-shell tanks in 3 m H1 Top_Thick A, RPP-RPT-60885
241-A TankFarm H1 Bottom Thick A
Bulk density of the Hanford formation H2 gravelly-sands 1.67 g/cm? H2_ Bulk_Density RPP-RPT-60885
Porosity of the Hanford formation H2 gravelly-sands 0.384 — H2_Porosity RPP-RPT-60885
Gravel content of the Hanford formation H2 gravelly-sands 0.05 — Gravel Content H2 RPP-RPT-60885
Thicknessof H2in vadose zone underneath single-shell tanks in 62.25 m H2_Top_Thick A, RPP-RPT-60885
241-A TankFarm H2 Middle_Thick A,

H2_Bottom_Thick_A
Thicknessof H2in vadose zone underneath single-shell tanks in 52 m H2_ Thick_ AX ato RPP-RPT-60885
241-AX Tank Farm H2_Thick AX j
Bulk density ofthe Hanford formation H3sandy gravels 2.15 g/cm? H3_Bulk_Density RPP-RPT-60885
Porosity of the Hanford formation H3sandy gravels 0.174 — H3_Porosity RPP-RPT-60885
Thicknessof H3in vadose zone underneath single-shell tanks in 15 m H3_Thick A RPP-RPT-60885
241-A TankFarm
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Table D-1. Parameters Used in the Waste Management Area A-AX System Model. (4 sheets)

Parameter Value Units GoldSim® Element Name Reference
ThicknessofH3in vadosezone underneath single-shell tanks in 13 m H3_Top_Thick_AX, RPP-RPT-60885
241-AX Tank Farm H3_Bot_Thick_ AX
Gravel content of the Hanford formation H3sandy gravels 0.66 — Gravel Content H3 RPP-RPT-60885
Bulk density of the Cold Creek Unit silts (CCUz) 1.6 g/cm? CCUz_Bulk_Density RPP-RPT-60885
Porosity ofthe Cold Creek Unit silts 0.433 — CCUz_Porosity RPP-RPT-60885
Gravel content of the Cold Creek Unit silts 0 — Gravel Content CCUz RPP-RPT-60885
Thickness of CCUz in vadosezone underneath single-shell tanks in 3 m CCUz_Thick_A RPP-RPT-60885
241-A TankFarm
Thickness of CCUz in vadosezone underneath single-shell tanks in 4 m CCUz_Thick_AX RPP-RPT-60885
241-AX Tank Farm
Bulk density ofthe Cold Creek Unit gravels (CCUg) 2.15 g/cm? CCUg_Bulk_Density RPP-RPT-60885
Porosity of the Cold Creek Unit gravels 0.174 — CCUg_Porosity RPP-RPT-60885
Gravel content of the Cold Creek Unit gravels 0.66 — Gravel Content_CCUg RPP-RPT-60885
Thickness of CCUg in vadose zone underneath single-shell tanks in 5 m CCUg_Thick A RPP-RPT-60885
241-A TankFarm
Thickness of CCUg in vadose zone underneath single-shell tanks in 3 m CCUg_Thick_AX RPP-RPT-60885
241-AX Tank Farm

Implementation of Groundwater Transport Pathway

Darcy flow rate (241-A Tank Farm) 45 myr DF_Afarm RPP-RPT-60885
Darcy flow rate (241-AX Tank Farm) 55 m/yr DF_AXfarm RPP-RPT-60885
H2 Sand unit dispersivity 0.25 m H2_Dispersivity_Best RPP-RPT-60101
Hydraulic conductivity forthe CCUg gravel 18,200 m/day KS_ZS_aIt—T fdz__é\él)gge RPP-RPT-60101
Hydraulic gradientin saturated zone 5E-6 m/m SZ_Hyd_Gradient RPP-RPT-60101
Longitudinal dispersivity in aquifer 105 m gézlt_)?snpge_rga%féggt RPP-RPT-60101
Saturated zone porosity 0.25 — SZ_Porosity RPP-RPT-60101
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Table D-1. Parameters Used in the Waste Management Area A-AX System Model. (4 sheets)

Parameter Value Units GoldSim® Element Name Reference
Averagethickness of the aquifer (water table to lower confining 13.25 m Avg_Sat_Thickness RPP-RPT-60885
layer)

Recharge

Surface barrier failure time 500 yr Surface_Barrier_Failure_Time RPP-ENV-58813
Recharge rate (intactsurfacebarrier— 0-500 years post-closure) 0.5 mm/yr | Base_Case_Recharge_Early PC | RPP-RPT-60101
Recharge rate (degraded surface barrier— 500+ years post-closure) 35 mm/yr | Base_Case Recharge Late PC | RPP-RPT-60101
*Unitless.
References:

Cantrell, K. J., K. C. Carroll, E. C. Buck, D. Neiner, K. N. Geiszler, 2013, “Single-pass flow through test elucidation of weathering behavior and evaluation of contaminant
release models for Hanford tank residual radioactive waste,” Applied Geochemistry, Vol. 28, pp. 119-127.

Cantrell, K. J., W. J. Deutsch, and M. J. Lindberg, 2011, “T hermodynamic Model for Uranium Release from Hanford Site Tank Residual Waste,” Environmental Science &
Technology, Vol. 45, No. 4, pp. 1473-1480.

RPP-ENV-58782, 2016, Performance Assessment of Waste Management Area C, Hanford Site, Washington, Rev. 0, INTERA, Inc./CH2M HILL Plateau Remediation
Company/Ramboll Environ, Inc./Washington River Protection Solutions, LLC/TecGeo, Inc., Richland, Washington.

RPP-ENV-58813, 2016, Exposure Scenarios for Risk and Performance Assessments in Tank Farms at the Hanford Site, Washington, Rev. 1, INTERA, Inc./Ramboll Environ,
Inc./Washington River Protection Solutions, LLC, Richland, Washington.

RPP-RPT-50934, 2012, Inspection and Test Report for the Removed 241-C-107 Dome Concrete, Rev. 0, Washington River Protection Solutions, LLC, Richland, Washington.

RPP-RPT-58293, 2017, Hanford 241-Aand 241-AX Farm Tank and Ancillary Equipment Residual Waste Inventory Estimates, Rev. 1, Washington River Protection Solutions,
LLC, Richland, Washington.

RPP-RPT-58693, in process, Engineered System Data Package for Waste Management Area A-AX, Rev. 0, INTERA, Inc./CH2M HILL Plateau Remediation Company/
Washington River Protection Solutions, LLC, Richland, Washington.

RPP-RPT-60101, in process, Model Package Report Flowand Contaminant Transport Numerical Model used in WMA A-AX Performance Assessmentand RCRA Closure
Analysis, Rev. 0, Washington River Protection Solutions, LLC, Richland, Washington.

RPP-RPT-60885, in process, Model Package Report System Model for the WMA A-AX Performance Assessment, Rev. 0, Washington River Protection Solutions, LLC,
Richland, Washington.

WSRC-ST 1-2007-00369, 2007, Hydraulic and Physical Properties of Tank Grouts and Base Mat Surrogate Concrete for FTF Closure, Rev. 0, Savannah River National
Laboratory, Aiken, South Carolina.
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APPENDIX E

DISTRIBUTION COEFFICIENT ESTIMATES USED IN THE WASTE MANAGEMENT
AREA A-AX IMPACTS ANALYSIS MODELS

Table E-1 gives the complete list of sand distribution coefficient (Kgy) values used in the Waste
Management Area (WMA) A-AX system model with their references. Table E-2 gives the
complete list of silt Ky values used in the WMA A-AX system model with their references.
Table E-3 gives the complete list of grout and concrete K4 values used in the WMA A-AX
system model with their references. All three tables include the minimum and maximum values
applicable to the uncertainty analysis distribution for the uncertainty analysis conducted in
RPP-ENV-61497, Preliminary Performance Assessment of Waste Management Area A-AX,
Hanford Site, Washington.

Table E-1. Distribution Coefficient Value Estimates (mL/g) for Sand in the Waste
Management Area A-AX Impacts Analysis Model. (2 sheets)

Contaminant Most Likely? |  Minimum® Maximum®© Basis
Ac 350 100 1,500 PNNL-16663 Table C.5
Al 1,500 1,500 1,500 RPP-RPT-46088
Am 600 200 2,000 PNNL-17154 Table A.4
3 3 3 RPP-RPT-46088
1 0 100 PNNL-17154 Table A.4
Cd 6.7 6.7 6.7 CLARC
Cm 350 100 1,500 PNNL-16663 Table C.5
CN 0 0 0 RPP-RPT-46088
Co 0 0 10 PNNL-17154 Table A.4
Cr 0 0 3 PNNL-17154 Table A.4
Cs 100 10 1,000 PNNL-17154 Table A.4
Eu 10 3 100 PNNL-17154 Table A.4
F 0 0 1 PNNL-17154 Table A.4
Fe 25 25 25 RPP-RPT-46088
H 0 0 0 PNNL-17154 Table A.4
Hg 52 52 100 RPENVSE782 Table86
| 0.2 0 2 PNNL-17154 Table A.4
Mn 65 65 65 RPP-RPT-46088
Nb 0 0 0.1 PNNL-16663 Table C.5
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Table E-1. Distribution Coefficient Value Estimates (mL/g) for Sand in the Waste
Management Area A-AX Impacts Analysis Model. (2 sheets)

Contaminant Most Likely? Minimum® Maximum® Basis
Ni 3 1 20 PNNL-17154 Table A.4
NO: 0 0 0.1 PNNL-17154 Table A.4
NOs 0 0 0.1 PNNL-17154 Table A.4
Np 10 2 30 PNNL-17154 Table A.4
Pa 10 2 30 Assume analogue toNp
Pb 10 3 100 PNNL-17154 Table A.4
Pu 600 200 2,000 PNNL-17154 Table A.4
Ra 10 5 20 PNNL-17154 Table A.4
Rn 0 0 O | RepENVASBTER Tablots
Se 0.1 0 3 PNNL-17154 Table A.4
Sm 10 3 100 RPP-ENV-58782 Table 8-6
Sn 0.5 0 20 PNNL-17154 Table A.4
Sr 10 5 20 PNNL-17154 Table A.4
Tri-butyl Phosphate 1.89 1.89 1.89 RPP-RPT-46088
Tc 0 0 0.1 PNNL-16663 Table C.5
Th 300 40 500 PNNL-16663 Table C.5
U 0.6 0.2 2 RPP-RPT-46088
Zr 300 40 500 PNNL-16663 Table C.5
8GoldSim® element name: Kd_Sand_Best.
bGoldSim® element name: Kd_Sand_Min.
CGoldSim® element name: Kd_Sand_Max.

References:

CLARC 2017, Cleanup Levels and Risk Calculation (CLARC), Queried 02/28/2017, [CLARC Master T able],

https://fortress.wa.gov/ecy/clarc/FocusSheets/CLARC%20Master%20Spreadsheet.xIsx.

PNNL-16663, Geochemical Processes Data Package for the Vadose Zone in the Single-Shell Tank Waste Management Areas

at the Hanford Site.

PNNL-17154, Geochemical Characterization Data Package for the Vadose Zone in the Single-Shell Tank Waste Management

Areas at the Hanford

Site.

RPP-ENV-58782, Performance Assessment of Waste Management Area C, Hanford Site, Washington.

RPP-RPT-46088, Flowand Transportin the Natural System at Waste Management Area C.

GoldSim® simulation software is copyrightedby GoldSim Technology Group LLC of Issaquah, Washington (see

http://Ammw.goldsim.com).
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Table E-2. Distribution Coefficient Value Estimates (mL/g) for Silt in the Waste
Management Area A-AX Impacts Analysis Model. (2 sheets)

Contaminant Most Likely? | Minimum® Maximum® Basis
Ac 350 100 1,500 Assumes sand fractionvalues apply
Al 1,500 1,500 1,500 Assumes sand fractionvalues apply
Am 600 200 2,000 PNNL-17154 Table A.5
B 3 3 3 Assumes sand fractionvalues apply
14 1 0 100 PNNL-17154 Table A.5
Cd 6.7 6.7 6.7 Assumes sand fractionvalues apply
Cm 350 100 1,500 Assumes sand fractionvalues apply
CN 0 0 0 Assumes sand fractionvalues apply
Co 0 0 30 PNNL-17154 Table A.5
Cr 0 0 10 PNNL-17154 Table A.5
Cs 100 30 3,000 PNNL-17154 Table A.5
Eu 30 10 300 PNNL-17154 Table A.5
F 0.05 0 1 PNNL-17154 Table A.5
Fe 25 25 25 Assumes sand fractionvalues apply
H 0 0 0 Assumes sand fractionvalues apply
Hg 52 52 100 Assumes sand fractionvalues apply
| 0.2 0 2 PNNL-17154 Table A.5
Mn 65 65 65 Assumes sand fractionvalues apply
Nb 0 0 0.1 Assumes sand fractionvalues apply
Ni 10 3 60 PNNL-17154 Table A.5
NO» 0 0 0.1 PNNL-17154 Table A.5
NOs 0 0 0.1 PNNL-17154 Table A.5
Np 10 2 50 PNNL-17154 Table A.5
Pa 10 2 50 Assume analogue toNp
Pb 30 10 300 PNNL-17154 Table A.5
Pu 600 200 2,000 PNNL-17154 Table A.5
Ra 10 5 60 PNNL-17154 Table A.5
Rn 0 0 0 Assumes sand fractionvalues apply
Se 0.3 0 10 PNNL-17154 Table A.5
Sm 10 3 100 Assumes sand fractionvalues apply
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Table E-2. Distribution Coefficient Value Estimates (mL/g) for Silt in the Waste
Management Area A-AX Impacts Analysis Model. (2 sheets)

Contaminant Most Likely? | Minimum® Maximum® Basis

Sn 15 0 60 PNNL-17154 Table A.5
Sr 10 5 60 PNNL-17154 Table A.5

Tri-butyl Phosphate 1.89 1.89 1.89 Assumes sand fractionvalues apply
Tc 0 0 0.1 Assumes sand fractionvalues apply
Th 300 40 500 Assumes sand fractionvalues apply
U 0.6 0.2 2 Assumes sand fractionvalues apply
Zr 300 40 500 Assumes sand fractionvalues apply

3GoldSim® element name: Kd_Silt_Best.

bGoldSim® element name: Kd_Silt_Min.

CGoldSim® element name: Kd_Silt_Max.

Reference: PNNL-17154
Management Areas at the

, Geochemical Characterization Data Package for the Vadose Zone in the Single-Shell Tank Waste

Hanford Site.

GoldSim® simulation software is copyrightedby GoldSim Technology Group LLC of Issaquah, Washington (see

http://Ammw.goldsim.com).

In the chemical impacts analysis the tabulated values are corrected for gravel content using
gravel content values reported in Appendix D.
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Table E-3. Distribution Coefficient Values (mL/g) for Grout/Concrete Used in the
Waste Management Area A-AX Impacts Analysis Model. (2 sheets)

Element Minimum? Best?C Maximumd Basis
Ac 30,300 100,000 330,000 NAGRA NTB 02-20
Al 0 0 0 No relevant information
Am 200 1,000 5,000 SKB R-05-75
0 0 0 No relevant information
C 10 200 4,000 SKB R-05-75
Cd 2 40 800 SKB R-05-75
Cm 200 1,000 5,000 SKB R-05-75
CN 0 0 0 No relevant information
Co 4 40 400 SKB R-05-75
Cr 0 0 0 No relevant information
Cs 01 1 10 SKB R-05-75
Eu 1,000 5,000 25,000 SKB R-05-75
F 0 0 0 No relevant information
Fe 0 0 0 No relevant information
H 0.0714 0.1 0.14 NAGRA NTB 02-20
Hg 0 0 0 No relevant information
I 0.3 3 30 SKB R-05-75
Mn 0 0 0 No relevant information
Nb 100 500 25,000 SKB R-05-75
Ni 8 40 200 SKB R-05-75
NO: 0 0 0 No relevant information
NOs; 0 0 0 No relevant information
Np 714 100 140 NAGRA NTB 02-20
Pa 714 100 140 NAGRA NTB 02-20
Pb 360 500 710 NAGRA NTB 02-20
Pu 714 100 140 NAGRA NTB 02-20
Ra 5 50 500 SKB R-05-75
Rn 0 0 0 No relevant information
Se 0.1 6 400 SKB R-05-75
Sm 1,000 5,000 25,000 SKB R-05-75
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Table E-3. Distribution Coefficient Values (mL/g) for Grout/Concrete Used in the
Waste Management Area A-AX Impacts Analysis Model. (2 sheets)

Element Minimum? Best?C Maximumd Basis
Sn 25 500 10,000 SKB R-05-75
Sr 0.5 1 50 SKB R-05-75
Tri-butyl Phosphate 0 0 0 No relevant information
Tc 0.714 1 14 NAGRA NTB 02-20
Th 1,000 30,000 1,000,000 NIROND-TR 2008-23 E
U 1,430 2,000 2,800 NAGRA NTB 02-20
Zr 3,030 10,000 33,000 NAGRA NTB 02-20

653 of 671

8GoldSim® element name: Kd_Grout_Min.
BT he best estimate value is used for deterministic calculations.
CGoldSim® element name: Kd Grout_Best.
dGoldSim® element name: Kd_Grout_Max.

References:

NAGRA NTB02-20, Cementitious Near-Field Sorption Data Base for Performance Assessment of an ILW
Repository in Opalinus Clay.

NIROND-TR 2008-23 E, Review of sorption valuesfor the cementitious near field of a near surface radioactive
waste disposal facility, Project near surface disposal of category A waste at Dessel.

SKB Rapport R-05-75, Assessment of uncertainty intervals for sorption coefficients, SFR-1 uppfdljning av SAFE.

GoldSim® simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see
http://Ammw.goldsim.com).
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APPENDIX F
TAP WATER SCENARIO PARAMETER INPUTS
This Appendix contains the non-contaminant specific EPA Tap Water scenario parameters and
the corresponding values used in the Waste Management Area A-AX impacts analysis system

model.

Contaminant-specific values are reported in Appendix G.
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Table F-1. Scenario-specific Parameters Used in the Waste Management Area A-AX Residential Tap Water Scenario

System Model.
Parameter ESq)l/Jrittlugln Value Units = frr?(la?]? Ililn;m o Reference
BExposure Frequency, Exposure Duration, and Exposure Time Variables
BExposure frequency - resident EF 350 days/year EF r RPP-ENV-58813, Rev.1, Table H-1
Bxposure duration— resident ED: 26 year ED r RPP-ENV-58813, Rev.1, Table H-1
Bxposure duration—adult resident EDr-a 20 year ED ra RPP-ENV-58813, Rev.1, Table H-1
Bxposure duration— child resident ED:-c year ED_rc RPP-ENV-58813, Rev.1, Table H-1
Immersion event frequency EV, events/day EV r RPP-ENV-58813, Rev.1, Table H-1
Resident exposure time ET, 24 hrs/day ET r RPP-ENV-58813, Rev.1, Table H-1
Carcinogenic averaging time — resident AT, 25,550 days AT ¢ RPP-ENV-58813, Rev.1, Table H-2
Noncarcinogenic averaging time — resident ATne 2,190 days AT nc RPP-ENV-58813, Rev.1, Table H-2
Inhalation and Ingestion Rates

Drinking water ingestion rate —adult resident IRW,., 25 L/day IRW _ra RPP-ENV-58813, Rev.1, Table H-1
Drinking water ingestion rate — child resident IRW,. 0.78 L/day IRW _rc RPP-ENV-58813, Rev.1, Table H-1
Immersion event time / Event duration—adult resident tr-a-event 0.71 | hours/event t_event_ra RPP-ENV-58813, Rev.1, Table H-1
Immersion event time / Event duration— child resident tr-c-event 0.54 | hours/event t_event_rc RPP-ENV-58813, Rev.1, Table H-1

Inhalation Pathway
Andelman Volatilization Factor K | o5 | um | K RPP-ENV-58813, Rev.1, Table H-1

Skin Surface AreaandDermal Absorbed Dose Variables

Skin surface area— adult resident SAra 20,900 cm? SA ra RPP-ENV-58813, Rev.1, Table H-2
Skin surface area— child resident SArc 6,378 cn? SA_rc RPP-ENV-58813, Rev.1, Table H-2
Body weight —adult BW. 80 kg BW_a RPP-ENV-58813, Rev.1, Table H-2
Body weight - child BW. 15 kg BW c RPP-ENV-58813, Rev.1, Table H-2

RPP-ENV-58813, Exposure Scenarios for Risk and Performance Assessments in Tank Farmsat the Hanford Site, Washington.

GoldSim® simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see http:/ww.goldsim.com).
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RPP-ENV-58813, 2016, Exposure Scenarios for Risk and Performance Assessments in Tank
Farms atthe Hanford Site, Washington, Rev. 1, INTERA, Inc./Ramboll Environ, Inc./
Washington River Protection Solutions, LLC, Richland, Washington.

O ~NOoO O~ WN B

F-3



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 663 of 671

RPP-ENV-62206, Rev. 0

SOOI, WN -

This page intentionally left blank.



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 664 of 671

RPP-ENV-62206, Rev. 0

APPENDIX G

CONTAMINANT-SPECIFIC EXPOSURE PATHWAY PARAMETER INPUTS USED
FOR THE TAP WATER SCENARIO

QOO N OOk WN -

=



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 665 of 671

RPP-ENV-62206, Rev. 0

This page intentionally left blank.

~No ok WD



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 666 of 671
RPP-ENV-62206, Rev. 0

LIST OF TABLES

Table G-1. Chemical-Specific Parameters Used in the Waste Management Area A-AX
Residential Tap Water Scenario System Model..........ccccceeeiiiiiic i, G-2

O~ wdNPE-

G-iii



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 667 of 671

RPP-ENV-62206, Rev. 0

This page intentionally left blank.

~No ok W

G-iv



RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 668 of 671

[
PO OWONOUIA WNRE

[EEN
N

RPP-ENV-62206, Rev. 0

APPENDIX G

CONTAMINANT-SPECIFIC EXPOSURE PATHWAY PARAMETER INPUTS USED
FOR THE TAP WATER SCENARIO

This Appendix contains contaminant-specific EPA Tap Water scenario parameters and the
corresponding values used in the Waste Management Area A-AX impacts analysis system
model.

Appendix F contains EPA Tap Water scenario parameters that are not contaminant-specific.
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Table G-1. Chemical-Specific Parameters Used in the Waste Management Area A-AX Residential Tap Water Scenario

System Model.
GoldSim® Element Name — RfDo Sfo RfCi? IUR GIABS_CHEM Kp
Oral Oral Cancer | Inhalation Reference Inhalation Fraction of Dermal
. Reference Slope Factor Concentration Unit Risk Contaminant Absorbed permeability

Chemical Name Dose (RfDo) (CSFo) (RFC) (IUR) in Gl Tract (GIABS) | coefficient (Kp)

(mg/kg-day) | (mg/kg-day)* (mg/m3) (ng/m3)t (unitless) (cm/hr)
Aluminum 1 —b — — 1 0.001
Boron 0.2 — — — 1 0.001
Chromium 15 — — — 0.013 0.001
Cobalt 0.0003 — — — 1 0.0004
Cyanide 0.0006 — 0.0008 — 1 0.001
Fluoride 0.06 — — — 1 0.001
Iron 0.7 — — — 1 0.001
Lead — — — — 1 0.0001
Manganese 0.024 — — — 0.04 0.001
Mercury 0.0003 — — — 0.07 0.001
Nickel 0.02 — — — 0.04 0.0002
Nitrate 7.1 — — — 1 0.001
Nitrite 0.3 — — — 1 0.001
Selenium 0.005 — — — 1 0.001
Strontium 0.6 — — — 1 0.001
Tin 0.6 — — — 1 0.001
Tributylphosphate 0.01 0.009 — — 1 0.0228
Uranium 0.003 — — — 1 0.001

Source: RPP-ENV-58806, RCRA Closure of Tank Waste Residuals Impactsat Waste Management Area C, Hanford Site, Washington, Rev. 1, T able 7-20.

aWhile no reference concentration values are available for this contaminant list, a value of 1x10° ug/m® was entered for each contaminant in GoldSim® to prevent divide by
zero errors. Doing so results in exceedingly small values that have no impact on the final results.

b«__»indicates there isno value available for thischemical.

GoldSim® simulation software is copyrightedby GoldSim Technology Group LLC of Issaquah, Washington (see http:/Aw.goldsim.com).
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