
 Richland Operations Office 
P.O. Box 550 
Richland, Washington 99352 

 Office of River Protection 
P.O. Box 450 
Richland, Washington 99352 

 

  
 

U.S. Department of Energy 
Hanford Site 

 
 

 
 
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, 
 
 
 
 
 Brian A. Harkins 
 Tri-Party Agreement Manager 
ECD:RAL Office of River Protection 
 
Attachments and cc:  See page 2 
  

September 29, 2020

Brian A. 
Harkins

Digitally signed by 
Brian A. Harkins 
Date: 2020.09.29 
06:37:03 -07'00'
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M. J. Lopez, WRPS
J. J. Lyons, Ecology
P. L. Rutland, WRPS
C. L. Tabor, WRPS
M. J. Turner, MSA
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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 
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 B-2  

deleterious FEP indicates the need to consider whether an analysis is needed to evaluate the 1 
behavior of the closed WMA when the safety function is degraded.  The result is a suite of 2 
analysis cases that are focused on conditions of potential concern to the future behavior of the 3 
facility.  4 
 5 

Figure B-1.  Structure of Uncertainty Analyses for Performance Assessment. 6 
 7 

 8 
Source:  NCRP Report No. 152, Performance Assessment of Near-Surface Facilities for Disposal of Low-Level Radioactive 9 
Waste. 10 

 11 
This hybrid approach leads to a streamlined approach to identifying a credible set of alternative 12 
analysis cases that support the PA and impacts analysis.  These analysis cases may be thought of 13 
as representing either alternative scenarios or alternative conceptual models.  Consequently, the 14 
analysis cases explicitly evaluate uncertainties in future conditions (scenarios) and conceptual 15 
models. 16 
 17 
 18 
B.2 SAFETY CONCEPT AND SAFETY FUNCTIONS FOR WASTE MANAGEMENT 19 

AREA A-AX 20 
 21 
The safety concept is the overall approach by which a disposal system is intended to provide the 22 
performance required in regulation.  The safety concept can be thought of as the set of safety 23 
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functions, acting together in concert, to provide that performance.  Ideally, the safety functions 1 
represent multiple and redundant barriers, so that the loss of one or some of the safety functions 2 
continues to result in adequate performance of the overall system.  A set of safety functions for 3 
WMA A-AX are shown in Table B-1.  The goal of the PA and impacts analysis is to evaluate 4 
these safety functions, to provide reasonable assurance of performance even when some of the 5 
safety functions are lost or degraded through time or disruptive events.   6 
 7 

Figure B-2.  Methodology for Identifying Sensitivity Analysis Cases Combining Safety 8 
Functions with Potentially Deleterious Features, Events, and Processes. 9 

 10 

 11 
FEPs  =  Features, Events, and Processes 12 

 13 
A significant part of the safety concept lies in the land ownership of the Central Plateau by the 14 
U.S. Department of Energy (DOE).  It is noteworthy that all of the technical calculations that are 15 
presented in the PA are predicated on the loss of the first two safety functions:  loss of 16 
institutional control of the Central Plateau by DOE, followed by loss of societal memory that the 17 
Hanford Site existed.  If either or both of these safety functions remain in place, the impacts of 18 
contaminant releases from residual wastes are very low and greatly delayed in time, as shown in 19 
the Tank Closure and Waste Management Environmental Impact Statement analyses for tank 20 
residual wastes (DOE/EIS-0391, Final Tank Closure and Waste Management Environmental 21 
Impact Statement for the Hanford Site, Richland, Washington).  In the assessment context of PAs 22 
conducted under DOE O 435.1, Radioactive Waste Management (see Section 2), and 23 
DOE M 435.1-1, Radioactive Waste Management Manual, both of these safety functions are 24 
assumed to disappear; the soonest that institutional controls are assumed to be lost is 100 years 25 
after closure of the tank farm system.  26 
 27 
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Table B-1.  Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and 
Processes Identified 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 
I1 Institutional 

Control 
By DOE O 435.1, Radioactive Waste Management, it 
is assumed that control of the site will be retained for at 
least 100 years.  A strong potential exists that the 
U.S. government will retain control of the site for a 
much more extended period of time.  DOE O 458.1, 
Radiation Protection of the Public and the 
Environment requires that plans for management and 
disposal of wastes provide for institutional controls and 
long-term stewardship.  DOE P 454.1, Use of 
Institutional Controls identifies how that stewardship 
is to be carried out. 

1.1.06 
1.1.09 
1.1.10 
1.4 (all) 

— Treated conservatively 
in all 

I2 Societal 
memory 

Societal memory is represented by records, deed 
restrictions, and other passive controls that would warn 
someone that additional care should be taken in the 
area.  For a member of the public to come onsite to 
experience exposures to contamination from Waste 
Management Area (WMA) A-AX, records that the 
Hanford Site existed would need to be forgotten or 
ignored.  DOE O 458.1 requires record keeping that 
would lessen the likelihood of this occurrence.  
DOE P 454.1 identifies how that stewardship is to be 
carried out. 

1.1.06 
1.1.09 
1.1.10 
1.4 (all) 

— Treated conservatively 
in all 

I3 Exposure  By DOE O 435.1, it is assumed that a post-closure 
drinking water well is established 100 m downgradient 
at the point of highest concentration in the 
groundwater.  It is highly unlikely that this situation 
will occur, and potential wells in other locations would 
produce much lower impacts to a member of the 
public.  Furthermore, even if control of the site is lost, 
the 100-m boundary for WMA A-AX lies amid many 
tank farms in the Central Plateau, and does not 
represent a realistic exposure point.  Exposures would 
be more likely to occur further downgradient.  

1.1 (all) 
1.4 (all) 
3.3 (all) 
2.2.13(intruder) 
2.3.03 
2.3.08  
2.3.09  
2.3.13 
2.4 (all) 

— 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 Identified 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 is a semi-arid site with low annual 
precipitation.  The Central Plateau is remote from 
members of the public, with a substantial buffer area 
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 
2.3.11 
2.3.12 
2.3.13 

— All 

EB1 RCRA Cover 
(infiltration 
reduction) 

The final design cover has not yet been established, but 
is believed to be able to produce very low net 
infiltration rates.  Over some period of time this 
function may deteriorate, with the rate of deterioration 
associated with increases in net infiltration. 

1.1.02 
1.1.08 
1.1.12 
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  
2.3.12 
2.3.13 

1.1.08 
1.1.12 
1.2.04 
1.2.07 
2.3.08 
2.3.12 
2.3.13 

INF1 
Also treated in 
parameter uncertainty 
analysis in 
WMA A-AX PA 
(RPP-ENV-61497) 
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Table B-1.  Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and 
Processes Identified 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 
EB2 RCRA Cover 

(depth of 
disposal) 

Limitation of types of potential inadvertent human 
intrusion by depth of disposal. 

1.1.02 
1.1.05 
1.4 (all) 

— Intrusion 

EB3 Steel Shell 
(permeability) 

The function of the carbon steel shell to limit flow 
through the tank and diffusion out of the tank is not 
currently explicitly accounted for in the post-closure 
period.  Its potential eventual failure is considered as 
part of the generic barrier failure cases.  TS1 explores 
what happens if the steel liner behaves better than 
assumed in the nominal case. 

1.1.02 
2.1.05 
2.1.08 

— TS1 

EB4 Steel Shell 
(chemical) 

The carbon steel shell will corrode over a period of 
time, leaving behind corrosion products of (primarily) 
iron oxides.  These corrosion products are highly 
sorptive and tend to produce reducing conditions that 
are highly advantageous for limiting mobility of redox 
sensitive constituents. 

1.1.02 
2.1.05 
2.1.09 

— None 

EB5 Tank structure 
(structural) 

The dome and walls provide structural support 
preventing subsidence in the cover above the closed 
facility. 

1.1.02 
1.2.03 
2.1.05 

— No credible deleterious 
FEPs 

EB6 Tank structure 
(intrusion) 

The tank structure provides a barrier to intrusion. 1.1.02 
1.4.03 
2.1.05 

— Intrusion analysis 
(analyzed in 
WMA A-AX PA 
[RPP-ENV-61497], not 
applicable to impacts 
analysis) 

EB7 Tank structure 
(chemical) 

The concrete of the tank acts to condition the chemistry 
of the waste residuals, with sorption characteristic of 
high pH environments. 

1.1.02 
2.1.05 
2.1.09 

— GRT3 and also treated 
in uncertainty analysis 
in WMA A-AX PA 
(RPP-ENV-61497) 

EB8 Tank structure 
(permeability) 

The concrete of the tank structure is substantially intact 
and provides a barrier to flow into the tank. 

1.1.02 
1.2.03  
2.1.05 

1.2.03 GRT1, GRT2 
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Table B-1.  Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and 
Processes Identified 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 
EB9 Grout in tank 

(permeability) 
The grout acts to limit water flow through the facility, 
making releases dominated by diffusion from the 
waste. 

1.1.02 
1.1.03 
1.1.04 
1.1.05 
1.1.08 
1.2.03 
2.1.04 

1.1.08 
1.2.03 

GRT0 

EB10 Grout in tank 
(chemical) 

The grout acts to condition the chemistry of the waste 
residuals, with sorption characteristic of high pH 
environments. 

1.1.02 
2.1.04 
2.1.09 

— GRT3 and also treated 
in uncertainty analysis 
in WMA A-AX PA 
(RPP-ENV-61497) 

EB11 Grout in tank 
(structural) 

The grout provides structural support preventing 
subsidence in the cover above the closed facility. 

1.1.02 
2.1.04 

— No credible deleterious 
FEPs 

EB12 Grout 
(intrusion) 

The structural strength of the grout provides a barrier 
to intrusion. 

1.1.02 
1.4.03 
2.1.04 
2.2.13 

— Intrusion analysis 
(analyzed in 
WMA A-AX PA 
[RPP-ENV-61497], not 
applicable to impacts 
analysis) 

EB13 Tank base mat 
(permeability) 

The tank base mat, if intact, will provide a barrier that 
will limit flow and contaminant transport from the tank 
residual wastes situated at the tank bottom into the 
underlying vadose zone sediments. 

1.1.02 
2.1.05 

2.1.05 BM1 

EB14 Tank base mat 
(chemical) 

The concrete pad is anticipated to continue to provide a 
high pH environment, with associated sorption, for an 
extended time in the future. 

1.1.02 
2.1.05 
2.1.09 
2.1.10 

— Treated in parameter 
uncertainty analysis in 
WMA A-AX PA 
(RPP-ENV-61497) 

EB15 Pipelines 
(permeability) 

The pipelines, if intact, provide a delay to releases of 
waste in ancillary equipment. 

2.1.06 — All analyses assume no 
credit for this safety 
function 
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Table B-1.  Safety Functions, Associated Features, Events, and Processes, and Potentially Deleterious Features, Events, and 
Processes Identified 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 amount and rate of release of 
contamination from it upon contact with water. 

2.1.01  
2.1.02 
2.1.12 
3.1 (all) 
(except 3.1.06) 
3.2 (all) 
(except 3.2.08) 

2.1.1 INV0, INV1, INV2 

VZ1 Vadose zone 
thickness 

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

2.2.01 
2.2.02 
2.2.03 
2.2.05 
2.2.07 
2.2.08 
2.2.09 
2.2.12 
2.3.02 
3.1.01 
3.2.07 

1.1.01 
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 vadose zone to the underlying aquifer.  A number 
of key contaminants are not believed to 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-AX PA 
(RPP-ENV-61497) 

VZ3 Dispersion in 
vadose zone 

Spreading of contaminants (vertically and laterally) in 
the vadose zone, dispersing them and decreasing 
concentrations. 

2.2.01 
2.2.02 
2.2.03 
2.2.05 
2.2.07 
2.3.02 

2.2.12 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 Identified 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 flow in 

saturated zone 
Advective flow in the saturated zone leading to 
dilution of the contaminants. 

1.2.10 
1.3.01 
1.3.02 
1.3.03 
1.3.07 
1.4.10 
2.2.03 
2.2.05 
2.2.07 
2.3.03 
2.3.04 
3.1.01 
3.2.07 

1.3.01 
1.3.02 
1.3.03 
1.3.07 
2.3.03 

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

SZ2 Sorption on 
saturated zone 
sediments 

Saturated zone sediments sorb some of the 
contaminants of potential concern, delaying their 
arrival at the point of assessment.  A number of key 
contaminants are not believed to sorb significantly. 

2.2.08 
2.2.09 
3.2.03 
3.2.04 
3.2.07 

— Treated in parameter 
uncertainty analysis in 
WMA A-AX PA 
(RPP-ENV-61497) 

SZ3 Dispersion in 
saturated zone 

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 pumping a groundwater well to the 
surface where it is useable and accessible by a member 
of the public. 

1.4.10 
2.2.13 
3.2.07 
3.2.12 
3.3.01 
3.3.02 
3.3.04 

— None 

FEPs =  Features, Events, and Processes RCRA =  Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. 
PA =  performance assessment WMA =  Waste Management Area 
 
Reference:  RPP-ENV-61497, Preliminary Performance Assessment of Waste Management Area A-AX, Hanford Site, Washington. 

 1 
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The chemical impacts analysis includes another administrative safety function introduced in the 1 
analysis for DOE M 435.1-1:  the point of assessment.  If the first two safety functions 2 
(institutional control and societal memory) are lost, DOE M 435.1-1 requires an assumption that 3 
a groundwater well is installed 100 m from the residual waste left in the WMA in the location of 4 
peak concentration.  This assumption means that relatively little credit is given for delay and 5 
dilution in the groundwater aquifer.  In response to regulator concerns, additional points of 6 
calculation are also evaluated at the 241-A and 241-AX Tank Farms fence lines.  Even in the 7 
event that memory of the Hanford Site is lost, people would not necessarily move to the Central 8 
Plateau and use untreated groundwater as their water source.  People further downgradient or 9 
people not using groundwater would be more protected than the PA calculates.  The regulation, 10 
therefore, provides an additional layer of safety to the results of the analyses via this safety 11 
function. 12 
 13 
The remaining parts of the safety concept involve the use of the engineering and geological 14 
setting to provide multiple and redundant barriers to the release and migration of residual wastes 15 
from tanks and ancillary equipment.  The barriers can be divided into one of three types:  16 
hydrological safety functions, chemical safety functions, and structural safety functions.  The 17 
safety concept calls for filling the tanks with grout, leading to a highly stable underground 18 
structure.  The resulting monolith of grout contained in the tank can be assumed to maintain its 19 
ability to support the soil overburden for very long periods of time.  The hydrological safety 20 
functions limit the contact of water with the residual wastes, limit the rate at which 21 
contamination can be released and transported through the environment to the assessment point, 22 
and provide dilution of contamination through dispersion and mixing with clean surrounding 23 
groundwater.  The chemical safety functions are intended to decrease the mobility of key 24 
contaminants (through solubility limits and sorption), and to provide a stable and passive 25 
chemical environment for the engineered barriers. 26 
 27 
As discussed above, the purpose of the impacts analysis is to evaluate the safety concept to 28 
provide reasonable assurance of performance of the safety concept, even in the event that one or 29 
more of the safety functions are lost or are degraded in time.  It is therefore reasonable to ask 30 
which FEPs might affect a particular safety function in a way that might degrade its function, or 31 
to cause the safety function to act differently than expected.  32 
 33 
This approach has been used to identify a set of sensitivity analyses that explore the implications 34 
of the loss of safety functions, while at the same time exploring the implications of aggregated 35 
FEPs that might affect the safety function in similar ways.  The structure of the impacts analysis 36 
has been to identify sensitivity cases and alternative models for the safety functions shown in 37 
Table B-1, and to examine what happens in the impacts analysis model when the safety function 38 
behaves differently than expected, is degraded compared to a nominal set of conceptual models 39 
and assumptions, or is lost entirely.  Particular attention was given to any FEPs identified that 40 
might affect multiple safety functions simultaneously, since such FEPs imply the potential for a 41 
common failure mode for multiple safety functions. 42 
 43 
The safety functions and FEP evaluations were conducted for the WMA C PA.  Upon review, the 44 
project team decided that the safety functions and FEP evaluations are identical for the 45 
WMA A-AX post-closure period.  These safety functions are presented in Table B-1 along with 46 
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the associated FEPs and potentially deleterious FEPs.  This table was generated from a workshop 1 
of senior PA experts, and represents the collective view of that group.  The workshop was held in 2 
Denver April 20 – 21, 2015, with the goal of evaluating FEPs as they relate to WMA C and 3 
mapping the FEPs to safety functions.  The attendee list is below. 4 
 5 
Washington River Protection Solutions, LLC /INTERA/Hanford 6 

• Marcel Bergeron 7 
• Matt Kozak 8 
• Mike Connelly 9 
• Alaa Aly 10 
• Mick Apted 11 
• Randy Arthur 12 
• Bob Andrews 13 

 14 
Savannah River Remediation/Savannah River National Laboratory/Savannah River 15 

• Roger Seitz 16 
• Kent Rosenberger 17 
• Steve Hommel 18 

 19 
Pacific Northwest National Laboratory/Hanford 20 

• Vicky Freedman 21 
 22 
The workshop was undertaken to evaluate which FEPs had the potential to affect safety functions 23 
within the 10,000-year sensitivity and uncertainty analysis period.  It therefore allowed the FEP 24 
team to screen out some FEPs that may be expected to occur over extremely long time periods 25 
(e.g., orogeny).  The presumption in the FEP screening was that continental glaciation will not 26 
occur within 10,000 years, so FEPs associated with such extreme changes were screened out.  27 
All other FEPs that have a reasonable likelihood of occurrence in 10,000 years were evaluated 28 
for their potential effects on the safety functions. 29 
 30 
 31 
B.3 INTERNATIONAL FEATURES, EVENTS, AND PROCESSES LIST WITH 32 

EVALUATIONS OF APPLICABILITY TO WASTE MANAGEMENT 33 
AREA A-AX  34 

 35 
This section contains an adaptation of Appendix C of IAEA-ISAM-1, Safety Assessment 36 
Methodologies for Near Surface Disposal Facilities, Results of a co-ordinated research project, 37 
Volume 1: Review and enhancement of safety assessment approaches and tools.  The 38 
Improvement of Safety Assessment Methodologies (ISAM) FEPs list is a list of FEPs relevant to 39 
the assessment of long-term safety of near-surface disposal facilities, which attempts to be 40 
comprehensive within reasonable bounds.  Because these FEPS are an adaptation of the FEPs 41 
used for near-surface disposal facilities, the term repository is used to refer to the disposal 42 
system.  It consists of 141 FEPs, each of which has an identifying number.  The numbers reflect 43 
a classification system, as shown in Figure B-3.  At its center, the classification scheme includes 44 
processes related to contaminant release, migration and exposures (radionuclide and contaminant 45 
factors).  The next tier are the features of the disposal system (wastes, engineered and natural 46 
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barriers and human behavior) and events and processes which may cause the system to evolve 1 
(environment factors).  Further out, there are processes and events originating outside the 2 
disposal system, but which act upon it (external factors).  These external factors (or external 3 
FEPs) are often considered to be scenario-generating FEPs.  4 
 5 

Figure B-3.  Feature, Event, and Process Numbering Classification System. 6 
 7 

 8 
Figure excerpted from IAEA-ISAM-1, Safety Assessment Methodologies for Near Surface Disposal Facilities, Results of a 9 
co-ordinated research project, Volume 1: Review and enhancement of safety assessment approaches and tools. 10 

 11 
Examination of the FEPs list shows a distinction between those that are descriptive of the system 12 
and how it functions and those that have been included in the FEPs list because they have 13 
potentially disruptive effects on the disposal system.  This distinction has been used to 14 
characterize how the FEPs act on WMA A-AX safety functions, with the results documented in 15 
Section B.4. 16 
 17 
For the sake of clarity, the full list of FEPs from IAEA-ISAM-1 is included here in the same 18 
format as the original publication (refer to the list below).  A new addition to the description of 19 
each FEP is a short commentary on the applicability of the FEP to the WMA A-AX impacts 20 

0. Assessment Context

1.2  Geological
processes and

events

1.4  Future
human
actions

1.3  Climatic
processes and

events

1. External Factors

Impact

1.1  Repository
issues

2.2  Geological
environment

2.4  Human
behaviour

2.3  Surface
environment

2. Internal Process System Domain Environment Factors
2.1  Wastes and

engineered
features

3.2  Release /
migration factors

3.3  Exposure
factors

3. Radionuclide and Contaminant Factors
3.1  Contaminant

characteristics
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analysis, and a short statement of what negative impact (if any) the FEP may have on the 1 
performance of WMA A-AX, and how it affects safety functions. 2 
 3 
 4 
B.4 MAPPING SAFETY FUNCTIONS TO FEATURES, EVENTS AND PROCESSES 5 
 6 
Application of the IAEA FEPs list to the WMA A-AX safety functions, discussed in Section B.3, 7 
leads to a mapping of applicable FEPs to each safety function.  This mapping is shown in 8 
Table B-2.  A number of the FEPs have been evaluated as not applicable to WMA A-AX, either 9 
because of the geological or geographical location, because of the assessment context, or because 10 
of the time frame of the analysis, which rules out FEPs requiring very long geological times for 11 
their occurrence.  These FEPs are denoted with N in the table (for not applicable).  FEPs 12 
applicable to a particular safety function are denoted with an X, whereas if the FEP is not 13 
applicable to the safety function it is left blank. 14 
 15 
  16 
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Table B-2.  Applicability of Features, Events, and Processes to Waste Management Area A-AX Safety Functions.  (1 of 3 sheets) 

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 
 I1 I2 I3 S1 EB1 EB2 EB3 EB4 EB5 EB6 EB7 EB8 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 X           
1.1.03   X                          
1.1.04   X                          
1.1.05   X   X                       
1.1.06 X X X                          
1.1.07   X                          
1.1.08   X  X                        
1.1.09 X X X                          
1.1.10 X X X                          
1.1.11   X                          
1.1.12   X  X                        
1.2.01 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.2.02 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.2.03         X   X X                
1.2.04     X                        
1.2.05 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.2.06 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.2.07     X                        
1.2.08 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.2.09 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.2.10                         X    
1.3.01     X                    X    
1.3.02     X                    X    
1.3.03                         X    
1.3.04 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.3.05 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.3.06     X                        
1.3.07     X                    X    
1.3.08     X                        
1.3.09 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
1.3.10      X                       
1.4.01 X X X  X                        
1.4.02 X X X  X                        
1.4.03 X X X  X     X      X             
1.4.04 X X X  X                        
1.4.05 X X X  X                        
1.4.06 X X X  X                        
1.4.07 X X X  X                  X      
1.4.08 X X X  X                        
1.4.09 X X X  X                        
1.4.10 X X X  X                    X    

1 
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Table B-2.  Applicability of Features, Events, and Processes to Waste Management Area A-AX Safety Functions.  (2 of 3 sheets) 

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 
 I1 I2 I3 S1 EB1 EB2 EB3 EB4 EB5 EB6 EB7 EB8 EB9 EB10 EB11 EB12 EB13 EB14 EB15 AP1 WF1 VZ1 VZ2 VZ3 SZ1 SZ2 SZ3 SZ4 
1.4.11 X X X  X                        
1.4.12 X X X  X                        
1.4.13 X X X  X                        
1.4.14 X X X  X                        
1.4.15 X X X  X                        
2.1.01                     X        
2.1.02                     X        
2.1.03 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.1.04             X X X X             
2.1.05       X X X X X X     X X           
2.1.06                   X          
2.1.07                             
2.1.08       X                      
2.1.09        X   X   X   X X           
2.1.10                  X           
2.1.11 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.1.12                    X X        
2.1.13 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.1.14 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.1.15 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.2.01                      X  X     
2.2.02                      X  X     
2.2.03                      X  X X  X  
2.2.04 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.2.05                      X  X X  X  
2.2.06 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.2.07                      X  X X    
2.2.08                      X X   X   
2.2.09                      X X   X   
2.2.10 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.2.11 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.2.12                      X       
2.2.13   X                         X 
2.3.01    X X                        
2.3.02    X X                 X X X     
2.3.03   X X                     X    
2.3.04    X                     X    
2.3.05 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.3.06 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.3.07    X X                 X       
2.3.08   X X X                        
2.3.09   X X                         
2.3.10    X X                        

1 
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Table B-2.  Applicability of Features, Events, and Processes to Waste Management Area A-AX Safety Functions.  (3 of 3 sheets) 

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 

 I1 I2 I3 S1 EB1 EB2 EB3 EB4 EB5 EB6 EB7 EB8 EB9 EB10 EB11 EB12 EB13 EB14 EB15 AP1 WF1 VZ1 VZ2 VZ3 SZ1 SZ2 SZ3 SZ4 
2.3.11    X X                        
2.3.12    X X                        
2.3.13   X X X                        
2.3.14 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.4.01   X                          
2.4.02   X                          
2.4.03   X                          
2.4.04   X                          
2.4.05   X                          
2.4.06   X                          
2.4.07   X                          
2.4.08   X                          
2.4.09   X                          
2.4.10 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
2.4.11 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
3.1.01                      X   X    
3.1.02 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
3.1.03                             
3.1.04                    X         
3.1.05 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
3.1.06 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
3.2.01                     X        
3.2.02                     X        
3.2.03                     X  X      
3.2.04                     X  X      
3.2.05                     X  X      
3.2.06                     X  X      
3.2.07                     X X X  X X   
3.2.08 N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
3.2.09                    X X        
3.2.10                    X X        
3.2.11                     X        
3.2.12                     X        
3.2.13                     X        
3.3.01   X                      X    
3.3.02   X                      X    
3.3.03   X                          
3.3.04   X                      X    
3.3.05   X                          
3.3.06   X                          
3.3.07   X                          
3.3.08   X                 X         

 1 
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ASSESSMENT CONTEXT 0 
Definition:  Factors that 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.  
Decisions at this point will affect the phenomenological scope of a particular phase of assessment, i.e. what “physical FEPs” will be included. 

Comment:  "Assessment Context" is a category in 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:  From the disposed waste to the health impact to humans, various indicators and associated criteria can be defined to serve as assessment endpoints.  Which one 
to choose will depend on the purpose of the assessment.  The indicator most frequently considered is the radiation dose or risk to man, often represented by the annual dose 
rate or risk to a member of a “critical group” of potentially most exposed individuals (see FEP 0.06). 

Key concepts, examples, and related FEPs 

Annual individual dose 

Annual individual risk 

Lifetime individual risk 

Chemical concentration in the environment 

Flux through engineered barriers 

Flux from geosphere to biosphere 

Dose to biota other than man  

Collective risk 

Release or concentration of non-radiological toxic contaminants 
 

Application to WMA A-AX:  Addressed in DOE Order 435.1 and RCRA closure requirements for hazardous substances. 
Potentially deleterious FEP:  Not applicable. 

 
Timescales of concern 0.02 
Definition:  The time periods over which the disposed wastes and repository may present some significant human health or environmental 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 assessment is required, with more qualitative arguments to demonstrate safety being sufficient at later times. 

Key concepts, examples, and related FEPs 

Until peak doses occur 

> 60 000 years 

500 – 10 000 years 

10 000 – 60 000 years 

0 – 500 years 
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Application to WMA A-AX:  Addressed in and treated consistently with DOE Order 435.1. 
Potentially deleterious FEP:  Not applicable. 

 
Spatial domain of concern 0.03 
Definition:  The domain over which the disposed wastes and repository may present some significant human health or environmental hazard. 

Comment:  This may correspond to the spatial domain over which the safety of the disposed wastes and repository is estimated, or the domain which is necessary to model 
in order to develop an understanding of the movement of contaminants and exposures.  This may be limited by the purpose of the assessment, for example if the performance 
of a component of the total system has to be assessed. 

Key concepts, examples, and related FEPs 

Description of the spatial domain of concern  

Application to WMA A-AX:  Addressed in and treated consistently with DOE Order 435.1. 

Potentially deleterious FEP:  Not applicable. 

 
Repository assumptions 0.04 
Definition:  The assumptions that are 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 
delayed or be the subject of uncertainty. 
Key concepts, examples, and related FEPs 

Description of the construction, operation, closure and 
operation of the repository 

Repository has been successfully closed 

Waste emplacement configuration has change 

Change in volume of disposed waste 

Change in repository design 

Application to WMA A-AX:  Addressed in the impact analysis.  See Sections 1-3 for a summary. 

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

 
Future human action assumptions 0.05 
Definition:  The assumptions made in the assessment concerning general boundary conditions for assessing future human actions. 
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Comment:  For example, it can be expected that human technology and society will develop over the timescales of relevance for repository safety assessment.  However, this 
development is unpredictable.  Therefore, it is usual to make some assumptions in order to constrain the range of future human activities that are considered. 

Key concepts, examples, and related FEPs 

Only present day technologies will be considered  

Description of general human society  

Only technologies practised in the past will be considered Description of human society development 

The past is an accurate reflection of the future 
Application to WMA A-AX:  Addressed in and treated consistently with DOE Order 435.1 and RCRA closure requirements for hazardous substances. 

Potentially deleterious FEP:  Not applicable. 

 
Future human behaviour (target group) 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 hazards are usually estimated for critical groups (individuals or groups) thought to be representative of the individuals or population 
groups that may be at highest risk or receive the highest impacts as a result of the disposed wastes and repository.  This is the accepted approach for assessing cancer risk 
or non-cancer hazard to members of the public resulting from a source of chemical release to the environment.  To assess the risks or hazards at times in the far future, when 
the characteristics of potentially exposed populations are unknown, a hypothetical critical group, or groups, is/are usually defined  

Key concepts, examples, and related FEPs 

Description of an actual critical group Description of a hypothetical critical group 
Application to WMA A-AX:  Addressed in and treated 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 part of the application of the FEP.  

 
Dose response assumptions 0.07 
Definition:  Those assumptions made in an assessment in order to convert exposure to a measure of risk to an individual or population. 

Comment:  Usually this will refer to individual human dose response, e.g., by a dose-risk conversion factor where the factor is the probability of a 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 amount of radiation dose an individual or a group of individuals received is referred to as the dose-
response relation.  It is not possible to determine the shape of the dose response curve at low doses with any precision, because the incidence of health effects is very low.  
A linear dose-response relation with no dose threshold is generally assumed cautious (see ICRP 60). 
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Key concepts, examples, and related FEPs 

None  

Application to WMA A-AX:  Addressed in and treated consistently with DOE Order 435.1 and RCRA closure requirements for hazardous substances. 

Potentially deleterious FEP:  Not applicable. 

 
Assessment purpose 0.08 
Definition:  The purpose for which the assessment is being undertaken. 

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

Key concepts, examples, and related FEPs 

Site selection 

Demonstrate regulatory compliance 

Concept design 

Demonstrate the feasibility of a disposal concept 

Rehabilitation of contaminated site 

Public confidence  

System optimization 

Application to WMA A-AX:  Addressed in the performance assessment.  See Section 2, HFFACO Appendix I. 

Potentially deleterious FEP:  Not applicable. 

 
Regulatory requirements and exclusions 0.09 
Definition:  The specific terms or conditions in the national regulations or guidance related to all stages of the repository that will influence the post-closure safety assessment. 

Comment:  Regulatory requirements and exclusions may be expressed in terms of release, dose or risk limits or targets to individuals or populations effective over a specified 
timescale; they may also make demands about procedures following closure of the repository.  In some regulations, the long-term scenarios to be assessed are specified, or 
some scenarios or events are specifically ruled out of consideration. 

Key concepts, examples, and related FEPs 

Independence of safety from control 

Optimization  

Effects in the future 

Environmental protection standards 

Quality assurance   

Quality control 

Multi-factor safety case  

Radiological protection standards 

RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 561 of 671



 

 

R
PP-EN

V
-62206, R

ev. 0 

 
B

-25 
 

Application to WMA A-AX:  Addressed in and treated consistently with DOE Order 435.1 and RCRA closure requirements for hazardous substances. 
Potentially deleterious FEP:  Not applicable. 

 
Model and data issues 0.10 
Definition:  Model and data issues in the context of a safety assessment, refers to general (i.e., methodological) issues affecting the assessment modelling process and use of 
data during the process. 
Comment:  A post-closure safety assessment is an attempt to quantify the exposure or risk posed by a radioactive waste disposal site to future generations of humanity and 
their environment.  Intrinsically, to do this one can say that the observations needed for the safety assessment of a site should be carried out for the life span of the proposed 
disposal facility.  However, this is neither physically possible nor desirable.  The only viable approach to perform a complete radiological safety assessment is to try to obtain 
as much observational data as possible, on a limited time scale, and then simulate the future behaviour of the disposal system through what is known as a model. 

Key concepts, examples, and related FEPs 

Treatment of uncertainty 

Method of handling site data 

Assessment philosophy 

Modelling studies 

Model and data reduction/simplification 

Data availability 

Application of conservatism 

Application to WMA A-AX:  Addressed in the performance assessment.  See Sections 1 – 3 for a summary. 

Potentially deleterious FEP:  Not applicable. 

 
EXTERNAL FACTORS 1 
Definition:  FEPs with causes or origin outside the disposal system domain, i.e., natural or human factors of a more global nature and their immediate effects.  Included in 
this category are decisions related to repository design, operation and closure since these are outside the temporal boundary of the disposal system domain for post-closure 
assessment. 

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

 
REPOSITORY ISSUES 1.1 
Definition:  Decisions on designs and waste allocation (repository type), and also events related to site investigation, operations and closure (site context). 

Comment:  "Repository Issues" is a sub-category of External Factors in the International FEP List and is divided into individual FEPs. 
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Site investigation 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 
construction and operation. 

Comment:  Site investigation activities provide detailed site-specific performance assessment data and information necessary for the safety case to demonstrate the suitability 
of the site and to establish baseline conditions. 

Key concepts, examples, and related FEPs 

Geography and demography 

Meteorology and climatology (regional and local) 

Geology and seismology 
Hydrology characteristics 

Geotechnical characteristics 

Aquifer tests 

Investigative boreholes 

Biosphere characteristics 
Natural resources 

Geochemical characteristics 

Ecological features 

Pre-operational monitoring programme 

Hydrogeology characteristics 
Geohydrological characteristics 

Geomorphology characteristics 

Application to WMA A-AX:  Relevant to the performance assessment.  See Section 2 for a discussion of site investigations. 

Potentially deleterious FEP:  Drywells and boreholes 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 are expected 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 
provide long-term isolation of disposed waste, minimize the need for continued active maintenance after site closure, and improve the 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 any stage, repository safety 
assessments may only analyse a subset of the total range of options (see FEP 1.103). 

Key concepts, examples, and related FEPs 

The general repository design features (e.g., host lithology, waste form, 
backfill, waste packages, construction technology, etc.) 

The principle design criteria or considerations for normal and abnormal condition 

Operational monitoring programme 
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Application to WMA A-AX:  Relevant to the performance assessment.  See Section 2. 
Potentially deleterious FEP:  Not applicable. 

 
Construction, repository 1.1.03 
Definition:  FEPs related to the construction (e.g., excavation) of shafts, tunnels, disposal galleries, silos, trenches, vaults, etc. of a repository, 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 of the design considerations and specifically to the construction of features of the repository necessary to 
provide long-term isolation of disposed waste, minimize the need for continued active maintenance after site closure, and improve the site’s natural characteristics in order 
to protect public health and the environment.  In addition, it includes the construction methods (see FEP 1.1.02). 

Key concepts, examples, and related FEPs 

Drilling of borehole  

Excavation of trenches, holes, vaults 

Construction equipment 

Construction of walls, floors, mounds, layers of mounds 

Site plans, engineering drawing, and construction specifications 

Control and diversion of water 

Site preparations 

Application to WMA A-AX:  Relevant to the performance assessment.  For WMA A-AX this relates both to past facility construction (Section 2), and to emplacement of grout 
and cover. 
Potentially deleterious FEP:  Potential degradation of safety functions associated with the engineered components of the system may result from failure of quality control.  
A range of cover performance is assumed 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 require special waste emplacement arrangements to simplify the disposal practice, to ensure safety or to ensure structure 
stability in the repository area.  The backfill material is used to refill excavated portions of the repository or any void spaces left unfilled after waste has been emplaced (see 
also FEP 1.1.07). 
Key concepts, examples, and related FEPs 

Emplacement method 

Waste emplacement configuration 

Filling of void spaces between the containers and in the rest of the repository Covering of waste in-between containers 
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Application to WMA A-AX:  Relevant to the performance assessment with respect to the infill grout emplacement and cover emplacement. 
Potentially deleterious FEP:  Safety functions associated with the grout and cover may be degraded by incorrect emplacement of the materials.  Emplacement of grout must 
take due account of heat of hydration and shrinkage.  A range of grout performance and cover performance is assumed 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 term closure refers to the status of, or an action directed at, a disposal facility at the end of its operational life.  A disposal facility is placed under permanent 
closure usually after completion of waste emplacement, by covering a near-surface disposal facility, by backfilling and/or sealing of a borehole type facility, and termination 
and completion of activities in any associated structure.  The intention of repository capping and sealing is to prevent infiltrating water as well as human access to the wastes.  
Individual sections of a repository may be closed in sequence, but closure usually refers to final closure of the whole repository, and will probably include removal of surface 
installations.  The schedule and procedure for capping, sealing and closure may need to be considered in the assessment. 

Key concepts, examples, and related FEPs 

Trench/vault capping 

Site stabilisation 

Cover construction 

Backfilling of boreholes 

Removal of surface structures 

Closure procedures 

Decontamination and decommissioning plan 

Post-operational monitoring programme 

Closure compartments 
Application to WMA A-AX:  Relevant to the performance assessment with respect to the infill grout emplacement and cover emplacement. 

Potentially deleterious FEP:  Safety functions associated with the grout and cover may be degraded by incorrect closure.  Emplacement of grout must take due account of 
heat of hydration and shrinkage.  A range of grout performance and cover performance is assumed in various sensitivity cases. 

 
Records and markers, repository 1.1.06 
Definition:  FEPs related to the retention of records of the content and nature of a repository after closure and also the placing of permanent markers at or near the site. 

Comment:  It is expected that records will be kept to allow future generations to recall the existence and nature of the 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 

Records of the content and nature of the repository Disposal unit and boundary markers  

Archive of the records 

Site markers 
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Application to WMA A-AX:  Aligned with institutional control assumptions in DOE Order 435.1. 
Potentially deleterious FEP:  Safety functions associated with institutional control are treated conservatively by requirements in DOE Order 435.1. Reduction of these safety 
functions is not 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 and waste allocation is established in a general way in the repository disposal concept.  There may, however, be a number of options concerning 
these factors.  Final decisions may not be made until the repository is operating and will be subject to regulation.  In safety assessments, assumptions may need to be made 
about future waste arisings and future waste allocation strategies (see also FEP 1.1.04). 

Key concepts, examples, and related FEPs 

Waste allocation description 

Future waste arisings 

Future waste allocation strategies 

Projected inventories 

Waste acceptance criteria for the repository 

Application to WMA A-AX:  Not applicable for tank closure.  The FEP relates to future waste arisings. 

Potentially deleterious FEP:  Not applicable. 

 
Quality control 1.1.08 
Definition:  FEPs related to quality assurance and control procedures and tests during the design, construction and operation of the repository, as well as the manufacture of 
the waste forms, containers and engineered features. 

Comment:  It can be expected that a range of quality control measures will be applied during construction and operation of the repository, as well as to the manufacture of 
the waste forms, containers etc.  In an assessment these may be invoked to 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 

Defects in construction of disposal system 

Defects in the construction of container 

Improper or faulty waste emplacement and backfilling  Defects during the conditioning of the waste 

Defects in cap constructions 

Application to WMA A-AX:  Relevant grout emplacement, and cover emplacement. 

Potentially deleterious FEP:  Safety functions associated with grout and cover may be degraded if there is a failure of quality control.  A range of grout performance and 
cover performance is assumed in various sensitivity cases. 
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Schedule and planning 1.1.09 
Definition:  FEPs related to the sequence of events and activities occurring during repository excavation, construction, waste emplacement and sealing. 
Comment:  Relevant events may include phased construction of units and emplacement of wastes, backfilling, sealing, capping and closure of sections of the repository after 
wastes are emplaced, and monitoring activities to provide data on the transient behaviour of the system or to provide input to the final assessment.  The sequence of events 
and time between events may have implications for long term performance, e.g., decline of activity and heat production from the wastes, material degradation, chemical and 
hydraulic changes during a prolonged “open” phase. 
Key concepts, examples, and related FEPs 

Phased construction of units 

Planning of monitoring activities to provide data on the transient behaviour of the system 

Phased emplacement of wastes, backfilling, sealing, capping and 
closure of sections of the repository 

Application to WMA A-AX:  Project timing assumed in the performance assessment is consistent with assumptions in the TC&WM EIS.  
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 while tanks are relatively intact.  

 
Administrative control, repository site 1.1.10 
Definition:  FEPs related to measures to control events at or around the repository site, both during the operational period and after closure. 
Comment:  The responsibility for administrative control of the site before closure of the repository during the construction and operational phases, and subsequently following 
closure of the repository may not be the same.  Furthermore, the type of administrative control may vary depending on the stage in the repository lifetime. 

Key concepts, examples, and related FEPs 

None  

Application to WMA A-AX:  Addressed in multiple DOE Orders and policies.  See Section 2. 

Potentially deleterious FEP:  Safety functions associated with institutional control are treated conservatively by aligning them with requirements in DOE Order 435.1.  
Reduction of these safety functions is not credible. 

 
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 and also monitoring of parameters related to the long-term safety and performance. 

Comment:  The extent and requirement for such monitoring activities may be determined by repository design and host lithology, regulations and public pressure. 
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Key concepts, examples, and related FEPs 

Pre-operational monitoring programme Post-operational monitoring programme  Operational monitoring programme 

Application to WMA A-AX:  Will be addressed in the performance maintenance plan. 

Potentially deleterious FEP:  Not applicable. 

 
Accidents and unplanned events 1.1.12 
Definition:  FEPs related to accidents and unplanned events during construction, waste emplacement and closure, which might have an impact on long-term performance or 
safety. 
Comment:  Accidents are events that are outside the range of normal operations although the possibility that certain types of accident may occur should be anticipated in 
repository operational planning.  Unplanned events include accidents but could also include deliberate deviations from operational plans. 

Key concepts, examples, and related FEPs 

Deviations from operations in response to an accident 

Reduction in waste delivery  

Earlier than anticipated cap failure 

Unexpected waste arising during operations 

Unexpected geological event 

Deliberate deviations from operational plans 

Increase in waste delivery 

Earlier than anticipated container failure 

Application to WMA A-AX:  Relevant to the performance assessment. 

Potentially deleterious FEP:  Early degradation of cap safety function from unanticipated events; unexpected geological event may lead to early degradation of hydraulic 
safety functions in the engineered system.  Early failure of barriers is addressed in sensitivity cases. 

 
Retrievability 1.1.13 
Definition:  FEPs related to any special design, emplacement, operational or administrative measures that might be applied or considered in order to enable or ease retrieval 
of wastes. 

Comment:  Designs may specifically allow for retrieval or rule it out.  In some cases, an interim period might be planned, between waste emplacement and final repository 
closure, during which time retrieval is possible. 

Key concepts, examples, and related FEPs 

None  

RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 568 of 671



 

 

R
PP-EN

V
-62206, R

ev. 0 

 
B

-32 
 

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:  Not applicable. 

 
GEOLOGICAL PROCESSES AND EFFECTS 1.2 
Definition:  Processes arising from the wider geological setting and long-term processes 
Comment.  "Geological Processes and Effects" is a sub-category of External Factors in the International FEP List and is divided into individual FEPs. 

 
Orogeny and related tectonic processes at plate boundaries 1.2.01 
Definition:  Rock deformation and translation (commonly referred to as tectonics) of this nature arises when rock masses belonging to different plates either collide against 
each other or slide past each other.  Literally speaking, orogeny is the process of 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 faulting in the lithosphere.  The latter is the name given to the rigid, outermost layer of the earth, made up predominantly of solid rock which are affected by processes 
such as metamorphism, plutonism, and, at great depth (>10 km), by plastic folding. 

The term folding is generally used to imply the shortening of strata that results from the formation of fold structures on a broad scale, and sometimes has the connotation of 
general deformation of which the actual folding is only a part.  A fault is a fracture in the Earth’s crust accompanied by displacement of one side of the fracture relative to 
the other, from a few cm to several kilometres.  Orogenic belts are typically characterized by compressive reverse faults as this leads to crustal shortening and duplication 
of geological formations.  Transform faults typically occur where crustal plates slide past each other without colliding (e.g., the St. Andrea fault in California) and the relative 
displacement can be in the order of thousands of kilometers.  Fractures and joints may be caused by compressional or tensional forces in the earth crust but do not present 
displacement between the rocks on each side.  These forces may result in the reactivation of existing faults or, less likely, in the generation 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 along the whole length of an orogenic belt.  
Implications to near-surface disposal systems:  This type of movement should be considered with great care since orogenic processes can lead, in areas of active collision 
(e.g., Chile, Turkey, Iran, Morocco) to the propagation of fault and thrust planes up to the surface.  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  

Collision of the Earth’s crustal plates 

Transcurrent, strike-slip faults 

Thrusts: low-angle reverse faults; 

Subduction zones 

Faulting and folding of lithosphere: Thin skinned tectonics vs. 
Thick skinned tectonics 

Metamorphism, anatexis (partial melting/ migmatization), and 
plastic folding in the inner and deeper layer 

Granitic to granodioritic batholiths; calc-alkaline 
igneous activity  

Orogeny, 

Neotectonics 

Application to WMA A-AX:  Not relevant on the time scale of the performance assessment. 
Potentially deleterious FEP:  Not applicable. 

 
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 or in regions of anomalous stress.  This includes mainly faulting and fracturing of rocks and, less frequently, also their compression and folding rocks. 

Comment.  The term folding is generally used for the compression of strata in the formation of fold structures on a broad scale, and sometimes has the connotation of general 
deformation of which the actual folding is only a part.  A fault is a fracture in the Earth’s crust accompanied by displacement of one side of the fracture relative to 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 
activation of existing faults and, less likely, the generation of new faults.  
Implications to near-surface disposal systems:  Within the timescales of concern, deformation is unlikely to have an effect on near-surface disposal systems. 

Key Concepts, examples, and related FEPs 

Faulting: normal, extensional faults 

Extrusion 
Neotectonics 

Alkaline volcanism, volcanoes 

Dyke swarms  

Fractures 

Fracturing 

Compression of rocks 
Rifting, rift valleys 

Horst and grabens 

Jointing, master joints 

Hot springs 

Basin and range 

Continental; break- up 
Uplift axes 

Stress field 

Cross-fabrics 

Application to WMA A-AX:  Not relevant on the time scale of the performance assessment. 
Potentially deleterious FEP:  Not applicable. 
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Seismicity 1.2.03 
Definition:  FEPs related to seismic events and the potential for seismic events.  Rapid relative movements within the Earth’s crust, usually along existing faults or geological 
interfaces cause a seismic event.  The accompanying release of energy may result in ground movement and/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 or volcanically active regions at crustal plate margins, less commonly they also occur in the interior of continental/oceanic plates.  The seismic 
waves that are generated by a tectonic or volcanic disturbance of the ocean floor 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 the physical properties of rocks due to stress changes 

Hydrological changes 

Faulting 

Tsunami 

Earthquakes 

Seismic swarms 

Soil liquefaction 

Aftershocks 
Application to WMA A-AX:  Relevant to the performance assessment in considering the longevity of safety functions for the engineered barriers. 

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 functions would be unaffected.  Degradation of hydraulic safety functions is considered 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 below the Earth’s crust, which gives rise to igneous rocks 
when solidified.  Magmatic activity occurs when there is intrusion of magma into the crust.  A volcano is a vent or 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 high temperatures and pressures associated with volcanic 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 refers to the process whereby magma are ejected onto the surface of the Earth. 

Key Concepts, examples, and related FEPs 

Temperature and pressure rise 

Change in surrounding rocks  

Slope tilting 

Intrusive magmatic activity 

Extrusive magmatic activity 

Lava flows  

CO2 emissions 

Pyroclastic explosion / flow / cloud 

Fumaroles  

Hydrothermal alteration 
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Application to WMA A-AX:  Relevant to WMA A-AX as potential ash fall from future volcanic events in the region. 
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 range in infiltration. 

 
Metamorphism 1.2.05 
Definition:  FEPs induced by the mineralogical and structural adjustment of solid rock to physical and chemical conditions, which have been imposed 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:  Within the timescales of concern, metamorphism is unlikely to have an effect on near-surface disposal systems. 

Key Concepts, examples, and related FEPs 

Metamorphic history of a host lithology  
Application to WMA A-AX:  Not relevant on the time scale of the performance assessment. 

Potentially deleterious FEP:  Not applicable. 

 
Hydrothermal activity 1.2.06 
Definition:  FEPs associated with high temperature groundwater, including processes such as density-driven groundwater flow and hydrothermal alteration of minerals 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 to near-surface disposal systems:  Within the timescales of concern, hydrothermal activity is unlikely to have an effect on typical near-surface disposal systems. 

Key Concepts, examples, and related FEPs 

Hydrothermal synthesis 

Density driven groundwater flow 

Hydrothermal alterations of minerals in the rocks 

Hydrothermal metamorphism 

Scalding springs 

Application to WMA A-AX:  Not relevant to the WMA A-AX geological setting. 
Potentially deleterious FEP:  Not applicable. 
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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 
concerned with more local processes over shorter periods of time.  Sedimentation is the act or process of forming or accumulating sediment in 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, the chemical and other (diagenetic) changes occurring in the sediment, and the ultimate consolidation of the sediment into solid 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 

Coastal erosion 

Deposition of sediment 

Changes in geological conditions 

Stream erosion  

Changes in hydrogeological conditions 

Application to WMA A-AX:  Relevant to the performance assessment in considering the longevity of safety functions for the engineered cover. 
Potentially deleterious FEP:  The primary potential effect on the disposal system is degradation of the infiltration safety functions of the cover.  Other safety functions would 
be unaffected.  Potential increases in infiltration 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 normal to 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 embraces those 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 under conditions of pressure and temperature that are normal to the surficial or outer 
part of the Earth’s crust.  

Pedogenesis represents the mode of origin of soils, with reference to the factors responsible for the formation of “solum,” or true soil, from unconsolidated parent material.  
Pedogenesis may have an effect on the behaviour of near-surface disposal systems as it involves geohydrologic, atmospheric and biological processes (burrowing animals, 
plant roots activity/invasion) operation at or near surface on time scales of few hundred to thousands of years.  
Implications to near-surface disposal systems:  Within the timescales of concern, diagenesis is unlikely to have an effect on near-surface disposal systems. 
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Key Concepts, examples, and related FEPs 

None  

Application to WMA A-AX:  Not relevant to the WMA A-AX geological setting. 

Potentially deleterious FEP:  Not applicable. 

 
Salt diapirism and dissolution 1.2.09 
Definition:  The long-term evolution of salt formations.  Diapirism is the lateral or vertical intrusion or upwelling of either buoyant or non-buoyant rock into overlying strata 
(the overburden) from a source layer.  Dissolution of the salt may occur where the evolving salt formation is in contact with groundwater with salt content below saturation. 

Comment:  Diapirism is most commonly associated with salt formations where a salt diapir comprises a mass of salt that has flowed in a ductile manner from a source layer 
and pierces or intrudes into the over-lying rocks.  The term can also be applied to magmatic or 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  

Application to WMA A-AX:  Not relevant to the WMA A-AX geological setting. 
Potentially deleterious FEP:  Not applicable. 

 
Hydrological/hydrogeological response to geological changes 1.2.10 
Definition:  FEPs related to changes in the hydrological or hydrogeological regime arising from the 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 of disequilibrium. 
Key Concepts, examples, and related FEPs 

Geochemical change Changes in hydraulic properties Changes of hydrological boundary conditions 

Application to WMA A-AX:  Regional scale geological changes may influence the Columbia River, which has a controlling influence on aquifer flow under the Central 
Plateau. 
Potentially deleterious FEP:  Potential effects on the saturated zone flow safety functions.  Uncertainty in saturated zone flow is considered in uncertainty analyses. 
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CLIMATIC PROCESSES AND EFFECTS 1.3 
Definition:  Processes related to global climate change and 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, and evidence for past, long-term change of global climate.  This is distinct from resulting changes that may occur at specific 
locations according to their regional setting and also 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 Quaternary 
glacial/interglacial cycles are caused by long term changes in seasonal and latitudinal distribution of incoming solar radiation which are due to the periodic variations of 
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 

Description of global climate changes 

Changes in atmospheric composition 

Eustatic change (c.f. FEP 1.3.03) 

Changes in ice, vegetation and cloud cover 

Greenhouse effect 

Isostatic movement (c.f. FEP 1.3.03)  

Glaciation (large scale) 

Application to WMA A-AX:  Climate change may affect infiltration and saturated zone flow safety functions.  However, global climate changes are expressed locally in these 
processes.  See FEP 1.3.02.  See Section 3 for a discussion of the 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 past changes, 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-term fluctuations, 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 at the 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 

Increase/decrease in precipitation 

Description of regional and local climate change Increase/decrease in temperature 

Application to WMA A-AX:  Climate change may affect infiltration and saturated zone flow.  However, global climate changes are expressed locally in these processes.  See 
FEP 1.3.01.  See Section 3 for a discussion of the basis for long term precipitation estimation. 
Potentially deleterious FEP:  Changes in infiltration associated with climate change are uncertain.  Regional scale modelling shows 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 affect safety functions for the cover and for the saturated zone.  Ranges of infiltration and aquifer flow are considered in sensitivity cases. 

 
Sea level change 1.3.03 
Definition:  FEPs related to changes in sea level, which may occur as a result of global (eustatic) change and regional geological change, e.g., isostatic movements. 
Comment:  The component of sea-level change involving the interchange of water between land ice and the sea is referred to as eustatic change.  As ice sheets melt so the 
ocean volume increases and sea levels rise.  Sea level at a given location will also be affected by vertical movement of the land mass, e.g., depression and rebound due to 
glacial loading and unloading, referred to as isostatic change (c.f. FEP 1.3.01). 

Key Concepts, examples, and related FEPs 

Flooding Saline intrusion into repository or geosphere Change in the hydrogeological regime 

Application to WMA A-AX:  Sea level change may affect Columbia River stage, with subsequent influence on aquifer flow. 
Potentially deleterious FEP:  Potential effect on saturated zone safety functions by alteration of the gradient. 

 
Periglacial effects 1.3.04 
Definition:  FEPs related to the physical processes and associated landforms in cold but ice-sheet-free environments.  This may be at the immediate margins of former and 
existing glaciers and ice sheets or an environment in which frost action is dominant. 
Comment:  An important characteristic of periglacial environments is the seasonal change from winter freezing to summer thaw with large water movements and potential 
for erosion.  The frozen subsoils are referred to as permafrost.  Meltwater of the seasonal thaw is unable to percolate downwards due to permafrost 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” (localized unfrozen zones, e.g., under lakes, large rivers or at regions of groundwater discharge). 
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Key Concepts, examples, and related FEPs 

Large water movement 

Erosion 

Strong seasonal influences 

Soil flow (movement) – solifluction 

Permafrost  

Saturation of surface materials 
Application 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:  Not applicable. 

 
Glacial and ice sheet effects, 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 distinct from the effect of large ice masses on global 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 meltwaters beneath 
the ice mass and at the margins, can lead to morphological changes in the environment, e.g., U-shaped valleys, hanging valleys, fjords and drumlins.  Depositional features 
associated with glaciers and 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) 

Hydrogeological change 

Transportation and depositional processes and features (Moraines Eskers) 

Morphological changes (Hanging 
valleys, Fjords, Drumlins) 

Depression of the regional crustal plate 

Application to WMA A-AX:  Not relevant on the time scale of the performance assessment. 

Potentially deleterious FEP:  Not applicable. 

 
Warm climate effects  (tropical and desert) 1.3.06 
Definition:  FEPs related to warm tropical and desert climates, including seasonal effects, and meteorological and geomorphological effects special to these climates. 
Comment:  Regions with a tropical climate may experience extreme weather patterns (monsoons, hurricanes) that could result in flooding, storm surges, 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, erosion and recharge may be dominated by infrequent storm events. 
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Key Concepts, examples, and related FEPs 

Extreme weather patterns 

Monsoons 

Hurricanes 
Flooding 

Storm surges 

Alkali flats 

Infrequent storm events 

High rainfall  
High winds 

Effective recharge 

Change in hydrological regime  

Rapid biological degradation  
Erosion 

Application to WMA A-AX:  Relevant in evaluation of the infiltration rate.  See Section 3. 

Potentially deleterious FEP:  Effects are included in estimates and uncertainties in the infiltration rate.  

 
Hydrological/hydrogeological response to climate changes 1.3.07 
Definition:  FEPs related to changes in the hydrological and hydrogeological regime, e.g., recharge, sediment load and seasonality, in response to climate change in a region. 
Comment:  The hydrology and hydrogeology of a region is closely coupled to climate.  Climate controls the amount of precipitation and evaporation, seasonal ice cover and 
thus the soil water balance, extent of soil saturation, surface runoff and groundwater recharge.  Vegetation and human actions may modify these responses. 
Key Concepts, examples, and related FEPs 

Change in groundwater recharge 

Change in sediment load 

Change in soil water balance 

Change in regional precipitation/infiltration/evaporation 

Change in seasonal ice cover 

Change in surface runoff 

Increase in groundwater velocity  

Creation of local ponds 

Application to WMA A-AX:  Relevant in evaluating the infiltration rate. 

Potentially deleterious FEP:  This FEP has the potential to affect the cover infiltration safety function.  Effects of climate change on infiltration are included in the range of 
rates derived from the paleo record on precipitation.  Potential anthropogenic effects are within the range of past climates.  See Section 3. 

 
Ecological response to climate changes 1.3.08 
Definition:  FEPs related to changes in ecology, e.g., vegetation, plant and animal populations, in response to climate change in a region. 
Comment:  The ecology of an environment is linked to climate.  Ecological adaptation has allowed flora and fauna to survive and exploit even the most hostile of environments.  
For example, cacti have evolved to survive extreme heat and desiccation of the desert environment, and certain plant species complete their entire lifecycle over very short 
time periods following rare rain events in the desert.  Some tree and plant species have evolved to survive natural events such as forest fires, and may require them to complete 
their lifecycle. 
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Key Concepts, examples, and related FEPs 

Desert formation 

Change in vegetation 

Change in animal life Ecological adaptation 

Application to WMA A-AX:  Relevant in evaluating the infiltration rate. 

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

 
Human response to climate changes 1.3.09 
Definition:  FEPs related to changes in human behaviour, e.g., habits, diet, size of communities, in response to climate change in a region. 

Comment:  Human response is closely linked to climate.  Climate affects the abundance and availability of natural resources such as water, as well as the types of crops that 
can be grown.  The more extreme a climate, the greater the extent of human control over these resources is necessary to 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 

Effect of climate change on food chain 

Change in agricultural activities/products 

Increase/decrease in  usage of irrigation systems 

Change in population density 

Change in diet 

Effect of climate change on water availability 

Construction of dams 

Application to WMA A-AX:  Addressed in the exposure assessment requirements in DOE Order 435.1 and RCRA closure requirements for hazardous substances.  
Potentially deleterious FEP:  Not applicable. 

 
Other geomorphologic changes 1.3.10 
Definition:  FEPs related to geomorphologic (also known as physiography) changes on a regional and local scale, 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 
restricted to features produced only by erosion and deposition. 

Key Concepts, examples, and related FEPs 

Denudation   
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Application to WMA A-AX:  Relevant to WMA A-AX in the morphological changes associated with adding the cover, with increased depth to the waste. 
Potentially deleterious FEP:  Not applicable. 

 
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 behaviour and habits of the local population, c.f. 2.4. 
Comment:  "Human Actions (Active)" is a sub-category of the External Factors in the International FEP List and is divided into individual FEPs. 

 
Human influences on climate 1.4.01 
Definition:  FEPs related to human activities that could affect the change of climate either globally or in a region. 

Comment:  These activities could be intentional or unintentional, with an indirect influence more than a direct influence on the climate. 

Key Concepts, examples, and related FEPs 

De-forestation  Emissions of “greenhouse” gases such as CO2 and CH4  
Application to WMA A-AX:  Relevant in evaluating the infiltration rate.  Projected anthropogenic effects on future climates may be either increases or decreases in infiltration 
rate. 
Potentially deleterious FEP:  This FEP has the potential to affect the cover infiltration safety function.  Effects of climate change on infiltration are included in the range of 
rates derived from the paleo record on precipitation.  Potential anthropogenic effects are within the range of past climates. 

 
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, a repository after closure with complete or incomplete knowledge. 

Comment:  Some future human actions (e.g., see FEPs 1.4.03 and 1.4.04) could directly impact upon the repository performance.  Many assessments distinguish between: 

- inadvertent actions, which are actions taken without knowledge or awareness of the repository, and 

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

Intermediate cases, of intrusion with incomplete knowledge, could also occur. 
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Key Concepts, examples, and related FEPs 

Human intrusion (instigate mechanical processes 
incomplete knowledge intrusion) 

Deliberate actions, e.g., war, sabotage, waste recovery, 
malicious intrusion 

Inadvertent actions, e.g., exploratory drilling, 
resource mining, archaeological intrusion 

Application to WMA A-AX:  Not relevant for the WMA A-AX performance assessment, since this FEP relates to probability of occurrence of inadvertent intrusion, which is 
not taken credit for in the assessment.  Intentional intrusion is generally excluded from consideration in the international community of performance assessment. 
Potentially deleterious FEP:  Not applicable. 

 
Drilling activities (human intrusion) 1.4.03 
Definition:  FEPs related to any type of drilling activity near the repository. 

Comment:  These activities may be taken with or without knowledge of the repository and in fact are a subgroup of FEP 1.4.02. 

Key Concepts, examples, and related FEPs 

Exploratory and/or exploitation drilling for natural resources and raw 
materials  

Drilling for research or site characterization studies 

Water well drilling 

Drilling for waste injection  

Drilling for hydrothermal resources  

Extraction of valuable components of the disposed waste 

Application to WMA A-AX:  Relevant to the intrusion scenario in the PA, but not in this this impacts analysis. 

Potentially deleterious FEP:  Addressed in the evaluation of inadvertent intrusion. 

 
Mining and other underground activities (human intrusion) 1.4.04 

Definition:  FEPs related to any type of mining or excavation activity carried out near the repository. 

Comment:  These activities may be taken with or without knowledge of the repository and in fact are a subgroup of FEP 1.4.02. 

Key Concepts, examples, and related FEPs 

Resource mining; 

Excavation for industry; 

Geothermal energy production 

Mine drillings  

Shaft construction, underground construction and tunnelling 

Recovery of repository materials (re-use of waste) 

The presence of mine galleries - after closure 

Malicious intrusion, sabotage or war 

Injection of liquid wastes and other fluids 

Scientific underground investigation 

Underground nuclear testing 
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Application to WMA A-AX:  Drilling activities accounted for in the drilling intrusion scenario in the PA.  Other mining activities excluded based on lack of valuable natural 
resources at WMA A-AX.  Potential for intrusive activities is also limited by depth of waste disposal and presence of intrusion barriers.  
Potentially deleterious FEP:  Not applicable. 

 
Un-intrusive site investigation 1.4.05 
Definition: FEPs related to airborne, geophysical or other surface-based investigation of a repository site after repository closure 
Comment:  Such investigation, e.g., prospecting for geological resources, might occur after information of the location of a repository had been lost.  The evidence of the 
repository itself, e.g. discovery of an old shaft, might itself prompt investigation, including research of historical archives. 

Key Concepts, examples, and related FEPs 

Prospecting for geological resources Investigation of an old shaft Research of historical archives 

Application to WMA A-AX:  Not relevant as this FEP relates to probabilities of intrusion, which are not taken credit for in the performance assessment. 

Potentially deleterious FEP:  Not applicable. 

 
Surface excavations 1.4.06 
Definition:  FEPs related to any type of human activities during surface excavations that can potentially affect the performance of the engineered and/or natural (geological) 
barriers, or the exposure pathways. 

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

Key Concepts, examples, and related FEPs 

Quarrying, trenching, ploughing 

Digging, blasting, breaking, loading, hauling 

Recycling of materials 

Dredging of sediments in estuaries  

Excavation for construction (earthworks) 

Excavation for storage or disposal 

Shallow excavations for site investigations  

Excavation for military purposes 

Application to WMA A-AX:  Home construction basement scenario excluded in the PA based on depth of waste disposal and presence of intrusion barriers. 

Potentially deleterious FEP:  Not applicable. 
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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 of the engineered and/or natural (geological) 
barriers, or the exposure pathways. 

Comment:  As used here, it refers to the alteration of the chemical composition of the surface environment in the vicinity of the repository, in such a way that the performance 
of the disposal system is influenced. 

Key Concepts, examples, and related FEPs 

Acid rain 

Chemical liquid waste disposal 

Soil pollution 

Soil fertilization 

Groundwater pollution 

Application to WMA A-AX:  Relevant to WMA A-AX in potential changes to the degradation rates of the engineered barriers.  Effects of past leaks on vadose zone properties. 

Potentially deleterious FEP:  Potential effects in engineered barrier safety functions related to flow reduction.  Effects of past leaks on vadose zone properties. 

 
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, or the exposure pathways. 

Comment:  As used here, site development refers to alterations to the surface environment after memory of the repository has been lost.  These alterations may result in 
direct human intrusion in the near-surface facility, or to an alteration of the host lithology or topography. 

Key Concepts, examples, and related FEPs 

Site occupation 

Levelling of hills (e.g., airport lay out)  

Construction of roads, houses, buildings, dams, etc.  

Human modification of the site drainage  

Residential, industrial, transport and road construction 

Land reclamation/extension 
Application to WMA A-AX:  Relevant to WMA A-AX in potential changes to the degradation rates of the cover. 

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

 
Archaeology 1.4.09 
Definition:  FEPs related to any type of human activities associated with archaeology that can potentially affect the performance of the engineered and/or natural (geological) 
barriers, or the exposure pathways. 

Comment:  As used here, the FEP refers to archaeological investigations in the surface environment. 
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Key Concepts, examples, and related FEPs 

Archaeological, inadvertent human intrusion Archaeological artefacts found during construction  

Application to WMA A-AX:  Not relevant as this FEP relates to probabilities of intrusion, which are not taken credit for in the performance assessment. 

Potentially deleterious FEP:  Not applicable. 

 
Water management  (wells, reservoirs, dams) 1.4.10 
Definition:  FEPs related to groundwater and surface water management including water extraction, reservoirs, dams, and river management. 
Comment:  Water is a valuable resource and water extraction and management schemes 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 

Artificial mixing of lakes 

Reservoirs 

Industrial usage 

Human effects on water potential 

Chemical liquid waste disposal 

Intentional artificial groundwater recharge/discharge by 
humans  
Dam, barrage, canals, pumping stations and pipeline 
building  

Desalination of water in estuaries and marines 

Drainage systems 

Extraction of contaminated water from aquifer via a well 

Impoundment of water for fishing/fish farming, bathing 

Groundwater/surface water extraction for irrigation, animal 
consumption, drinking water, washing 

Salt production 

Application to WMA A-AX:  Water management activities on the Columbia River have the potential to affect river stage. 

Potentially deleterious FEP:  Potential effects on the saturated zone safety functions 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 concerning social and institutional development may have a significant influence on the disposal system, e.g., if a change in land 
use is promulgated or a change in the regulatory requirements. 

RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 584 of 671



 

 

R
PP-EN

V
-62206, R

ev. 0 

 
B

-48 
 

Key Concepts, examples, and related FEPs 

Loss of archives/records, loss/degradation of societal memory  

Changes in planning controls and environmental legislation 

Demographic change and urban development  

Changes in land use 

Change in regulatory requirements 

Change in institutional control 

Application to WMA A-AX:  Excluded from consideration in DOE Order 435.1 and RCRA closure requirements for hazardous substances. 

Potentially deleterious FEP:  Not applicable. 

 
Technological developments 1.4.12 

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:  Of interest are those technologies that might change the capacity of man to intrude deliberately or otherwise into a repository, to cause changes that would affect 
the movement of contaminants, to affect the exposure or its health implications.  Technological developments are likely but may not be predictable, especially at longer times 
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 capacity to implement technology  

Application to WMA A-AX:  Excluded from consideration in DOE Order 435.1. 
Potentially deleterious FEP:  Not applicable. 

 
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 been disrupted by some natural event or process, or had been inadvertently or deliberately damaged by human actions. 

Comment: 

Key Concepts, examples, and related FEPs 

None  
Application to WMA A-AX:  Excluded from consideration in DOE Order 435.1. 

Potentially deleterious FEP:  Not applicable. 
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Explosions and crashes 1.4.14 
Definition:  FEPs related to deliberate or accidental explosions and crashes such as might have some impact on a 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 

Underground nuclear testing 

Likelihood of crashes onto surface facilities, e.g., plane crashes  

Application to WMA A-AX:  Potentially relevant to the performance of the cover, but very low probability 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, biological and human conditions of the domain that are relevant to estimating the release and migration of radionuclides and consequent exposure to man. 

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

 
WASTES AND ENGINEERED FEATURES 2.1 
Definition:  Features and processes within the waste and engineered components of the disposal system (output – source term characteristics). 
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 FEPs 2.1.01 to 2.1.06 describe the features in the disposal system, in other words, a description of the system as it is constructed, whereas FEPs 2.1.07 to 2.1.11 
describe the processes or the changes 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 often refers to content of radionuclides but the content of other materials, e.g., steels, other metals, concrete or organic materials, could be of interest. 
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Key Concepts, examples, and related FEPs 

Radionuclide content Concrete or organic material content Steel and other metal content 

 
Waste form materials, characteristics and degradation processes 2.1.02 
Definition:  FEPs related to the physical, chemical, biological characteristics of the waste form at the time of disposal and as they may evolve in the repository, including 
FEPs which are relevant specifically as waste degradation processes. 
Comment:  The waste form will usually be conditioned prior to disposal, e.g., by solidification and inclusion of grout materials.  The waste form is a component of the waste 
package.  The waste characteristics will evolve due to various processes that will be affected by the physical and chemical conditions of the repository environment.  Processes 
that are relevant specifically as waste degradation processes, as compared to general evolution of the near field, are included in this FEP. 

Key Concepts, examples, and related FEPs 

Physical degradation 

Chemical degradation 

Solid matrix of resin, bitumen, cement 

Ash 

Cloves, clothing, plastics, paper wood  

Spent sources 

Activated metal 

Sludges, evaporation residue, compacted solids, filters 

Application to WMA A-AX:  Relevant to the performance assessment and chemical impacts analysis. 

Potentially deleterious FEP:  Uncertainty in the final amounts of waste 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 the time of disposal and as they may evolve in the repository, including FEPs 
that are relevant specifically as container degradation/failure processes. 

Comment:  The container refers to the vessel into which the waste form is placed for handling, transportation, storage and or disposal.  It is also the outer barrier protecting 
the waste from external intrusions.  The container is a component of the waste package.  

Key Concepts, examples, and related FEPs 

Container degradation/failure processes 

Metal drums 

Concrete containers  

Stainless steel containers 

Lead containers 

Application to WMA A-AX:  Not relevant to the performance assessment or chemical impacts analysis.  Waste is not containerized. 

Potentially deleterious FEP:  Not applicable. 
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Buffer/backfill materials, characteristics and degradation processes 2.1.04 
Definition:  FEPs related to the physical, chemical, biological characteristics of the buffer and/or backfill at the time of disposal and 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 role whereas backfill is used to mean material used to fill other underground openings.  
However, in intermediate-level waste/low-level waste concepts the term backfill is used to describe the material placed between waste containers, which may have a chemical 
role.  Buffer/backfill materials may include clays, cement and mixtures of cement with aggregates, e.g., of crushed rock. 

The buffer/backfill characteristics will evolve due to various processes that will 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 of the near field, are included in this FEP. 

Key Concepts, examples, and related FEPs 

Buffer/backfill degradation processes 

Bentonite clay 

Clay, cement, sand, soil Mixture of clay and crushed rock 

Application to WMA A-AX:  Relevant to the performance assessment and chemical impacts analysis as the grout infill. 

Potentially deleterious FEP:  Uncertainty in the performance of the grout is considered in sensitivity and uncertainty analysis. 

 
Engineered barrier system characteristics 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 relevant specifically as cavern/tunnel/shaft seal and cap degradation processes.  (Effect on hydrology / flow – change 
over time). 
Comment:  Cavern/tunnel/shaft seal and cap failure may result from gradual degradation processes, or may be the result of a sudden event.  The importance is that alternative 
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 
FEP 2.2.01). 

Key Concepts, examples, and related FEPs 

Engineered caps (cover) 

Cover degradation  

Intrusion resistance caps Cap materials:  clay, concrete 

Application to WMA A-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 of the engineered barriers are addressed in sensitivity and uncertainty analysis. 
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Other engineered features materials, characteristics and degradation 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 
disposal and also as they may evolve in the repository, including FEPs which are relevant specifically as degradation processes acting on the engineered features. 

Comment:  Examples of other engineered features are rock bolts, shotcrete, tunnel liners, silo walls, any services and equipment not removed before closure.  The engineered 
features, materials and characteristics will evolve due to various processes that will be affected by the physical and chemical conditions of the repository environment.  
Processes which are relevant specifically as degradation processes acting on the features, as compared to general evolution of the near field, are be included in this FEP. 
Key Concepts, examples, and related FEPs 

Trenches, holes, vaults 

Walls, floors, mounds, layers of mounds 

Rock bolts, tunnel liners, silo walls 

Reduction in flow through structures due to impermeable membrane and 
subsequent degradation of impermeable membrane 

Cut-off walls  

Degradation processes 

Application to WMA A-AX:  Relevant to pipes and structures associated with ancillary equipment.  

Potentially deleterious FEP:  Not applicable, as the ancillary equipment is treated conservatively in the base case. 

 
Mechanical processes and conditions (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 includes the effects of hydraulic and mechanical loads imposed on wastes, containers and repository components by the surrounding geology. 

Comment: 

Key Concepts, examples, and related FEPs 

Waste and container compression 

Container collapse 

Buffer swelling pressure 

Material volume changes 

Subsidence as a result of compression of waste and cover layers  

Fracture formation in vault, backfill, joints, cover materials, host 
geology (local fractures) 

Container movement 

Differential behaviour of joints 

Tunnel roof or lining collapse 

Application to WMA A-AX:  Relevant to the performance assessment and chemical impacts analysis in the influence of the FEP to conditions of the base mat. 

Potentially deleterious FEP:  Potential degradation in the current state and future evolution of the base mat hydraulic safety function which is considered in the sensitivity 
and uncertainty analysis. 
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Hydraulic/hydrogeological processes and conditions (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 by the surrounding geology. 

Comment: 

Key Concepts, examples, and related FEPs 

Failure of drainage system 

Failure of cut-off walls 

Failure of cap/cover 
 

Modification of pore water by cover caused by chemical 

Interaction of vault material with pore water 

pH change 

Osmotic effects 

Infiltration and movement of fluids in the repository environment 

Resaturation/desaturation of the repository or its components 

 

Failure of the joints 

Bathtubbing 

Fracturing of concrete components 

Effect of cap+cover+backfill 
Influence of climate change 

Influence of saline intrusion 

Gas mediated water flow 

Interaction of backfill with pore water 

pH change 

Redox change 

Sulphate attack 

Effect of chelating agents 

Redox potential change 

Mineralization 

Modification of pore water by cover  

Interaction of container material with pore water 
Matrix corrosion 

Gas generation 

Polymer degradation (high integrity containers) 

Mineralization change 

Osmotic effect 

Interaction of vault materials with host groundwater 

Carbonation 

Water flow and contaminant transport paths within the 
repository 

Induced fluid effects caused by temperature change 

-Pressure change 

-Natural convection 

-Viscosity 

Reduction in flow through structures due to grouting  

Chloride attack 
Sulphate attack 

Colloid formation 

Application to WMA A-AX:  Relevant to the performance assessment and chemical impacts analysis in the influence of the FEP to release and transport of waste from tanks 
and ancillary equipment.  
Potentially deleterious FEP:  Uncertainty in the current state and future evolution of the safety functions of the waste, grout, tank, and base mat is considered in the sensitivity 
and uncertainty analysis. 
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Chemical/geochemical processes and conditions (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 
evolution of near field with time.  This includes the effects of chemical/geochemical influences on wastes, containers and repository components by the surrounding geology. 

Comment: 

Key Concepts, examples, and related FEPs 

Chemical interaction of backfill with pore water 

pH changes 

Redox changes 

Sulphate attack 

Chemical interaction of waste with pore water 

Metallic corrosion processes (general and pitting) 

Polymer degradation (resins) 

Osmotic effects 

Induced galvanic metallic corrosion 

Polymer degradation (high integrity containers) 

Chemical interaction of backfill with containers 
(including overpacks) 

Induced galvanic metallic corrosion 
 

Osmotic effects 

Chemical interaction of vault materials with 
pore water 

pH changes 

Redox potential changes 

Chemical interaction of vault materials with 
host groundwater 

Carbonation 

Chloride attack 

Sulphate attack 

Chemical interaction of containers (including overpacks) 
with pore water 

Metallic corrosion 

Polymer degradation (high integrity containers) 

Osmotic effects 

Chemical interaction of waste with containers 

Precipitation/dissolution reactions 

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

Geochemical changes 

Polymer degradation (high integrity containers) 

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

pH changes 

Redox potential changes 

Change in chemical reaction rate caused by temperature 
change 

Electrochemical processes 

Chemical conditioning and buffering processes 

Application to WMA A-AX:  Relevant to the performance assessment and chemical impacts analysis in the influence of the FEP to release and transport of waste from tanks 
and ancillary equipment.  
Potentially deleterious FEP:  Uncertainty in the current state and future evolution of the chemical safety functions of the waste, grout, tank, and base mat is considered in 
the sensitivity and uncertainty analysis. 
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Biological/biochemical processes and conditions (in wastes and EBS) 2.1.10 
Definition:  FEPs related to the biological/biochemical processes that affect the wastes, containers, seals and other engineered features, and the overall biological/biochemical 
evolution of near field with time.  This includes the effects of biological/biochemical influences on wastes, containers and repository components by the surrounding geology. 

Comment: 

Key Concepts, examples, and related FEPs 

Microbial growth and poisoning 

Microbially/biologically mediated processes 

Effect of organic material 

Microbial/biological effects of evolution of redox (Eh) 
and acidity/alkalinity (pH), etc.  

Effect of organic materials  

Change in microbial caused by change in temperature 

Application to WMA A-AX:  Relevant to the performance assessment and chemical impacts analysis in the influence of the FEP to release and transport of waste from tanks 
and ancillary equipment.  
Potentially deleterious FEP:  Uncertainty in the current state and future evolution of the chemical safety functions of the waste, grout, tank, and base mat is considered in 
the sensitivity and uncertainty analysis. 

 
Thermal processes and conditions (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 of the near field 
with time.  This includes the effects of heat on wastes, containers and repository components from the surrounding geology. 

Comment: 

Key Concepts, examples, and related FEPs 

Temperature evolution 

Differential elastic response 

Non-elastic response 

Fracture aperture changes caused by the temperature change 
Change in microbial activity 

Radiogenic, chemical and biological heat production from the wastes 

Chemical heat production from engineered features, e.g., concrete hydration 

Change in chemical reaction rates e.g., corrosion  

Temperature dependence of physical/chemical/biological/hydraulic processes, 
e.g., corrosion and re-saturation 

Fluid pressure, density viscosity changes  

Induced chemical changes caused by the 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 generation in tanks that retain substantial amounts of unretrievable waste, leading to effects on flow through the waste and EBS. 

 
Gas sources and effects (in wastes and EBS) 2.1.12 
Definition:  FEPs within and around the wastes, containers and engineered features resulting in the generation of gases and their subsequent effects on the repository system. 
Comment:  Gas production may result from degradation and corrosion of various waste, container and engineered feature materials, as well as radiation effects.  The effects 
of gas production may 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 

Pressurisation 

Radiation effects 

 

Gas generation 

Corrosion 

Decomposition of organic matter (microbial) 

Degradation of vault, overpacks or backfill (instigate mechanical processes) 

Chemical interaction of containers (including overpacks) with pore water 

Chemical interaction of waste with containers 

Chemical interaction of backfill with containers (including overpacks) 

Application to WMA A-AX:  Relevant to the performance assessment in analyses of releases to the atmosphere.  
Potentially deleterious FEP:  Not applicable. 

 
Radiation effects (in wastes and EBS) 2.1.13 
Definition:  FEPs related to the effects that result from the radiation emitted from the wastes that affect the wastes, containers, seals and other engineered features, and the 
overall radiogenic evolution of the near field with time. 

Comment:  Examples of relevant effects are ionization, radiolytic decomposition of water (radiolysis), radiation damage to waste matrix or container materials, helium gas 
production due to alpha decay. 
Key Concepts, examples, and related FEPs 

Radiolysis 

Decay product gas generation 

Irradiation effects on metals, concrete 

Polymer degradation (resins and high integrity containers) 

Concrete degradation 

Metallic degradation 

Application to WMA A-AX:  Applicable in the performance assessment and chemical impacts analysis, but negligible.  

Potentially deleterious FEP:  None identified. 
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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:  A chain reaction is the self-sustaining process of nuclear fission in which each neutron released from a 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 chain reaction is liable to be damped by the presence of neutron absorbing isotopes (e.g., Pu-240). 

Key Concepts, examples, and related FEPs 

Radiological criticality  
Application to WMA A-AX:  Not relevant to the tank closure performance assessment or chemical impacts analysis.  Waste inventory screened for potential for criticality. 

Potentially deleterious FEP:  Not applicable. 

 
Extraneous materials 2.1.15 
Definition: 

Comment: 

Key Concepts, examples, and related FEPs 

None  

Application to WMA A-AX:  Not relevant.  

Potentially deleterious FEP:  Not applicable. 

 
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-emplacement state and as modified by the presence of the repository and other long-term changes. 

Comment:  "Geological Environment" is a sub-category in 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 
2.2.07 to 2.2.11 describe the processes or the changes in the disposal system. 
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Disturbed zone, host lithology 2.2.01 
Definition:  FEPs related to the host lithology zone around the repository or any 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 properties due to stress 
relief.  

Key Concepts, examples, and related FEPs 

Fracture formed by the construction Change of hydraulic properties due to stress relief  
Application to WMA A-AX:  Relevant as the excavation zone for the tank farm.  

Potentially deleterious FEP:  Not applicable. 

 
Host lithology 2.2.02 
Definition:  FEPs related to the properties and characteristics of the lithology in/on which the repository is sited (excluding the zone disturbed by the construction) as they 
may evolve both before and 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 

Compressive and shear strength 

Porosity Description of the host lithology 

Application to WMA A-AX:  Relevant.  Here host lithology is considered the H2 sand in which the facility resides. 
Potentially deleterious FEP:  Uncertainties in the lithology and its properties could lead to mischaracterization of the vadose zone safety functions. 

 
Lithological units, other 2.2.03 
Definition:  FEPs related to the properties and characteristics of the lithology other than the host lithology as they may evolve both 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 unit is 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 with the saturated zone (see FEP 2.2.02). 
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Key Concepts, examples, and related FEPs 

Non-uniform stratigraphy Heterogeneity Description of the lithology units 

Application to WMA A-AX:  Relevant.  Here “other lithological units” are those below WMA A-AX (i.e., not the “host” lithology). 

Potentially deleterious FEP:  Uncertainties in the lithology and its properties could lead to mischaracterization of the vadose zone and saturated zone safety functions. 

 
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 between different rock types. 

Comment: 

Key Concepts, examples, and related FEPs 

Fault 

Intrusive dykes 

Shear zones Interfaces between different rock types 

Application to WMA A-AX:  None identified.  

Potentially deleterious FEP:  Not applicable. 

 
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 contaminant transport through the geosphere, as they may evolve both before and after repository closure. 

Comment:  Groundwater flow and contaminant transport through rocks may occur in a variety of systems depending on the rock characteristics.  Porous flow is predominantly 
through pores in the medium or through the interstitial spaces between small grains of materials.  Fracture flow is predominantly along fractures in the rock which represent 
the only connected open spaces.  Changes in the contaminant transport path characteristics due to the repository construction or its chemical influence, etc. are included. 

Key Concepts, examples, and related FEPs 

Fracture flow Fracture-matrix interaction Porous flow 
Application to WMA A-AX:  Relevant and considered in sensitivity and uncertainty analysis using alternative conceptual models.  

Potentially deleterious FEP:  Not applicable. 
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Mechanical processes and conditions (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, construction and long-term presence of the repository. 

Comment: 

Key Concepts, examples, and related FEPs 

Subsidence Upliftment  

Application to WMA A-AX:  Not relevant.  

Potentially deleterious FEP:  None identified. 

 
Hydraulic/hydrogeological processes and conditions (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, construction and long-term presence of the repository. 

Comment:  The hydrogeological regime is the characterization of the composition and movement of water through the relevant geological formations in the repository region 
and the factors that control this.  This requires knowledge of the recharge and discharge zones, the groundwater flow systems, saturation, and other factors that may drive 
the hydrogeology, such as density effects due to salinity gradients or temperature gradients.  Changes of the hydrogeological regime due to the construction and/or presence 
of the repository are included. 

Key Concepts, examples, and related FEPs 

Saline intrusion 
Darcy flow 

Non-Darcy flow 

Fracture flow 

Groundwater discharge to surface water, Soil, Estuary, Seas, Wells 
Channelling and preferential flow pathways 

Aquifer (groundwater) discharge/recharge (e.g., well) 

Saturated/unsaturated conditions 
Flow between two aquifers  

Infiltration 

Flow direction 

Application to WMA A-AX:  Relevant and considered in sensitivity and uncertainty analysis.  

Potentially deleterious FEP:  None identified. 

 
Chemical/geochemical processes and conditions (in geosphere) 2.2.08 
Definition:  FEPs related to the chemical and geochemical 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., Eh, pH, due to the excavation, construction and long-term presence of the repository.  
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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 of the hydrochemical regime due to the construction and/or presence of the repository are included. 
Key Concepts, examples, and related FEPs 

pH change 

Redox potential changes 

pH effects of cement on the environment, soil, etc. 

Mineralization changes 

Effect of non-radioactive solute plume 

Application to WMA A-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 biological and biochemical 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., microbe populations, due to the construction and long-term presence of the repository. 

Comment: 

Key Concepts, examples, and related FEPs 

Generating of chelating agents 

Influences on pH 

Influences on redox potential 

Change in microbe population 

Microbiology-enhanced mobility 

Application to WMA A-AX:  Relevant primarily in the potential effect on sorption coefficients in the geosphere.  

Potentially deleterious FEP:  None identified. 

 
Thermal processes and conditions  (in geosphere) 2.2.10 

Definition:  FEPs related to the thermal 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., temperature, due to the construction and long-term presence of the repository. 

Comment:  Geothermal regime refers to sources of geological heat, the distribution of heat by conduction and transport (convection) in fluids, and the resulting thermal field 
or gradient.  Changes of the geothermal regime due to the construction and/or presence of the repository are included. 

Key Concepts, examples, and related FEPs 

Bio-heat Chemical reactions Change in temperature 
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Application to WMA A-AX:  Not relevant except if future tank retrievals leave behind more waste than anticipated, with associated heat generation. 
Potentially deleterious FEP:  Not applicable.  

 
Gas sources and effects (in geosphere) 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 transport of bulk gases and the overall evolution of conditions with time. 
Comment:  Gas movement in the geosphere will be determined by many factors including the rate of production, gas permeability and solubility, and the hydrostatic pressure 
regime. 

Examples 

Natural gas intrusion   

Application to WMA A-AX:  Not relevant.  

Potentially deleterious FEP:  Not applicable. 

 
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 during site surveys and even during pilot tunnel excavations.  The nature of the geological environment will indicate the likelihood that certain types of 
undetected features may be present and the site investigation may be able to place bounds on the maximum size or minimum proximity to such features. 

Key Concepts, examples, and related FEPs 

Boreholes (drillings) 

Mine shafts or mine galleries 

Faults, shear zones, Breccia pipes, Lava tubes, Intrusive dykes Gas or brine pockets 

Application to WMA A-AX:  Potentially relevant, but none 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 
determined to be inconsequential. 

 
Geological resources 2.2.13 
Definition:  FEPs related to natural resources within the geosphere, particularly those that might encourage investigation or excavation at 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 

Oil and gas 

Sand, gravel, clay 

Solid minerals Water 

Application to WMA A-AX:  Relevant, only for potential use of water resources and potential driver for inadvertent intrusion.  

Potentially deleterious FEP:  None identified. Water resources included in 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, see 1.4 and 2.4. 

Comment:  Surface Environment" is a sub-category in the International FEP List and is divided into individual FEPs.  

Note that FEPs 2.3.01 to 2.3.06 describe the features in the disposal system, in other words, a description of the features of the system as it is constructed, whereas FEPs 2.3.07 
to 2.3.11 describe the processes or the changes in the disposal system. 

 
Topography and morphology 2.3.01 

Definition:  FEPs related to the relief and shape of the surface environment and its evolution. 

Comment:  This FEP refers to local land form and land form changes with implications for the surface environment, e.g., plains, hills, valleys, and effects of river and glacial 
erosion thereon.  In the long term, such changes may occur as a response to geological changes, see 1.3. 

Key Concepts, examples, and related FEPs 

Land forms 

Plains 

Hills Valleys 

Application to WMA A-AX:  Relevant, the closure cover changes the local topography.  

Potentially deleterious FEP:  None identified. 
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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/deposition and 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 of aquifers 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 
aquifers and other water-bearing features will be determined by the geological, hydrological and climatic factors. 

Key Concepts, examples, and related FEPs 

Weathered aquifer 

Sandy aquifer 

Fractured aquifer Description of aquifers in repository region 

Application to WMA A-AX:  Relevant.  

Potentially deleterious FEP:  Uncertainties in aquifer properties may lead to mischaracterization of the 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 often act as boundaries on the hydrogeological system.  They usually represent a significant source of dilution for materials (including) 
radionuclides entering these systems, but in hot dry environments, where evaporation dominates, concentration is possible. 

Key Concepts, examples, and related FEPs 

Description of lakes, rivers, streams and springs in the repository region  

RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 601 of 671



 

 

R
PP-EN

V
-62206, R

ev. 0 

 
B

-65 
 

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 
Columbia River are excluded from the analysis.  However, the Columbia exerts an indirect influence on the system through its influence on the aquifer gradient. 
Potentially deleterious FEP:  Not applicable. 

 
Coastal features 2.3.05 
Definition:  FEPs related to the characteristics of coasts and the near shore, and their evolution.  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 mechanism for dilution or accumulation of materials (including radionuclides) entering the system. 

Key Concepts, examples, and related FEPs 

Description of the coastal features in the repository 
region 

Headlands, Bays, Beaches, Spits 

Cliffs, Estuaries 
Coastal erosion 

Saline intrusion 

Salinity changes 

Sedimentation 

Resuspension 

Volatilisation 

Coastal surge 

Storm 

Tsunami 

Groundwater discharge to estuary, shore 

Bioturbation 

Tidal currents 

Sea spray  

Behaviour of coastal waters and marine sediment 
Estuarine changes 

Temperature change 

Recharge 

Bed-load processes 

Flooding 

Plant/animal uptake/metabolism 

Sand dune encroachment 

Coastal currents  

Description of coastal features in vicinity of repository 
Beach development 

Application to WMA A-AX:  Not relevant. 

Potentially deleterious FEP:  Not applicable. 

 
Marine features 2.3.06 
Definition:  FEPs related to the characteristics of seas and oceans, including the seabed, and their evolution.  Marine features include oceans, ocean trenches, shallow seas, 
and inland seas. 

Comment:  Processes operating on these features such as erosion, deposition, thermal stratification and salinity gradients, determine the development of the system and may 
represent a significant mechanism for dilution or accumulation of materials (including radionuclides) entering the system. 
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Key Concepts, examples, and related FEPs 

Ocean trenches, shallow seas 

Inland seas, Oceans 

Sedimentation 

Resuspension 

Volatilisation 

Tidal currents 

Marine currents 

Marine sediment transport and deposition 

Groundwater discharge towards sea 

Sea spray 

Sediment transport 

Sea currents  

Temperature change 

Vertical mixing and isolation 

Salinity changes 

Plant/animal uptake/metabolism 

Bed-load processes  

Description of marine features in vicinity of repository  

Recharge 

Application to WMA A-AX:  Not relevant. 

Potentially deleterious FEP:  Not applicable. 

 
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 

Physical transport of gases Chemical and photochemical reactions Aerosols and dust in the atmosphere 

Application to WMA A-AX:  Relevant to the performance objectives in DOE Order 435.1 but have limited influence on the impacts to groundwater in the chemical impacts 
analysis.  Effects of atmospheric FEPs are also relevant in a stylized way through the infiltration rate. 
Potentially deleterious FEP:  None identified. 

 
Vegetation 2.3.08 
Definition:  FEPs related to the characteristics of terrestrial and aquatic vegetation both as individual plants and in mass, and their evolution. 

Comment: 

Key Concepts, examples, and related FEPs 

Chemical changes caused by plants Description of the vegetation in vicinity of repository  
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Application to WMA A-AX:  Relevant to the estimation of recharge.  
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 of the terrestrial and aquatic animals both as individual animals and as populations, and their evolution. 

Comment: 

Key Concepts, examples, and related FEPs 

Animal diets External contamination of animals Description of the animal population in vicinity 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.  Historic recharge data considers very long time frames with varying climate. 
Potentially deleterious FEP:  None identified. 

 
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 speed and direction.  The variability in meteorology should be included so that 
extreme events such as drought, flooding, storms and snow melt are identified. 

Key Concepts, examples, and related FEPs 

Rainfall 

Snowfall 

Flooding related to high precipitation 

Storms related to strong winds 

Climate fluctuation 

Dew-freezing cycles 

Wet-dry cycles  

Seasonality 

Hurricanes 

High rainfall / Flooding 

Temperature  

Tsunamis 
Application to WMA A-AX:  Relevant to the estimation of recharge.  

Potentially deleterious FEP:  Potential changes to climate that may affect infiltration safety function are considered in sensitivity and uncertainty analysis. 

 
Hydrological regime and water balance (near-surface) 2.3.11 
Definition: FEPs related to near-surface hydrology at a catchment scale and also 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 
associated with the water such as sediments and particulate.  Extremes such as drought, flooding, storms and snowmelt may be relevant. 

Key Concepts, examples, and related FEPs 

Surface runoff to marines/estuaries 

River flow to marines/estuaries 

Evaporation 

Evapotranspiration 
Infiltration 

Groundwater discharge to surface water, soils, estuaries/marines  

Water discharge/recharge processes that effecting radionuclide content 

Stream silting  

Change in lake or reservoir levels 

Alkali flats  

Stream and river flow changes  

River meander  
Stream flow 

Application to WMA A-AX:  Relevant to the estimation of recharge.  

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

 
Erosion and deposition 2.3.12 
Definition:  FEPs related to all the erosional and 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 
factors such as the climate, vegetation, topography and geomorphology. 

Key Concepts, examples, and related FEPs 

Deposition 

Wind erosion related to storms 

Erosion related to flooding 

Erosion related to glaciation 

Coastal erosion due to rise and fall of lea level (Greenhouse effect) 

Landsliding (instigate mechanical processes) 

Erosion (instigate mechanical processes) 

Erosion by wave action, landslides or rockfalls 

Agriculture erosion 

Erosion of cover 

Weathering 

Application to WMA A-AX:  Relevant to the estimation of recharge.  
Potentially deleterious FEP:  Potential changes in surface conditions that may affect infiltration safety function are considered in sensitivity and uncertainty analysis. 

 
Ecological/biological/microbial systems 2.3.13 
Definition:  FEPs related to living organisms and relations between populations of animals, plants and their evolution. 
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Comment:  Characteristics of the ecological system include the vegetation regime, and natural cycles such as forest fires or flash floods that influence the development of 
the ecology.  The plant and 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 population dynamics.  Human activities have significantly altered the natural ecology of most environments. 
Key Concepts, examples, and related FEPs 

Ecological and biological features Chemical changes caused by micro-organisms Chemical changes caused by plants 

Application to WMA A-AX:  Relevant to the estimation of recharge.  

Potentially deleterious FEP:  Potential changes in ecology that may affect infiltration safety function are considered in sensitivity and uncertainty analysis. 

 
Animal/Plant intrusion 2.3.14 
Definition:  Animal and plant intrusion leading to vault or trench disruption. 

Comment: 

Key Concepts, examples, and related FEPs 

Seeds 

Burrowing animals 

Root intrusion (instigate mechanical processes)  

Bio-intrusion by plants and animals 

Animal intrusion (instigate mechanical processes) 

Application to WMA A-AX:  Not relevant.  Precluded by depth of disposal.  Considered in barrier design and testing. 

Potentially deleterious FEP:  Not applicable. 

 
HUMAN BEHAVIOUR 2.4 
Definition:  The habits and characteristics of the individuals or populations, e.g., critical groups, to whom exposures are calculated, not including intrusive or other activities 
which will have an impact on the performance of the engineered or geological barriers, see 1.4. 

Comment:  "Human Behaviour (passive)" is a sub-category in the International FEP List and is divided into individual FEPs. 

 
Human characteristics (physiology, metabolism) 2.4.01 
Definition:  FEPs related to characteristics, e.g., physiology, metabolism, of individual humans. 

Comment:  Physiology refers to body and organ form and function.  Metabolism refers to the chemical and biochemical reactions, which occur within an organism, or part 
of an organism, in connection with the production and use of energy. 
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Key Concepts, examples, and related FEPs 

Physiological and metabolism description of humans that will be the subject of the assessment  

Application to WMA A-AX:  Relevant to dose factors and hazard indices.  Addressed in DOE orders and standards (DOE-STD-1196-2011) and RCRA closure requirements 
for hazardous constituents. 
Potentially deleterious FEP:  Not applicable. 

 
Adults, children, infants and other variations 2.4.02 
Definition:  FEPs related to considerations of variability, in individual humans, of physiology, metabolism and 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 to different exposure characteristics. 

Key Concepts, examples, and related FEPs 

None  
Application to WMA A-AX:  Relevant to dose factors and hazard indices.  Addressed in DOE orders and standards (DOE-STD-1196-2011) and RCRA closure requirements 
for hazardous constituents. 
Potentially deleterious FEP:  Not applicable. 

 
Diet and 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 human diet refers to the range of food products consumed by humans. 

Key Concepts, examples, and related FEPs 

Diet Description of the human diet and assumptions regarding quantities/volume 
Application to WMA A-AX:  Relevant to exposure factors for DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous constituents. 

Potentially deleterious FEP:  Not applicable. 

 
Habits (non-diet-related behaviour) 2.4.04 
Definition:  FEPs related to non-diet related 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 the time spent in different environments in pursuit of different activities and other uses of materials.  Agricultural practices and human 
factors such as culture, religion, economics and technology will influence the diet and habits.  Smoking, ploughing, fishing, and swimming are examples of behaviour that 
might give rise to particular modes of exposure to environmental contaminants. 
Key Concepts, examples, and related FEPs 

Human habits 

Resource usage 

Storage of products  

Ventilation 

Location of shielding factors 

Impoundment of water 

Fishing/fish farming  

Bathing 

Description of human habits and behaviour  

Air filtration 

Application to WMA A-AX:  Relevant to exposure factors for DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous constituents. 

Potentially deleterious FEP:  Not applicable. 

 
Community characteristics 2.4.05 
Definition:  FEPs related to characteristics, behaviour and 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 by nomadic or semi-nomadic groups who roam relatively large areas of land hunting wild game and/or fish, and gathering native fruits, berries, roots and 
nuts, to obtain their dietary requirements. 
Key Concepts, examples, and related FEPs 

Demographic changes General human society description  

Application to WMA A-AX:  Addressed in DOE Order 435.1 guidance and RCRA closure requirements for hazardous constituents. 

Potentially deleterious FEP:  Not applicable. 

 
Food and water processing and preparation 2.4.06 
Definition:  FEPs related to treatment of foodstuffs and water between raw origin and consumption. 

Comment:  Once a crop is harvested or an animal slaughtered it may be subject to a variety of storage, processing and preparational activities prior to human or livestock 
consumption.  These may change the radionuclide distribution and/or content of the product.  For example, radioactive decay during storage, chemical processing, washing 
losses and cooking losses during food preparation.  

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

Water filtration Food processing  

Application to WMA A-AX:  Relevant to exposure factors for DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous constituents. 

Potentially deleterious FEP:  Not applicable. 

 
Dwellings 2.4.07 
Definition:  FEPs related to houses or other structures or shelter in which humans spend time. 
Comment:  Dwellings are the structures which humans live in.  The materials used in their construction and their location may be significant factors for determining potential 
radionuclide exposure pathways. 

Key Concepts, examples, and related FEPs 

Construction of buildings, houses 

Site occupation 

Ventilation Location and shielding factors 

Application to WMA A-AX:  Relevant to exposure factors for DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous constituents. 

Potentially deleterious FEP:  Not applicable. 

 
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:  Special foodstuffs and resources may be gathered from natural land and water, which may lead to significant modes of exposure. 

Key Concepts, examples, and related FEPs 

Natural and semi-natural environments  
Application to WMA A-AX:  Relevant to exposure factors for DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous constituents. 

Potentially deleterious FEP:  Not applicable. 

 
Rural and agricultural land and water use (incl. fisheries) 2.4.09 
Definition: FEPs related to use of permanently or sporadically agriculturally managed land and managed fisheries. 

RPP-ENV-62206 Rev.00 9/16/2020 - 10:24 AM 609 of 671



 

 

R
PP-EN

V
-62206, R

ev. 0 

 
B

-73 
 

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 of land for agriculture 

Ploughing 

Land use change 

Fertilization 

Fishing/ fish farming in estuaries/marines 

Application to WMA A-AX:  Relevant to exposure factors for DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous constituents. 

Potentially deleterious FEP:  Not applicable. 

 
Urban and industrial land and water use 2.4.10 
Definition:  FEPs related to urban and industrial developments, including transport, and their effects on hydrology and potential contaminant pathways. 

Comment:  Human populations are concentrated in urban areas in modern societies.  Significant areas of land may be devoted to industrial activities.  Water resources may 
be diverted over considerable distances to serve urban and/or industrial requirements. 

Key Concepts, examples, and related FEPs 

Water works 

Urban and industrial environments 

Water extraction through wells 

Water extraction for irrigation 

De-salination of water 

Human water extraction 
Application to WMA A-AX:  Not relevant to analyses conducted for exposures under DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous 
constituents.  Subsistence farmer scenario is more conservative. 
Potentially deleterious FEP:  Not applicable. 

 
Leisure and other uses of environment 2.4.11 
Definition:  FEPs related to leisure activities, the effects on the surface environment and implications for contaminant exposure pathways. 

Comment:  Significant areas of land, water, and coastal areas may be devoted to leisure activities, e.g., water bodies for recreational uses, mountains/wilderness areas for 
hiking and camping activities. 

Key Concepts, examples, and related FEPs 

Recreational land use Impoundment of water for bathing Beach development 
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Application to WMA A-AX:  Not relevant to analyses conducted for exposures under DOE Order 435.1 all-pathways analysis and RCRA closure requirements for hazardous 
constituents.  Subsistence farmer scenario is more conservative. 
Potentially deleterious FEP:  Not applicable. 

 
RADIONUCLIDE/CONTAMINANT FACTORS 3 
Definition:  FEPs that take place in the disposal system domain that directly affect the release and migration of radionuclides and other contaminants, or directly affect the 
dose to members of a critical group from given concentrations of radiotoxic and chemotoxic species in environmental media. 

Comment:  "Disposal System Domain: Radionuclide Factors" is a category in 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 of an unstable atomic nucleus resulting in the emission of sub-atomic particles.  Radioactive isotopes are known 
as radionuclides.  Where a parent radionuclide decays to a daughter radionuclide so that the population of the daughter radionuclide increases this is known as in-growth. 

Comment:  In post-closure assessment models, radioactive decay chains are often simplified, e.g., by neglecting the shorter-lived radionuclides in transport calculations, or 
adding dose contributions from shorter-lived radionuclides to dose factors for the longer-lived parent in dose calculations. 

Key Concepts, examples, and related FEPs 

Production of aqueous progeny Radon emanation  

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

Potentially deleterious FEP:  Not applicable. 

 
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  

Application to WMA A-AX:  Relevant. 

Potentially deleterious FEP:  Not applicable. 

 
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  

Application to WMA A-AX:  Relevant. 
Potentially deleterious FEP:  None identified. 

 
Volatiles and potential for volatility 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 of gaseous elements (e.g., Kr isotopes) or may form volatile compounds.  Gaseous radionuclides or species may arise from 
chemical or biochemical reactions, e.g., metal corrosion to yield hydrogen gas and microbial degradation of organic material to yield methane and carbon dioxide. 
Key Concepts, examples, and related FEPs 

None  

Application to WMA A-AX:  Relevant to this impacts analysis through inhalation of contaminated water vapor. 

Potentially deleterious FEP:  Not applicable. 

 
Organics and potential 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 term content  
Application to WMA A-AX:  Relevant, but concentrations of organic species in residual waste are low and their effects have been screened out. 

Potentially deleterious FEP:  Not applicable. 

 
Noble gases 3.1.06 
Definition:  FEPs related to the characteristics of noble gases. 
Comment:  Radon and thoron are special cases, see FEP 3.3.08. 

Key Concepts, examples, and related FEPs 

None  

Application to WMA A-AX:  Not relevant. 

Potentially deleterious FEP:  Not applicable. 

 
CONTAMINANT RELEASE/MIGRATION FACTORS 3.2 
Definition:  The processes that directly affect the release and/or migration of radionuclides in the disposal system domain. 

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

 
Dissolution, precipitation and crystallisation, contaminant 3.2.01 
Definition:  FEPs related to the dissolution, precipitation and crystallisation of radiotoxic and chemotoxic species under repository or environmental conditions. 

Comment:  Dissolution is the process by which constituents of a solid dissolve into solution.  Precipitation and crystallisation are processes by which solids are formed out 
of liquids.  Precipitation occurs when chemical species in solution react to produce a solid that does not remain in solution.  Crystallisation is the process of producing pure 
crystals of an element, molecule or mineral from a fluid or solution undergoing a cooling process.  
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Key Concepts, examples, and related FEPs 

Chemical reactions caused by dissolution and precipitation of radionuclides 

Change in mineralization 

Caused by chemical interaction of vault material with pore water 

Caused by chemical interaction of backfill with pore water 

Caused by chemical interaction of non-radioactive waste with radioactive waste 

Caused by a change in temperature 

Application to WMA A-AX:  Relevant. 

Potentially deleterious FEP:  Potential rapid waste dissolution may affect the safety function of the 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 or environmental conditions. 

Comment:  The solubility of a substance in aqueous solution is an expression of the degree to which it dissolves.  Factors such as temperature and pressure affect solubility, 
as do the pH and redox conditions.  These factors affect the chemical form and speciation of the substance.  Thus, different species of the same element may have different 
solubilities in a particular solution.  Porewater and groundwater speciation and solubility are very important factors affecting the behaviour and transport of radionuclides. 

Key Concepts, examples, and related FEPs 

Species equilibrium change caused by change in 
temperature 

Solubility change caused by change in temperature 
Solubility 

Solubility change caused by chemical interaction 
between waste and pore water 

Application to WMA A-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 is often described by a simple partition constant (Kd), which is the ratio of solid phase 
radionuclide concentration to that in solution.  This assumes that sorption is reversible, reaches equilibrium rapidly, and is independent of variations in water chemistry or 
mineralogy along the flow path, the solid-water ratio, or concentrations of other species.  More sophisticated approaches involve the use of sorption isotherms. 
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Key Concepts, examples, and related FEPs 

Sorption 

Chemical reactions caused by adsorption or desorption 

Anion exclusion effects 

Effect of sorption 

Caused by chemical interaction of waste with pore 
water 

Caused by chemical interaction of non-radioactive 
waste with radioactive waste  

Sorption change caused by change in temperature 

Application to WMA A-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 and transport with 3.2.04 
Definition:  FEPs related to the transport of colloids and interaction of radiotoxic and chemotoxic species with colloids in repository or environmental conditions. 
Comment:  Colloids are particles in the nanometre to micrometre size range which can form stable suspensions in a liquid phase.  Metastable solid phases are unstable 
thermodynamically but exist due to the very slow kinetics of their alteration into more stable products.  Colloids are present in groundwater and may also be produced during 
degradation of the wastes or engineered barrier materials.  

Colloids may influence radionuclide transport in a variety of ways:  retarding transport by sorption of aqueous radionuclide species and subsequent filtration, or enhancing 
transport by sorption and transport with flowing groundwater. 

Key Concepts, examples, and related FEPs 

Colloid formation 

Caused by chemical interaction of waste with pore water 

Caused by chemical interaction of backfill with pore water 

Colloid transport 

Caused by chemical interaction of 
non-radioactive waste with 
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:  Not applicable. 

 
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 FEP refers to any chemical agents that are present in the repository system and the effects that they may have on the release and migration of radionuclides 
from the repository environment.  Chemical agents may be present in the wastes or in repository materials or introduced, e.g., from spillage 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 waste with pore water 
Caused by chemical interaction of backfill with pore water 

Caused by chemical interaction of non-radioactive waste with radioactive waste 

Microbial 

Application to WMA A-AX:  Potentially relevant to chemical safety functions, but of minimal effect owing to low concentrations of organic material in residual waste.  

Potentially deleterious FEP:  Potential for decrease in chemical safety functions. 

 
Microbial/biological/plant-mediated processes, contaminant 3.2.06 
Definition:  FEPs related to the modification of speciation or phase change due to microbial/biological/plant activity. 
Comment:  Microbial activity may facilitate chemical transformations of various 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 safety functions.  Uncertainties in sorption are addressed in sensitivity and uncertainty analyses. 

 
Water-mediated transport of contaminants 3.2.07 
Definition:  FEPs related to transport of radiotoxic and chemotoxic species in groundwater and surface water in aqueous phase and as sediments in surface water bodies. 

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

Multiphase transport processes 

Surface water aqueous transport 

Transport by surface runoff 

Transport in water bodies 

Percolation 

Capillary rise 

Groundwater transport 

Infiltration 
Dual flow systems 

Advection, i.e., movement with the bulk movement of the 
fluid (in fractures, failed joints and matrix) 

Molecular diffusion, i.e., random movement of individual 
atoms or molecules within the fluid 

Dispersion, i.e., the spread of spatial distribution with time 
due to differential advection 

Matrix diffusion, i.e., the diffusion or micro-advection of 
solute/colloids etc. into non-flowing pores 
Transport of colloids  

Percolation, i.e., movement of the fluid under gravity 

Transport processes between surface water and porous 
media 

Isotopic dilution 
Mass dilution  

Discharge of radionuclides to sea 

Fracture-matrix interaction  

Discharge of radionuclides to foreshore 

Transport of suspended sediment 

Application to WMA A-AX:  Relevant and addressed in the performance assessment and impacts analysis.  

Potentially deleterious FEP:  Not applicable. 

 
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 

Land slides 

Rock falls  

Rain splash 

Transport by suspended sediments (sedimentation) 

Erosion 

Solid material release  

Solid phase transport by water 

Wet deposition  

Washout 

Application to WMA A-AX:  Not relevant owing to depth of disposal and facility stability.  
Potentially deleterious FEP:  Not applicable. 
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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 from the 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 of them. 

Key Concepts, examples, and related FEPs 

Gas mediated water flow 

Gaseous release 

Atmospheric gas transport 

Gas phase processes 

Diffusion  

Atmospheric aerosol transport 

Barometric pumping 

Overpressurization 

Application to WMA A-AX:  Relevant, but gas, vapor or particulate releases assumed to be negligible; no hazardous gasses identified. 

Potentially deleterious FEP:  None identified. 

 
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 
dusts and particulates or as aerosols.  The atmospheric system may represent a significant source of dilution 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  
Application to WMA A-AX:  Relevant, but gas, vapor or particulate releases assumed to be negligible; no hazardous gasses identified.  

Potentially deleterious FEP:  None identified. 

 
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 movement of contaminated microbes are included. 
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Key Concepts, examples, and related FEPs 

Discharge of radionuclides to soil layer (biotic intrusion) 

Animal/Plant intrusion 

Transport mediated by flora and fauna 

Uptake and desorption 

Bioturbation 

Intake and emission by animals 

Application to WMA A-AX:  Not relevant owing to depth of disposal and facility design except the potential for microbially mediated transport.  Microbes have a potential 
effect on chemical safety functions (changes in sorption) but these are expected to be small owing to small concentrations of energy sources for microbes in the vadose zone. 
Potentially deleterious FEP:  Potential changes to chemical safety functions.  

 
Human-action-mediated transport of contaminants 3.2.12 
Definition:  FEPs related to transport of radiotoxic and chemotoxic species as a direct result of human actions. 

Comment:  Human-action-mediated transport of contaminants includes processes such as drilling into or excavation of the repository, the dredging of contaminated sediments 
from lakes, rivers and estuaries and placing them on land.  Earthworks and dam construction may result in the significant movement of solid material from one part of the 
biosphere to another.  Ploughing results in the mixing of the top layer of agricultural soil, usually on an annual basis. 

Key Concepts, examples, and related FEPs 

Dredging of sediments Ploughing Water abstraction 

Application to WMA A-AX:  Not Relevant owing to depth of disposal and facility design.  
Potentially deleterious FEP:  None identified.  

 
Foodchains, uptake of contaminants in 3.2.13 
Definition:  FEPs related to incorporation of radiotoxic and chemotoxic species into plant or animal species that are part of the possible eventual food chain to humans. 

Comment:  Plants may become contaminated either as a result of direct deposition of radionuclides onto their surfaces or indirectly as 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 
contaminated soils, 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 

External contamination of animals 

Crops and natural and semi-natural flora and fauna Internal transfer of radionuclides within animals 

Application to WMA A-AX:  Relevant for the exposure pathways evaluated in the PA but not for the RCRA closure requirements for hazardous constituents.  

Potentially deleterious FEP:  None identified. 
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EXPOSURE FACTORS 3.3 

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

Comment:  Exposure Factors" is a sub-category in the International FEP List and is divided into individual 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 that may be consumed by human. 

Comment:  

Key Concepts, examples, and related FEPs 

Internal transfer of radionuclides within animals Crops and natural and semi-natural flora and fauna  
Application to WMA A-AX:  Relevant to and considered in EPA Tap Water exposure scenario (drinking water only).  

Potentially deleterious FEP:  None identified. 

 
Environmental media, contaminant concentrations in 3.3.02 
Definition:  FEPs related to the presence of radiotoxic and chemotoxic species in environmental media other than drinking water, foodstuffs or drugs. 

Comment:  The comparison of calculated contaminant concentrations in environmental media with naturally-occurring concentrations of similar species or species of similar 
toxic potential may provide alternative or additional criteria for assessment less dependent on assumptions of human behaviour. 

Key Concepts, examples, and related FEPs 

None  
Application to WMA A-AX:  Not relevant.  

Potentially deleterious FEP:  None identified. 

 
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, building materials, natural fibres or animal skins used in 
clothing, and the use of peat for fuel. 

Key Concepts, examples, and related FEPs 

None  
Application to WMA A-AX:  Not relevant to DOE Order 435.1 exposure scenarios or RCRA closure requirements for hazardous constituents.  

Potentially deleterious FEP:  Not applicable. 

 
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 from airborne plumes of radioactive materials 
Injection through wounds 

Cutaneous absorption of some species  

External exposure through water or sediment 

Dermal exposure 

Immersion in contaminated water bodies 
Ingestion (internal exposure) from drinking or eating contaminated water or foodstuffs 

Inhalation (internal exposure) from inhaling gaseous or particulate radioactive materials 

External exposure as a result of direct irradiation from radionuclides deposited on, or present 
on, the ground, buildings or other objects  

Application to WMA A-AX:  Relevant to and considered in EPA Tap Water exposure scenario.  
Potentially deleterious FEP:  None identified. 

 
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 of the body. 

Comment:  Dosimetry involves the estimation of radiation dose to individual organs, tissues, or the whole body, as a result of exposure to radionuclides.  The radiation dose 
will depend on:  the form of exposure, e.g., ingestion or inhalation of radionuclides leading to internal exposure or proximity to concentrations of radionuclides leading to 
external exposure; the metabolism of the radioelement and physico-chemical form if inhaled or ingested, which will determine the extent to which the radionuclide may be 
taken up and retained in body tissues; and the energy and type of radioactive emissions of the radionuclide which will affect the distribution of energy within tissues of the 
body. 
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Key Concepts, examples, and related FEPs 

None  

Application to WMA A-AX:  Relevant to and considered in EPA Tap Water exposure scenario.  

Potentially deleterious FEP:  None identified. 

 
Radiological toxicity/effects 3.3.06 
Definition:  FEPs related to the effect of radiation on man or other organisms. 
Comment:  Radiation effects are 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 WMA A-AX:  Not relevant to this impacts analysis which focuses on non-radioactive chemicals. 

Potentially deleterious FEP:  Not applicable. 

 
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  

Application to WMA A-AX:  Relevant to and considered in EPA Tap Water exposure scenario. 

Potentially deleterious FEP:  Not applicable. 

 
Radon and radon daughter exposure 3.3.08 

Definition:  FEPs related to exposure to radon and radon daughters. 
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Comment:  Radon and radon daughter exposure is considered separately to exposure to other radionuclides because the behaviour of radon and its daughter, and the modes 
of exposure, are different to other radionuclides. 

Radon (Rn-222) is the immediate daughter of radium (Ra-226).  It is a noble gas with a half-life of about 4 days and decays through a series of very short-lived radionuclides 
(radon daughters), with half-lives of 27 minutes or less, to a lead isotope (Pb-210) with a half-life of 21 years.  The principal mode of exposure is through the inhalation of 
radon daughters attached to dust particles, which may deposit in the respiratory system. 

Key Concepts, examples, and related FEPs 

Radon emanation  
Application to WMA A-AX:  Relevant to the PA but not relevant to this impacts analysis which focuses on non-radioactive chemicals.  

Potentially deleterious FEP:  None identified. 
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APPENDIX C 1 
 2 

TANK RESIDUAL WASTE CHARACTERISTICS 3 
 4 
This Appendix compiles the residual waste characteristics used in the Waste Management Area 5 
(WMA) A-AX system model. 6 
 7 
Table C-1 presents the list of chemicals used in the model and their inventories by source.   8 
Table C-2 presents the residual waste volumes used in the model by source. 9 
 10 
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Table C-1.  Residual Inventories Used in Waste Management Area A-AX Tap Water Scenario Calculations (kilograms). 

Chemical 
Tanks (“241-“ prefix omitted) A Farm 

Non-Tank 
Sources 

AX Farm 
Non-Tank 
Sources A-101 A-102 A-103 A-104 A-105 A-106 AX-101 AX-102 AX-103 AX-104 

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 

Sr 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 isotopes reported in 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). 

1 
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Table C-2.  Residual Waste Parameters Used in Waste Management 
Area A-AX Tap Water Scenario Calculations. 

Source Residual Waste Volume (L)a Cross-sectional Area (m2)b 

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 

AX Non-Tank 4.10E+03 6.64E+03 

aTank 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, Table 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. 

 1 
  2 
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APPENDIX D 1 
 2 

PARAMETERS AND VALUES USED IN THE WASTE MANAGEMENT AREA A-AX 3 
SYSTEM MODEL 4 

 5 
This Appendix compiles the parameters in the Waste Management Area (WMA) A-AX system 6 
model and the values used for those parameters arranged by topic.  7 
 8 
Table D-1 contains single parameters (i.e., not tables of values) used in the WMA A-AX system 9 
model. 10 
 11 
Inventory and waste volume are reported in Appendix C. 12 
 13 
Distribution coefficients are reported in Appendix E. 14 
 15 
Exposure factor parameters are reported in Appendices F and G. 16 
 17 
The system model contains parameters for other scenarios that are not discussed in the chemical 18 
impacts analysis that is evaluated using the EPA Tap Water scenario and therefore are not 19 
reported in these Appendices.  In addition, these appendices only document the deterministic 20 
values used in the chemical impacts analysis; the listed values do not include the uncertainty for 21 
each parameter. 22 
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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 Term and Engineered Features 

Bulk density of concrete base slab layer 2.41 g/cm3 Grout_Bulk_Density RPP-RPT-50934 
Bulk density of intact grout 1.8 g/cm3 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 
Tank base slab thickness (241-A Tank Farm) 8 in Base_Slab_Thickness_A_Tank RPP-RPT-58693 
Tank base slab thickness (241-A Tank Farm) 17.5 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 intact grout 0.269 — Porosity_Intact_Tank_Grout RPP-RPT-58693 
Porosity of residual waste 0.4 — Waste_Porosity RPP-ENV-58782 
Saturation of an 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 equipment in 241-A Tank Farm 11,031.92 m2 Base_Area_Tank[A_NonTank] RPP-RPT-60101 
Release footprint for ancillary equipment in 241-AX Tank Farm 6640.204 m2 Base_Area_Tank[AX_NonTank] RPP-RPT-60101 

Source Term Implementation 
Chromium dissolved concentration limit 2,000 µg/L Diss_Conc_Limit_Cr_Source Cantrell, et al. 2013 
Effective diffusion coefficient in concrete 3E-8 cm2/s Grout_Diff_Coeff_Best RPP-RPT-58693 
Uranium solubility limit (first 1,000 years) 1E-4 M Solubility_U_Source Cantrell, et al. 2013; 

Cantrell, et al. 2011 
Uranium solubility limit (rest of simulation; intact tank) 1E-6 M Solubility_U_Source Cantrell, et al. 2013; 

Cantrell, et al. 2011 
Uranium solubility limit (rest of simulation, degraded tank) 2E-5 M Solubility_U_Source Cantrell, et al. 2013; 

Cantrell, et al. 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 backfill in 241-A Tank Farm 2.15 g/cm3 Soil_Bulk_Density_A RPP-RPT-60885 
Porosity of the backfill in 241-A Tank Farm 0.174 — Soil_Porosity_A RPP-RPT-60885 
Gravel content of the backfill in 241-A Tank Farm 0.58 — Gravel_Content_Backfill_A RPP-RPT-60885 
Bulk density of the backfill in 241-AX Tank Farm 1.67 g/cm3 Soil_Bulk_Density_AX RPP-RPT-60885 
Porosity of the backfill in 241-AX Tank Farm 0.384 — Soil_Porosity_AX RPP-RPT-60885 
Gravel content of the backfill in 241-AX Tank Farm 0.07 — Gravel_Content_Backfill_AX RPP-RPT-60885 
Thickness of soil layer above pipelines and ancillary equipment 6 m Soil_Above_Pipe_Thick RPP-RPT-60885 
Thickness of soil layer between pipelines and tank bottoms 10 m Soil_Below_Pipe_Thick RPP-RPT-60885 
Thickness of soil layer above single-shell tanks 6 m Soil_Thickness RPP-RPT-60885 
Bulk density of the Hanford formation H1 gravelly-sands 1.67 g/cm3 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 
Thickness of H1 in vadose zone underneath single-shell tanks in 
241-A Tank Farm 

3 m H1_Top_Thick_A, 
H1_Bottom_Thick_A 

RPP-RPT-60885 

Bulk density of the Hanford formation H2 gravelly-sands 1.67 g/cm3 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 
Thickness of H2 in vadose zone underneath single-shell tanks in 
241-A Tank Farm 

62.25 m H2_Top_Thick_A, 
H2_Middle_Thick_A, 
H2_Bottom_Thick_A 

RPP-RPT-60885 

Thickness of H2 in vadose zone underneath single-shell tanks in 
241-AX Tank Farm 

52 m H2_Thick_AX_a to 
H2_Thick_AX_j 

RPP-RPT-60885 

Bulk density of the Hanford formation H3 sandy gravels 2.15 g/cm3 H3_Bulk_Density RPP-RPT-60885 
Porosity of the Hanford formation H3 sandy gravels 0.174 — H3_Porosity RPP-RPT-60885 
Thickness of H3 in vadose zone underneath single-shell tanks in 
241-A Tank Farm 

1.5 m H3_Thick_A RPP-RPT-60885 
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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 
Thickness of H3 in vadose zone underneath single-shell tanks in 
241-AX Tank Farm 

13 m H3_Top_Thick_AX, 
H3_Bot_Thick_AX 

RPP-RPT-60885 

Gravel content of the Hanford formation H3 sandy gravels 0.66 — Gravel_Content_H3 RPP-RPT-60885 
Bulk density of the Cold Creek Unit silts (CCUz) 1.6 g/cm3 CCUz_Bulk_Density RPP-RPT-60885 
Porosity of the 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 vadose zone underneath single-shell tanks in 
241-A Tank Farm 

3 m CCUz_Thick_A RPP-RPT-60885 

Thickness of CCUz in vadose zone underneath single-shell tanks in 
241-AX Tank Farm 

4 m CCUz_Thick_AX RPP-RPT-60885 

Bulk density of the Cold Creek Unit gravels (CCUg) 2.15 g/cm3 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 
241-A Tank Farm 

5 m CCUg_Thick_A RPP-RPT-60885 

Thickness of CCUg in vadose zone underneath single-shell tanks in 
241-AX Tank Farm 

3 m CCUg_Thick_AX RPP-RPT-60885 

Implementation of Groundwater Transport Pathway 
Darcy flow rate (241-A Tank Farm) 45 m/yr 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 for the CCUg gravel 18,200 m/day K_Sat_SZ_Mode 

SZ_Hyd_Cond RPP-RPT-60101 

Hydraulic gradient in saturated zone 5E-6 m/m SZ_Hyd_Gradient RPP-RPT-60101 
Longitudinal dispersivity in aquifer 10.5 m SZ_Long_Disp_Best, 

SZ_Dispersivity_Best 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 
Average thickness of the aquifer (water table to lower confining 
layer) 

13.25 m Avg_Sat_Thickness RPP-RPT-60885 

Recharge 
Surface barrier failure time 500 yr Surface_Barrier_Failure_Time RPP-ENV-58813 
Recharge rate (intact surface barrier – 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) 3.5 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, “Thermodynamic 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-A and 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 Flow and Contaminant Transport Numerical Model used in WMA A-AX Performance Assessment and 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-STI-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 1 
 2 

DISTRIBUTION COEFFICIENT ESTIMATES USED IN THE WASTE MANAGEMENT 3 
AREA A-AX IMPACTS ANALYSIS MODELS 4 

 5 
Table E-1 gives the complete list of sand distribution coefficient (Kd) values used in the Waste 6 
Management Area (WMA) A-AX system model with their references.  Table E-2 gives the 7 
complete list of silt Kd values used in the WMA A-AX system model with their references.  8 
Table E-3 gives the complete list of grout and concrete Kd values used in the WMA A-AX 9 
system model with their references.  All three tables include the minimum and maximum values 10 
applicable to the uncertainty analysis distribution for the uncertainty analysis conducted in 11 
RPP-ENV-61497, Preliminary Performance Assessment of Waste Management Area A-AX, 12 
Hanford Site, Washington. 13 
 14 

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 Likelya Minimumb Maximumc 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 

B 3 3 3 RPP-RPT-46088 

C 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 CLARC;  
RPP-ENV-58782 Table 8-6 

I 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 Likelya Minimumb Maximumc Basis 

Ni 3 1 20 PNNL-17154 Table A.4 

NO2 0 0 0.1 PNNL-17154 Table A.4 

NO3 0 0 0.1 PNNL-17154 Table A.4 

Np 10 2 30 PNNL-17154 Table A.4 

Pa 10 2 30 Assume analogue to Np 

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 0 No relevant information; 
RPP-ENV-58782 Table 8-6 

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 

aGoldSim© 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 Table], 

https://fortress.wa.gov/ecy/clarc/FocusSheets/CLARC%20Master%20Spreadsheet.xlsx. 
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, Flow and Transport in the Natural System at Waste Management Area C.  
 
GoldSim© simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see 
http://www.goldsim.com). 

 1 
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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 Likelya Minimumb Maximumc Basis 

Ac 350 100 1,500 Assumes sand fraction values apply 

Al 1,500 1,500 1,500 Assumes sand fraction values apply 

Am 600 200 2,000 PNNL-17154 Table A.5 

B 3 3 3 Assumes sand fraction values apply 

14 1 0 100 PNNL-17154 Table A.5 

Cd 6.7 6.7 6.7 Assumes sand fraction values apply 

Cm 350 100 1,500 Assumes sand fraction values apply 

CN 0 0 0 Assumes sand fraction values 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 fraction values apply 

H 0 0 0 Assumes sand fraction values apply 

Hg 52 52 100 Assumes sand fraction values apply 

I 0.2 0 2 PNNL-17154 Table A.5 

Mn 65 65 65 Assumes sand fraction values apply 

Nb 0 0 0.1 Assumes sand fraction values apply 

Ni 10 3 60 PNNL-17154 Table A.5 

NO2 0 0 0.1 PNNL-17154 Table A.5 

NO3 0 0 0.1 PNNL-17154 Table A.5 

Np 10 2 50 PNNL-17154 Table A.5 

Pa 10 2 50 Assume analogue to Np 

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 fraction values apply 

Se 0.3 0 10 PNNL-17154 Table A.5 

Sm 10 3 100 Assumes sand fraction values 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 Likelya Minimumb Maximumc Basis 

Sn 1.5 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 fraction values apply 

Tc 0 0 0.1 Assumes sand fraction values apply 

Th 300 40 500 Assumes sand fraction values apply 

U 0.6 0.2 2 Assumes sand fraction values apply 

Zr 300 40 500 Assumes sand fraction values apply 

aGoldSim© element name:  Kd_Silt_Best. 
bGoldSim© element name:  Kd_Silt_Min. 
cGoldSim© element name:  Kd_Silt_Max. 
 
Reference:  PNNL-17154, Geochemical Characterization Data Package for the Vadose Zone in the Single-Shell Tank Waste 
Management Areas at the Hanford Site.  
 
GoldSim© simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see 
http://www.goldsim.com). 

 1 
In the chemical impacts analysis the tabulated values are corrected for gravel content using 2 
gravel content values reported in Appendix D. 3 
 4 
  5 
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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 Minimuma Bestbc 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 

B 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 0.1 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 

NO2 0 0 0 No relevant information 

NO3 0 0 0 No relevant information 

Np 71.4 100 140 NAGRA NTB 02-20 

Pa 71.4 100 140 NAGRA NTB 02-20 

Pb 360 500 710 NAGRA NTB 02-20 

Pu 71.4 100 140 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 Minimuma Bestbc 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 1.4 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 

aGoldSim© element name:  Kd_Grout_Min. 
bThe best estimate value is used for deterministic calculations. 
cGoldSim© element name:  Kd_Grout_Best. 
dGoldSim© element name:  Kd_Grout_Max. 
 
References: 
NAGRA NTB 02-20, Cementitious Near-Field Sorption Data Base for Performance Assessment of an ILW 

Repository in Opalinus Clay. 
NIROND-TR 2008-23 E, Review of sorption values for 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 uppföljning av SAFE. 
 
GoldSim© simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see 
http://www.goldsim.com). 
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APPENDIX F 1 
 2 

TAP WATER SCENARIO PARAMETER INPUTS 3 
 4 
This Appendix contains the non-contaminant specific EPA Tap Water scenario parameters and 5 
the corresponding values used in the Waste Management Area A-AX impacts analysis system 6 
model. 7 
 8 
Contaminant-specific values are reported in Appendix G. 9 
 10 
 11 
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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 Equation 
Symbol Value Units GoldSim© 

Element Name Reference 

Exposure Frequency, Exposure Duration, and Exposure Time Variables 
Exposure frequency – resident EFr 350 days/year EF_r RPP-ENV-58813, Rev. 1, Table H-1 
Exposure duration – resident EDr 26 year ED_r RPP-ENV-58813, Rev. 1, Table H-1 
Exposure duration – adult resident EDr-a 20 year ED_ra RPP-ENV-58813, Rev. 1, Table H-1 
Exposure duration – child resident EDr-c 6 year ED_rc RPP-ENV-58813, Rev. 1, Table H-1 
Immersion event frequency EVr 1 events/day EV_r RPP-ENV-58813, Rev. 1, Table H-1 
Resident exposure time ETr 24 hrs/day ET_r RPP-ENV-58813, Rev. 1, Table H-1 
Carcinogenic averaging time – resident ATc 25,550 days AT_c RPP-ENV-58813, Rev. 1, Table H-2 
Noncarcinogenic averaging time – resident ATnc 2,190 days AT_nc RPP-ENV-58813, Rev. 1, Table H-2 

Inhalation and Ingestion Rates 
Drinking water ingestion rate – adult resident IRWr-a 2.5 L/day IRW_ra RPP-ENV-58813, Rev. 1, Table H-1 
Drinking water ingestion rate – child resident IRWr-c 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 0.5 L/m3 K RPP-ENV-58813, Rev. 1, Table H-1 

Skin Surface Area and Dermal Absorbed Dose Variables 
Skin surface area – adult resident SAr-a 20,900 cm2 SA_ra RPP-ENV-58813, Rev. 1, Table H-2 
Skin surface area – child resident SAr-c 6,378 cm2 SA_rc RPP-ENV-58813, Rev. 1, Table H-2 
Body weight – adult BWa 80 kg BW_a RPP-ENV-58813, Rev. 1, Table H-2 
Body weight – child BWc 15 kg BW_c RPP-ENV-58813, Rev. 1, Table H-2 

RPP-ENV-58813, Exposure Scenarios for Risk and Performance Assessments in Tank Farms at the Hanford Site, Washington. 
 
GoldSim© simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see http://www.goldsim.com). 
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This Appendix contains contaminant-specific EPA Tap Water scenario parameters and the 6 
corresponding values used in the Waste Management Area A-AX impacts analysis system 7 
model. 8 
 9 
Appendix F contains EPA Tap Water scenario parameters that are not contaminant-specific. 10 
 11 
 12 

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



 

 

R
PP-EN

V
-62206, R

ev. 0 

 
G

-2 

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 RfCia IUR GIABS_CHEM Kp 

Chemical Name 

Oral 
Reference 

Dose (RfDo) 

Oral Cancer 
Slope Factor 

(CSFo) 

Inhalation Reference 
Concentration 

(RfC) 

Inhalation 
Unit Risk 

(IUR) 

Fraction of 
Contaminant Absorbed 

in GI Tract (GIABS) 

Dermal 
permeability 

coefficient (Kp) 
(mg/kg-day) (mg/kg-day)-1 (mg/m3) (µg/m3)-1 (unitless) (cm/hr) 

Aluminum 1 —b — — 1 0.001 
Boron 0.2 — — — 1 0.001 
Chromium 1.5 — — — 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 
Tributyl phosphate 0.01 0.009 — — 1 0.0228 
Uranium 0.003 — — — 1 0.001 
Source:  RPP-ENV-58806, RCRA Closure of Tank Waste Residuals Impacts at Waste Management Area C, Hanford Site, Washington, Rev. 1, Table 7-20. 
 
aWhile no reference concentration values are available for this contaminant list , a value of 1×109 µg/m3 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 is no value available for this chemical. 
 
GoldSim© simulation software is copyrighted by GoldSim Technology Group LLC of Issaquah, Washington (see http://www.goldsim.com). 
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