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 1 
Figure 6-56-6.  Distribution Function for an Imprecisely Known Variable 2 

6.1.5.3 Propagation of the Sample through the Analysis 

xt step is the propagation of the sample through the analysis.  Each element of the sample 
lied to the model system as input, and the corresponding model system predictions are 
or later use in uncertainty and sensitivity studies.  The Software Configuration 
ement System (SCMS) 

3 

The ne4 
is supp5 
saved f6 
Manag has been was developed to facilitate the complex calculations 

ed by the model system and to store the input and output files from each program.
7 

perform  8 

6.1.5.4 Uncertainty Analysis 9 

Uncertainty analyses evaluat rtainty in performance estimat sults y 10 
about 

e unce es that re  from uncertaint
imprecisely known input parameters.  Once a sample has been generated and propagated 11 

th  can be interpreted directly f12 
di nce assessment

rough the modeling system, uncertainty in the outcome
splay of the results.  For the WIPP 

rom the 
performa PA, stochastic uncertainty is 13 

represented by the shape of the individual CCDFs displayed in Section 6.5.  Subjective 14 
uncertainty is represented by the family of CCDFs displayed in Section 6.6.15 
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6.1.5.5 Sensitivity Analysis 

nsitivity analyses determ

1 

Se ine the contribution of individual input variables to the uncertainty in 2 
m listic study.  analyses 3 
id

odel predictions.  This is the final step in a probabi
entify 

  Sensitivity can 
those parameters for which reductions in uncertainty (that is, narrowing of the range of 4 

va  analysis is  have the gr t 5 
po posal sy rformance.  However, 6 
because results of these analyses are inherently conditional on the models, data distributions, and 7 
te ide insi

lues from which the sample used in the Monte Carlo
tential to increase confidence in the estimate of the dis

drawn)
stem�s pe

eates

chniques used to generate them, the analyses cannot prov ght to o
ent abou

n the correc  the 8 
co ualitative judgm t the modeling system 9 
m rform sessment

tness of
nceptual models and data distributions used.  Q
ust be used with sensitivity analyses to set priorities for pe ance as PA  10 

ac onduc  the WIPP 11 
pe

 data
quisition and model development.  Sensitivity analyses c ted as part of
rformance assessmentPA are described in Appendix PA SA. 12 

6. ts, and P13 

Th  in 4 4.32.  In p ular, 14 
cr elating to the identification of potential processes and events that may affect the 15 
performance of the 

2 Identification and Screening of Features, Even rocesses 

e EPA has provided criteria concerning the scope of PAs
iteria r

0 CFR § 19 artic

disposal system are provided in Section40 CFR § 194.32(e), which states that 16 

17 

18 
may occur during the regulatory time frame and may affect the disposal system; 19 

20 
21 

s why any processes, events or sequences and combinations of processes and events 22 
ant to paragraph (e)(1) of this section were not included in performance 23 

24 

This se

Any compliance application(s) shall include information which: 

(1) Identifies all potential processes, events or sequences and combinations of processes and 
events that 

(2) Identifies the processes, events or sequences and combinations of processes and events 
included in performance assessments; and 

(3) Document
identified pursu
assessment results provided in any compliance application. 

ction, and CCA Appendix SCR, and Appendix PA, Attachment SCR fulfill these criteria 
umenting DOE�s identification, screening, and screening results of all 

25 
by doc potential processes 26 
and e27 

As disc28 
identifi29 
system

 ev nts consistent with the criteria specified in 40 CFR § 194.32(e). 

ussed in Section 6.1.4, the first two steps in scenario development involve the 
cation and screening of FEPs potentially relevant to the performance of the disposal 
.  This section contains a discussion of discusses the development of a comprehensive 
et of FEPs used in the CCA, the methodology and criteria used for screening, the met
 reassess the CCA FEPs for the CRA-2004, and a summary of the FEPs retained for 
o developmen

30 
initial s hod 31 
used to32 
scenari t.  Detailed discussion of the basis for eliminating or retaining particular 33 
FEPs is provided in Appendix PA, Attachment SCR.  The formation of scenarios formed from

ined FEPs 
 34 

reta is are discussed in Section 6.3, and the specification of scenarios specified for
uence analysis 

 35 
conseq is are addressed in Section 6.4.12. 36 

The original FEPs generation and screening we37 
FE  l  was 38 
docum ew of FEPs was 39 

re documented in the CCA and the resulting 
Ps ist became the FEPs compliance baseline.  The baseline contained 237 FEPs and

ented in Appendix SCR of the CCA.  The EPA compliance revi
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documented in EPA�s Technical Support Document 194.32:  Scope of PA (EPA 1
e EPA numbered each FEP with a different scheme than the

998, V-B-1 
21).  Th  DOE used for the CCA.  2 
The DOE has since adopted EPA�s numbering scheme. 3 

4 6.2.1 Identification of Features, Events, and Processes 

The first step of the scenario development procedure is identification identifying and 5 
classification of classifying FEPs potentially relevant to the performance of the disposal system
performance.  Catalogs of FEPs have been developed in several national radioactive w
disposal programs, as well as internationally.  In constructing a comprehensive list of FEPs for 
the WIPP, the DOE drew on 

 6 
aste 7 

8 
the work of these other radioactive waste disposal programs. 

As a starting point, the DOE assembled a list of potentially relevant FEPs from the com
developed by Stenhouse et al. (1993) for the Swedish Nuclear Power Inspectora

9 

pilation 10 
te Statens 11 

12 
disposal 
Kärnkraftinspektion (SKI). The SKI list was based on a series of FEP lists developed for other 

programs and is considered to be the best documented and most comprehensive starting 13 
point for the WIPP.  For the SKI study, an initial, raw FEP list was compiled based on from nine 14 
different FEP identification studies (Table 6-3 Table 6-2).  No additional lists of potentially 
relevant FEPs have been identified since the initial certification. 

The compilers of the SKI list eliminated a number of FEPs as irrelevant to the particular disposal 
concept under consideration in Sweden; these FEPs were reinstated for the WIPP effort
several FEPs on the SKI list were subdivided to facilitate 

15 
16 

17 
, and 18 

for the WIPP screening.  Finally, t
ensure comprehensiveness, other FEPs specific to the WIPP were added based on a review of 
key project documents and a broad examination of the preliminary WIPP list by both project 
participants and stakeholders.  The initial, unedited list is contained in 

o 19 
20 
21 

Attachment 1 of the CCA 
Appendix SCR, Attachment 1.  The initial, unedited FEP list was restructured and revised to 
derive the comprehensive WIPP FEP list 

22 
23 

used in the this application the CCA.  The number of 
FEPs 

24 
has been was reduced to approximately 240 237 for this application to avoid the 25 

ambiguities caused by the use of using a generic list.  Restructuring the list for this application 26 
27 did not remove any substantive issues from the discussion.  As discussed in more detail in 

Attachment 1 to CCA Appendix SCR, Attachment 1, the following steps have been were used to 28 
derive create the WIPP FEP list used in this application the CCA from the initial unedited list. 

• References to subsystems 

29 

have been were eliminated because the SKI subsystem 
classification 

30 
is was not appropriate for the WIPP disposal concept.  For example, in

contrast to the Swedish
 31 

 disposal concept, canister integrity does not have a role in 32 
postoperational performance of the WIPP, and the terms near-field, far-field, and 33 

34 

• Duplicate FEPs have been

biosphere are not unequivocally defined for the WIPP site. 

 were eliminated.  Duplicate FEPs arose in the SKI list because 35 
36 

 37 
38 

EPs are 39 
40 

individual FEPs could act in different subsystems.  FEPs have a single entry in this 
application list whether they are applicable to several parts of the disposal system, or to a
single part only.  For example, the FEP Gas Effects:  Disruption appears in the seals, 
backfill, waste, canister, and near-field subsystems in the initial FEP list.  These F
represented by the single FEP Disruption Due to Gas Effects for this application. 
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Table 6-36-2.  FEP Identification Studies Used in the SKI Study 1 

Study Country Number of FEPS 
Identified 

A
spent

tomic Energy of Canada Limited (AECL) study of disposal of 
 fuel in crystalline rock (Goodwin et al. 1994) 

Canada 275 

SKI &
(SKB
1989)

 Swedish Nuclear Fuel and Waste Management Company 
) study of disposal of spent fuel in crystalline rock (Andersson 
 

Sweden 157 

National Cooperative for the Storage of Radioactive Waste Switzerland 44 
(NAGRA) Project Gewähr study (NAGRA 1985) 
UK Department of the Environment Dry Run 3 study of deep 
disposal of low- and intermediate-level waste (L/ILW) (Thorne 
1992) 

United 
Kingdom 

305 

UK Department of Environment assessment of L/ILW disposal in 
volcanic rock at Sellafield (Miller and Chapman 1992) K

United 
ingdom 

79 

UK Nuclear Industry Radioactive Waste Executive (NIREX) study 
of the deep disposal of L/ILW (Hodgkinson and Sumerling 1989) 

United 
Kingdom 

131 

Sandia National Laboratories (SNL) study of deep disposal of spent 
fuel (Cranwell et al. 1990) 

United States 29 

NEA Working Group on Systematic Approaches to Scenario 
Development (OECD 1992) 

International 122 

International Atomic Energy Agency (IAEA) Safety Series (IAEA 
1981) 

International 56 

• FEPs that are not relevant to the WIPP design or inventory have been were eliminated.  2 
3 
4 

Examples include FEPs related to high-level waste, copper canisters, and bentonite 
backfill. 

• FEPs relating to engineering design changes have been were eliminated because they are
not relevant to a compliance application based on the DOE�s design for the WIPP.  
Examples of such FEPs are Design Modifications: Canister and Design M

 5 
6 

odification: 7 
Geometry. 8 

• FEPs relating to constructional, operational, and decommissioning errors have been were 9 
that the 10 

11 
eliminated.  The DOE has administrative and quality control procedures to ensure 
facility will be constructed, operated, and decommissioned properly. 

• Detailed FEPs relating to processes in the surface environment have been were 
aggregated into a small number of gen

12 
eralized FEPs.  For example, the SKI list includes 13 

the biosphere FEPs Inhalation of Salt Particles, Smoking, Showers and Humidifiers, 14 
Inhalation and Biotic Material, Household Dust and Fumes, Deposition (wet and dry), 15 
Inhalation and Soils and Sediments, Inhalation and Gases and Vapors (indoor and 16 
outdoor), and Suspension in Air, which are represented by the FEP Inhalation in this 17 
application. 18 

DOE/WIPP 2004-3231 6-33 March 2004 



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004 

• FEPs relating to the containment of hazardous metals, volatile organic compounds 1 
(VOCs), and other chemicals that are not regulated by 40 CFR Part 191 are were not 2 
included. 3 

• A few FEPs have been were renamed to be consistent with terms used to describe 4 
specific WIPP processes (for example, Wicking, Brine Inflow). 5 

6.2.2 Criteria for Screening of to Screen Features, Events, and Processes and 6 
Categorization of Retained Features, Events, and Processes 7 

The purpose of FEP screening is to identify identifies those FEPs that should be accounted for in 8 
performance assessmentPA calculations, and those FEPs that need not be considered further.  9 
The DOE�s process of removing FEPs from consideration in performance assessmentPA 10 
calculations involved the structured application of explicit screening criteria.  The criteria used to 11 
screen out FEPs are explicit regulatory exclusions (SO-R), probability (SO-P), or consequence 12 
(SO-C).  As discussed in Section 6.2.2.1, all three criteria are derived from regulatory 13 
requirements.  FEPs not screened as SO-R, SO-P, or SO-C have been retained for inclusion in 14 
performance assessmentPA calculations and are classified as undisturbed performance (UP) or 15 
disturbed performance (DP) FEPs.  These screening criteria and FEP classifiers are discussed in 16 
this section, and FEP screening is discussed in Sections 6.2.3, 6.2.4, and 6.2.5. 17 

6.2.2.1 Elimination of Eliminating Features, Events, and Processes Based on Regulation (SO-18 
R), Probability (SO-P), or Consequence (SO-C) 19 

Regulation (SO-R).  Specific FEP screening criteria are established by stated in 40 CFR Part 191 20 
and 40 CFR § 194.25, § 194.32 and § 194.54.  These screening criteria relating to the 21 
applicability of particular FEPs represent screening decisions made by the EPA.  That is, in the 22 
process of developing and demonstrating the feasibility of the 40 CFR Part 191 standard and the 23 
40 CFR Part 194 criteria, the EPA considered and made conclusions on the relevance, 24 
consequence, and/or probability of occurrence of particular FEPs and, in so doing, allowed 25 
eliminated for some FEPs to be eliminated from consideration.  For example, 40 CFR § 194.25 26 
outlines consideration of future states.  Future human activities are assumed to be as they are 27 

Ps 28 
 borehole related 29 

30 
31 

today; therefore other regulations that pertain to human activities can be used to screen FE
(i.e., State and Federal oil well plugging requirements can be used to screen
FEPs).  Section 6.2.5 describes the regulatory screening criteria that pertain to limitations on the 
type of human-initiated events and processes that need be analyzed.   

Probability of occurrence of a FEP leading to significant release of radionuclides (SO-P).  Low-32 
probability events can be excluded on the basis of based on the criterion provided in 40 CFR 33 

34 
 35 
 36 

37 
38 

§ 194.32(d), which states that �PAs need not consider processes and events that have less than 
one chance in 10,000 of occurring over 10,000 years.�  In practice, for most FEPs screened out
on the basis of low probability of occurrence, it has not been possible to estimate a meaningful,
quantitative probability.  In the absence of quantitative probability estimates, a qualitative 
argument has been provided. 

Potential consequences associated with the occurrence of the FEPs (SO-C).  The DOE 39 
recognizes identified two applications of uses for this criterion: 40 
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1. FEPs can be eliminated from performance assessmentPA calculations on the basis of 
insignificant consequence.  Consequence can refer to effects on the repository or site
to radiological consequence.  In particular, 40 CFR § 194.34(a) states that �The results of
PAs shall be assembled into �complementary, cumulative distribution functions� 
(CCDFs) that represent the probability of exceeding various levels of cumulative release 
caused by all significant processes and events

1 
 or 2 

 3 
4 
5 

.� (emphasis added).  The DOE has omitt
events and processes from 

ed 6 
performance assessmentPA calculations where there is a 

reasonable expectation that the remaining probability distribution of cumulative releases 
would not be significantly changed by such omissions. 

2. FEPs that are potentially beneficial to subsystem performance may be eliminated from

7 
8 
9 

 10 
performance assessmentPA calculations, if necessary, to simplify the analysis.  This 11 
argument may be used when there is uncertainty as to exactly how the FEP should be 12 

13 
14 

incorporated into assessment calculations or when incorporation would incur 
unreasonable difficulties. 

In some cases, the effects of the occurrence of a particular event or process, although not 15 
necessarily insignificant, can be shown to lie within the range of uncertainty of another FEP 16 
already accounted for in the performance assessmentPA calculations.  In such cases, the event or 17 
process may be considered to be implicitly included in performance assessmentPA calculations, 18 

19 

20 

within the range of uncertainty associated with the included FEP. 

The distinctions between the screened out-regulation (SO-R), screened out-probability (SO-P), 
and screened out-consequence (SO-C) screening classifications are summarized in Figure
Although some FEPs could be eliminated from 

 6-7.  21 
performance assessmentPA calculations on the 22 

basis of based on more than one criterion, the most practical screening criterion was used for 
classification.  In particular, a regulatory screening classification was used in preference to
probability or consequence screening classification, as i

23 
 a 24 

llustrated in Figure 6-66-7.  FEPs that 25 
have not been were not screened out based on any one of the three criteria are included in the 26 
performance assessmentPA. 

6.2.2.2 

27 

Undisturbed Performance Features, Events, and Processes 

FEPs classified as UP are accounted for in calculations of undisturbed performance of the 
disposal system. Undisturbed performance is defined in 40 CFR § 191.12 as �the predicted 
behavior of a disposal system, including consideration of the uncertainties in predicted behavio
if the disposal system is not disrupted by human intrusion or the occurrence of unlikely natural 
events.�  The UP FEPs are accounted for in the 

28 

29 
30 

r, 31 
32 

performance assessmentPA calculations to 
evaluate compliance 

33 
with the Containment Requirements in 40 CFR § 191.13.  34 

6.2.2.3 Disturbed Performance Features, Events, and Processes 

FEPs classified as DP are accounted for only in assessment calculations for DP.  The As 

35 

36 
described in Appendix SCR (Sections SCR.3.1.3.2 and SCR.4), the DP FEPs that remain 37 

38 
39 

evaluate compliance with 40 CFR § 191.13. 40 

following the screening process relate to the potential disruptive effects of future drilling and 
mining events in the controlled area.  Consideration of both DP and UP FEPs is required to 
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 1 

Figure 6-66-7.  Screening Pro ased on creening Classificatio2 

I  discusse ories Natural FEPs, W3 
Repository-Induced FEPs, and Human-Initi vents and Processes (EPs). 4 

This also allows an evaluation of compliance with the individual dose criterion in 45 
§ 191.15 and the groundwater protection requirements in 40 CFR § 191.24 (see Chapter 8.0). 6 

6 vents, and Proc7 

T s natural FE t have

cess B S ns 

n the following sections, FEPs are d under the categ
ated E

aste- and 

0 CFR 

.2.3 Natural Features, E esses 

his subsection briefly discusse Ps tha  with the potential to affect  8 
p posal system.  Thes ing classifications are 9 
li

 long-term
erformance of the WIPP dis
sted in Table 6-4 

e FEPs and their screen
Table 6-3; the DOE�s de screening arguments for natural FEPs are 10 

c
tailed 

ontained in Appendix PA, SCR Attachment SCR Section SCR.1.  This sScreening of natural 11 
F  the performance assessmentEPs fulfills, in conjunction with PA calculations, the f the 12 
Future States Assumptions in 40 CFR § 194.25(b) that the 

criterion o
DOE shall �document in any 13 

compliance application, to the extent practicable, effects of potential future hydrogeologic, 14 
geologic and climatic conditions on the disposal system over the regulatory time frame.� 15 
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Consistent with 40 CFR §Section 194.32(d), the DOE has screened out several natural FEPs 1 
from performance assessmentPA calculations on the basis of based on a low probability of 2 
occurrence at or near the WIPP site.  In particu l events for which there is 3 
indicating that they occurred within the Delaware Basin hav

lar, natura no evidence 
 have e been were screene4 

basis.  In this analysis, the probabilities of occurrence
d on this 

 of these events occurrence oc5 
a nzero p abilities for such events, based on n ers of 6 
o t con ing region an the D are 7 
B FEP N 40, Impact of a Large Meteorite in Appendix PA, Attachment 8 
SCR)  th ica rstanding of the events and proce that 9 
o vin  No disrup  occur 10 
d rin e that could result in the creation of

curring are 
ssumed to be zero.  Quantitative, no rob umb
ccurrences, cannot be ascribed withou sider s much larger th elaw
asin (see for example, 

, us neglecting established geolog l unde sses 
ccur within particular geographical pro ces. tive natural FEPs are likely to
u g the regulatory time fram  create new path11 

s ni ca
ways or 

ig fi ntly alteration of alter existing path12 

I eological setting OE has 

ways. 

n considering the overall g  of the Delaware Basin, the D e ated 13 
m assessment

limin
any FEPs from performance P ulations on the basis ofA calc  based on 14 

c ns ue av  little eff racteristics e region 15 
in f low conseq or the regulatory time period. 16 

6 nduced Features, Events, and Processes 17 

The waste- and repository-induced FEPs are those that relate specifically to the wa al, 18 
waste containers, shaft s backfill

low 
o eq nce.  Events and processes that h e had ect on the cha  of th
 the past are expected to be o uence f

.2.4 Waste- and Repository-I

ste materi
eals, MgO ,  closures, repository structures, a19 

investigation boreholes.  All istry and radionuclide migration 20 
a EPs related to radionuclide transport resulting 

panel  nd 
FEPs related to radionuclide chem

re included in this category.  F from re 21 
b xcavati  defined  waste- and repository-induced 22 
F d FEPs eir scree ing classification are listed in Table 23 
6

 futu
orehole intersections of the WIPP e on are as
EPs.  Waste- and repository-induce  and th n
-5Table 6-4.  The DOE�s detailed screenin ssions f  these FEPs are contai n 24 

A
g discu or ned i

ppendix PA SCR (Attachment SCR Section SCR.2). 25 

T ut many FEPs in th tegory on e basis of low consequ  to the 26 
p osal system.  For example, the DOE has shown that the heat generated by 27 
r

he DOE has screened o is ca th ence
erformance of the disp

io ctiad a ve decay of the emplaced RH- and RU waste will not result inCH-T   incre28 
tem

ase 
perature increases sufficiently to induce significant thermal convection, thermal stresses and 29 

s  induced chemical perturbations within the disposal system (see Appendix 30 
PA, Attachment SCR, SCR
trains, or thermally

, Sections SCR.2.2.2 FEP W13 and FEP W72 SCR.2.5.7).  Also, 31 
h eals an ical conditioner will be exotherm ut the ydration of the emplaced concrete s d chem ic, b32 
D ated willOE has shown that the heat gener  not have a significantly eaffect on the rmance perfo33 
of the disposal system performance (see Appendix PA SCR, Attachment SCR, FE34 
S

P W72 
ection SCR.2.5.7). 35 

O induced FEPs have beenther waste- and repository-  were liminated from pe erform  ance36 
assessmentPA calculations on the basis of based on beneficial effect to the perform  37 
d implify the analysis. 38 

W EPs elimin  the bas  of low probability of o e 39 
o se for which no mechanisms have been

ance of the
isposal system, if necessary to s

aste- and repository-induced F ated on is ccurrenc
ver 10,000 years are generally tho  were identified that 40 
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Table 6-46-3.  Natural FEPs and Their Screening Classifications 

FEPs Screening 
Classification Comments 

FEP Number
Appendix 

SCR Section
GEOLOGICAL FEPS SCR.1.1
 Stratigraphy SCR.1.1.1
  Stratigraphy UP  N1 
  Brine reservoirs DP  N2 
 Tectonics SCR.1.1.2
  Changes in regional stress SO-C  N3 
  Regional tectonics SO-C  N4 
  Regional uplift and subsidence SO-C  N5 
 Structural FEPs SCR.1.1.3
 Deformation SCR.1.1.3.1
  Salt deformation  SO-P UP near repository. N6 
  Diapirism SO-P N7  
 Fracture development SCR.1.1.3.2
  Formation of fractures SO-P P near repository. U N8 
   fracture prChanges in operties r repository. SO-C UP nea N9 
 Fault movement SCR.1.1.3.3
  Formation of new faults SO-P  N10 
  Fault movement SO-P  N11 
 Seismic activity SCR.1.1.3.4
  Seismic activity UP  N12 
 Crustal processes SCR.1.1.4
  Igneous activity SCR.1.1.4.1
   Volcanic activity SO-P  N13 
   Magmatic activity SO-C  N14 
  Metamorphism SCR.1.1.4.2
   Metamorphic activity SO-P  N15 
 Geochemical FEPs SCR.1.1.5
  Dissolution 1SCR.1.1.5.
   Shallow dissolution UP  N16 
   Deep dissolution SO-P  N18 
   Breccia pipes SO-P  N20 
   Collapse breccias SO-P  N21 
  Mineralization SCR.1.1.5.2
   Fracture infills SO-C  N22 
SUBSURFACE HYDROLOGICAL FEPS CR.1.2S
 Groundwater characteristics SCR.1.2.1
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 1 
Table 6-46-3.  Natural FEPs and Their Screening Classifications � Continued 

FEPs Screening 
Classification Comments 

FEP Number
Appendix 

SCR Section
  Saturated groundwater flow UP  N23 
  Unsaturated groundwater flow O-C in Culebra. UP S N24 
  Fracture flow UP  N25 
  Density effects on groundwater flow SO-C N26  
  Effects of preferential pathways UP UP in Salado and Culebra. N27 
 Changes in groundwater flow SCR.1.2.2
  Thermal effects on groundwater flow SO-C  N28 
 SO-P  N29  Saline intrusion 
  Freshwater intrusion SO-P  N30 
  Hydrological response to earthquakes SO-C  N31 
  Natural gas intrusion SO-P  N32 
SUBSURFACE GEOCHEMICAL FEPS SCR.1.3
 Groundwater geochemistry SCR.1.3.1
  Groundwater geochemistry UP  N33 
 Changes in groundwater chemistry SCR.1.3.2
  Saline intrusion SO-C  N34 
  Freshwa sion  ter intru SO-C N35 
  Changes in groundwater Eh SO-C  N36 
  Changes in groundwater pH SO-C  7 N3
  Effects of dissolution SO-C  N38 
GEOMORPHOLOGICAL FEPS SCR.1.4
 Physiography SCR.1.4.1
  Physiography UP  N39 
 Meteorite impact   SCR.1.4.2
  Impact of a large meteorite SO-P N40 
 Denudation SCR.1.4.3
  Weathering SCR.1.4.3.1
   Mechanical weathering SO-C  N41 
   Chemical weathering SO-C  N42 
  Erosion SCR.1.4.3.2
   Aeolian erosion SO-C N43  
   Fluvial erosion SO-C  N44 
   Mass wasting SO-C  N45 
  Sedimentation SCR.1.4.3.3
   Aeolian deposition SO-C  N46 
   Fluvial deposition SO-C  N47 
   Lacustrine deposition SO-C  8 N4
   Mass wasting SO-C  N49 
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Table 6-46-3.  Natural FEPs and Their Screening Classifications � Continued 

FEPs Screening 
Classification Comments 

FEP Number
Appendix 

SCR Section
 .1.4.4Soil development SCR
  Soil development SO-C  N50 
SURFACE HYDROLOGICAL FEPS .1.5SCR
 Fluvial SCR.1.5.1
  Stream and river flow SO-C  N51 
 Lacustrine SCR.1.5.2
  Surface water bodies SO-C  N52 
 Groundwater recharge and discharge SCR.1.5.3
  Groundwater discharge UP  3 N5
  Groundwater recharge UP  N54 
  Infiltration UP UP for climate chang

effects. 
N55 e 

 Changes in surface hydrology SCR.1.5.4
  Changes in groundwater recharge and UP  

discharge 
N56 

  Lake formation SO-C  N57 
  River flooding SO-C  N58 
CLIMATIC FEPs SCR.1.6
 Climate SCR.1.6.1
  Precipitation (for example, rainfall)   N59 UP
  Temperature UP  N60 
 .1.6.2Climate change SCR
  Meteorological SCR.1.6.2.1
   Climate change UP  N61 
  Glaciation SCR.1.6.2.2
   Glaciation SO-P  N623 
   Permafrost SO-P  N63 
MARINE FEPs SCR.1.7
 Seas SCR.1.7.1
  Seas and oceans SO-C  N64 
  Estuaries SO-C  N65 
 Marine sedimentology SCR.1.7.2
 SO-C   Coastal erosion N66 
  Marine sediment transport and 

deposition 
SO-C  N67 

 Sea level changes  
   Sea level changes SO-C  SCR.1.7.3N68 
ECOLOGICAL FEPs SCR.1.8
 Flora & fauna SCR.1.8.1
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Table 6-46-3.  Natural FEPs and Their Screening Classifications � Continued 

FEPs Screening 
Classification Comments 

FEP Number
Appendix 

SCR Section
  Plants SO-C  N69 
  Animals SO-C  N70 
  Microbes SO-C UP for colloidal effec

and gas generation 
1 ts N7

 Changes in flora & fauna SCR.1.8.2
  Natural ecological development SO-C  N72 
L
UP FEPs a s f isturbed perform nce for 40 CFR § 191.13 (as well as 40 CFR § 191.15 and 

Subpar
n addition to all UP FEPs) in the assessment calculations for disturbed performance f 91.13. 

rmance assessment

egend: 
ccounted for in the assessment calculation
t C of 40 CFR Part 191). 

or und a

DP FEPs accounted for (i or 40 CFR § 1
SO-R FEPs eliminated from perfo PA calculations on the basis of regulations provided in 40 C  191 and criteria FR Part

provided in 40 CFR §Part 194.25, .32 and .54 
SO-C FEPs eliminated from performance assessmentPA (and compliance assessment) calculations on the basis of based on consequence. 

 performance assessmentSO-P FEPs eliminated from PA (and compliance assessment) calculations on the basis of based on low probability 
of occurrence. 

 1 

Table 6-56-4.  Waste- and Repositor duced FE s and Their Screening Classifications y-In P

FEPs Screening 
Classification Comments FEP Number 

Appendix SCR Section
WASTE AND REPOSITORY CHARACTERISTICS SCR.2.1
 Repository characteristics SCR.2.1.1
   Disposal geometry UP  W1 
 Waste characteristics SCR.2.1.2
   Waste inventory UP  W2 
   Heterogeneity of waste forms DP  W3 
 Container characteristics SCR.2.1.3
   Container form SO-C  W4 
   Container material inventory UP  W5 
 Seal characteristics SCR.2.1.4
   Seal geometry UP  W6 
   Seal physical properties UP  W7 
   Seal chemical composition SO-C Beneficial SO-C W8 
 Backfill characteristics SCR.2.1.5
   Backfill physical properties SO-C W9  
   Backfill chemical composition UP W10  
 Postclosure monitoring SCR.2.1.6
   Postclosure monitoring SO-C  W11 
RADIOLOGICAL FEPs SCR.2.2
 Radioactive decay SCR.2.2.1
   Radionuclide decay and ingrowth UP  W12 

 2 
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Table 6-56-4.  Waste- and Repository-Induced FEPs and Their Screening Classifications � 
Continued 

FEPs Screening 
Classification Comments FEP Number 

Appendix SCR Section
 Heat from radioactive decay SCR.2.2.2
   Heat from radioactive decay SO-C W13  
 Nuclear criticality SCR.2.2.3
   Nuclear criticality:  heat  SO-P  W14 
 Radiological effects on material properties 2.2.4SCR.
   Radiological effects on waste SO-C W15  
   Radiological effects on containers  SO-C  W16 
   Radiological effects on seals SO-C  W17 
GEOLOGICAL AND MECHANICAL FEPs SCR.2.3
 Excavation-induced fracturing SCR.2.3.1
   Disturbed rock zone UP  W18 
   ed changes in  
    stress 

Excavation-induc UP  W19 

 Rock creep SCR.2.3.2
   Salt creep UP  W20 
   Changes in the stress field UP  W21 
 Roof falls SCR.2.3.3
   Roof falls UP  W22 
 Subsidence SCR.2.3.4
   Subsidence SO-C  W23 
   Large scale rock fracturing SO-P  W24 
 Effects of fluid pressure changes SCR.2.3.5
   Disruption due to gas effects UP  W25 
   Pressurization UP  W26 
 Effects of explosions SCR.2.3.6
   Gas explosions UP  W27 
   Nuclear explosions SO-P  W28 
 Thermal effects SCR.2.3.7
   Thermal effects on material  SO-C  
    properties 

W29 

   Thermally induced stress changes SO-C  W30 
   Differing thermal expansion of   
    repository components 

SO-C  W31 

 Mechanical effects on material properties 3.8SCR.2.
   Consolidation of waste UP  W32 
   Movement of containers SO-C  W33 
   Container integrity SO-C Beneficial SO-C W34 
   Mechanical effects of backfill SO-C W35  
   Consolidation of seals  UP  W36 
   Mechanical degradation of seals UP  W37 
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Table 6-56-4.  Waste- and Repository-Induced FEPs and Their Screening Classifications � 
Continued 

FEPs Screening 
Classification Comments FEP Number 

Appendix SCR Section
   Investigation boreholes SO-C   
   Underground boreholes UP W39  
SUBSURFACE HYDROLOGICAL AND FLU YNAMICA .4ID D L FEPs SCR.2
 Repository-induced flow SCR.2.4.1
   Brine inflow UP  W40 
   Wicking UP  W41 
 Effects of gas generation SCR.2.4.2
   Fluid flow due to gas production UP  W42 
 Thermal effects SCR.2.4.3
   Convection SO-C  W43 
GEOCHEMICAL AND CHEMICAL FEPs SCR.2.5
 Gas generation SCR.2.5.1
  Microbial gas generation 1SCR.2.5.1.
   Degradation of organic material  UP  W44 
   Effects of temp
    microbial gas gene

erature on  
ion rat

UP  W45 

   Effects of pressure on microbial  
    gas generation 

SO-C  W46 

   Effects of radiation on microbial 
    gas generation 

SO-C  W47 

   Effects of biofilms on microbial  
    gas generation 

UP  W48 

  Corrosion SCR.2.5.1.2
   Gases from metal corrosion UP  W49 
   Galvanic coupling  SO-PC  W50 
   Chemical effects of corrosion UP   
  Radiolytic gas generation 5.1.3SCR.2.
   Radiolysis of brine SO-C  W52 
   Radiolysis of cellulose SO-C  W53 
   Helium gas production SO-C  W54 
   Radioactive gases SO-C  W55 
 Chemical speciation SCR.2.5.2
   Speciation UP UP in disposal rooms 

 

 
 

and Culebra. SO-C
elsewhere, and 
beneficial SO-C in
cementitious seals.

W56 

   Kinetics of speciation SO-C  W57 
 Precipitation and dissolution 5.3SCR.2.
   Dissolution of waste UP  W58 
   Precipitation SO-C Beneficial SO-C W59 
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Table 6-56-4.  Waste- and Repository-Induced FEPs and Their Screening Classifications � 
Continued 

FEPs Screening 
Classification Comments FEP Number 

Appendix SCR Section
   Kinetics of precipitation and  
    dissolution 

SO-C Kinetics of waste 
dissolution is a 
beneficial SO-C 

W60 

 Sorption SCR.2.5.4
   Actinide sorption UP UP in the Culebra and 

SO-C elsewhere 

W61 
Dewey Lake. Beneficial 

   Kinetics of sorption UP  W62 
  ces UP  W63  Changes in sorptive surfa
 Reduction-oxidation Oxidation-reduction chemistry SCR.2.5.5
   Effect of metal corrosion UP  W64 
   Reduction-oxidation Oxidation-

reduction fronts 
SO-P  W65 

   Reduction-oxidation Oxidation-
reduction kinetics  

UP  W66 

   Localized reducing zones SO-C  W67 
 a SCR.2.5.6Org nic complexation 
   Organic complexation SO-CUP  W67 
   Organic ligands SO-CUP  W69 
   Humic and fulvic acids UP  W70 
   Kinetics of organic complexation SO-C  W71 
 Exothermic reactions SCR.2.5.7
 ctions SO-C  W72   Exothermic rea
   Concrete hydration SO-C  W73 
 Chemical effects on material properties SCR.2.5.8
   Chemical degradation of seals UP  W74 
   Chemical degradation of backfill SO-C  W75 
   Microbial growth on concrete UP  W76 
CONTAMINANT TRANSPORT MODE FEPs SCR.2.6
 Solute transport SCR.2.6.1
   Solute transport UP  W77 
 Colloid transport SCR.2.6.2
 W78   Colloid transport UP  
   Colloid formation and stability UP  W79 
   Colloid filtration UP  W80 
 id sorption UP  W81   Collo
 Particulate transport SCR.2.6.3
   Suspensions of particles DP SO-C for undisturbed 

conditions 
W82 

   Rinse SO-C  W83 
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Table 6-56-4.  Waste- and Repository-Induced FEPs and Their Screening Classifications � 
Continued 

FEPs Screening 
Classification Comments FEP Number 

Appendix n SCR Sectio
   Cuttings ository intru

 
W84  DP Rep

only
sion 

   Cavings D Repository intrusion 
only 

W85 P 

 gs DP Repo
only 

86   Spallin sitory intrusion W

 Microbial transport .2.6.4SCR
   Microbial transport UP  W87 
   Biofilms SO-C Beneficial SO-C W88 
 6.5Gas transport SCR.2.
   Tran   W89 sport of radioactive gases SO-C 
C OCESSE SCR.2.7ONTAMINANT TRANSPORT PR S 
 SCR.2.7.1Advection 
  W90   Advection UP 
 SCR.2.7.2Diffusion 
 W91   Diffusion UP  
 W92   Matrix diffusion UP  
 mena SCR.2.7.3Thermochemical transport pheno
   S  W93 oret effect SO-C 
 SCR.2.7.4Electrochemical transport phenomena 
   Electroc W94 hemical effects SO-C  
 W95   Galvanic coupling SO-P  
 W96   Electrophoresis SO-C  
 henomena SCR.2.7.5Physicochemical transport p
 C    Chemical gradients SO- W97 
   O SO-C Benesmotic processes ficial SO-C W98 
   Alpha recoil SO-C  W99 
 100   Enhanced diffusion SO-C  W
E R.2.8COLOGICAL FEPs SC
 R.2.8.1Plant, animal, and soil uptake SC
 -C FR 

91 15 
W101   Plant uptake SO-R SO

§ 1
 for 40 C
.

 W102   Animal uptake SO-R  
 ne cial SO-C W103   Accumulation in soils SO-C Be fi
 SCR.2.8.2Human uptake 
 -C for 40 CFR 

91 15 
W104   Ingestion SO-R SO

§ 1
 
.

 -C for 40 CFR 
§ 191.15 

W105   Inhalation SO-R SO  

 SO-C for 40 CFR 
§ 191.15 

W106   Irradiation SO-R  
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Table 6-56-4.  Waste- and Repository-Induced FEPs and Their Screening Classifications � 
Continued 

FEPs Screening 
Classification Comments FEP Number 

Appendix n SCR Sectio
   Dermal sor n C for 40 C

1.15 
W107 ptio SO-R SO-

§ 19
FR 

   Injection S SO-C for 40 CFR 
91 15 

W108 O-R 
§ 1 .

Legend: 
UP s for sturbed perf ance for 40 CFR § 191.13 (as well as 40 CFR § 

DP FEPs accounted for (in addition to all UP FEPs) in the assessment calculations for disturbed performance for 40 CFR § 191.13. 
SO

 FEPs accounted for in the assessment calculation
Subpart C of 40 CFR Part 191). 

 undi orm 191.15 and 

-R FEPs eliminated from performance assessmentPA calc
§ 

ulations on the b gulations provided in 40 CFR Part 191 and provided 
in 40 CFR 

asis of re  criteria 
Part 194. 25, .32 and .54. 

SO-C FEPs eliminated from performance assessmentPA (and compliance assessment) calculations on the basis of based on cons
SO

equence. 
-P FEPs eliminated from performance assessmentPA (and compliance assessment) calculations on the basis of based on low probability of 

occurrence. 

c within t osal system.  Such FEPs include explos1 
resulting from nuclear criticality, and the development of large-scale reduction-oxidation fronts. 2 

6  and Pr es 3 

Assessm  the Containment Requirem4 
c ificant processes and even inclu  EPs se 5 
EPs and their screening classifications are listed in Table 6-

ould result in their occurrence he disp ions 

.2.5 Human-Initiated Events ocess

ents of compliance with
onsideration of �all sign

ents in 40 CFR § 191.13 require 
ding human-initiated

6
ts,� .  The

Table 6-5.  The DO
in Appendix PA, 

E�s detailed 6 
screening arguments for human-initiated EPs are presented SCR (Attachment 7 
SCR Section SCR.3). 8 

The scope of performance assessmentPA is clarifie th re d e  and 9 
processes in 40 CFR § 194.32.  At 40 CFR §

d wi spect to human-initiate vents
Section 194.32  (a) the EPA states that 10 

nsider processes d events, mining, deep drilling, and11 
e dis stem e regulatory time frame. 12 

T ment

Performance assessments shall co
shallow drilling that may affect th

natural 
posal sy

an
during th

 

hus, performance assess PA must cin lude consideration of human-initiated EPs 13 
m ight take atory time frame.  In 14 
p s

relating to 
ining and drilling activities that m

articular, performance assessment
 place during the regul

PAs  cons  tential effects of such ac es that 15 
m lled a tional controls canno16 
assumed to  eliminate the possibility of human intrusion. 17 

F  of ormanc ss

 must ider the po tiviti
ight take place within the contro

completely
rea at a time when institu t be 

urther criteria concerning the scope  perf e asse mentsPAs are provided at FR 18 
§ 194.32(c)19 

e n analysis of the effec ny20 
activities that occur in the vicinity of the disposal system prior  to 21 
occur in the vicinity of the disposal system soon after disposal. ities shall include, but 22 
shall not be limited to, existing boreholes and the development of any existing leases that can be 23 
reasonably expected to be developed in the near future, including boreholes and leases that may be 24 
used for fluid injection activities. 25 

40 C
: 

Performance assessments shall includ  a ts on the disposal system of a
 to disposal and are expected
 Such activ
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Table 6-6 6-5.  Human-Initiated EPs and Their Screening Classifications 

Screening 
Classification 

EPs Historical/
Ongoing/

Near 
Future 

Future
Comments 

FEP 
Number 

Appendix 
SCR 

Section

GEOLOGICAL EPs SCR.3.2
 Drilling 

 the 
 SO-

SCR.3.2.1DP for boreholes that 
penetrate the waste and 
boreholes that penetrate 
Castile brine underlying
waste disposal region. 
C for other future drilling. 

   Oil and gas exploration SO-C DP H1  
   Potash exploration SO-C DP  H2 
   Water resources exploration SO-C SO-C  H3 
   exploitation Oil and gas SO-C DP  H4 
   Groundwater exploitation SO-C SO-C  H5 
   vestigations SO-R SO-R  H6 Archeological in
   Geothermal SO-R  SO-R  H7 
   SO-C DP H8 Other resources  
   Enhanced oil and gas recovery SO-C DP  H9 
   Liquid waste disposal SO-R SO-R H10  
   Hydrocarbon storage SO-R  SO-R  H11 
   ing intrusion SO-R SO-R H12 Deliberate drill  
 Excavation activities SCR.3.2.2
   Conventional underground 
    Ppotash mining 

UP DP U
cont

P for mining outside the 
rolled area.  DP for 

mining inside the controlled 
area. 

H13 

   Solution mining for potash SO-R SO-R New to FEP Baseline H58 
   Solution mining for 
    resources 

other  SO-R SO-R New to FEP Baseline H59 

   Other resources SO-C SO-R  H14 
   Tunneling SO-R SO-R  H15 
   Construction of underground  

age, 
mmodation) 

    facilities (for example stor
    disposal, acco

SO-R SO-R  H16 

   Archeological excavations SO-C SO-R  H17 
   Deliberate mining intrusion  SO-R SO-R  H18 
 Subsurface explosions SCR.3.2.3
  Resource recovery    SCR.3.2.3.1

 1 
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Table 6-66-5.  Human-Initiated EPs and Their Screening Classifications � Continued 

Screening 
Classification 

EPs Historical/
Ongoing/

Near 
Future 

Future
Comments 

FEP 
Number 

Appendix 
SCR 

Section

   Explosions for resource 
recovery 

SO-C SO-R  H19 

  Underground nuclear device    3.2
testing 

SCR.3.2.

   Underground nuclear device
testing 

 SO-C SO-R  H20 

SUBSURFACE HYDROLOGICAL AND G EMIC s .3EOCH AL EP SCR.3
 B hol  fluid flow ore e SCR.3.3.1
  Drilling-induced flow    1SCR.3.3.1.
   Drilling fluid flow SO-C DP DP fo

p
r boreholes that 

enetrate the waste.  SO-C 
r other future drilling. fo

H21 

   Drilling fluid loss  SO-C DP D
penet

P for boreholes that 
rate the waste, SO-C 

for other future drilling 

H22 

   Blowouts SO-C DP DP for boreholes that 
enetrate the waste and 
oreholes that penetrate 
astile brine underlying the 
aste disposal region.  SO-

C for other future drilling. 

p
b
C
w

H23 

   Drilling-induced geochemical 
changes 

UP DP SO-C for units other than 
the Culebra. 

H24 

  Fluid extraction    SCR.3.3.1.2
   Oil and gas extraction SO-C SO-R  H25 
   Groundwater extraction SO-C SO-R  H26 
  Fluid injection    SCR.3.3.1.3
 SO-C SO-CR  Liquid waste disposal  H27 
   Enhanced oil and gas 

production 
SO-C SO-CR  H28 

   Hydrocarbon storage SO-C SO-CR  H29 
   Fluid-injection induced UP SO-R SO-C for units other than H30 

geochemical changes the Culebra 
  Flow through abandoned boreholes   Classification distinguishes 

the time when drilling 
occurs. 

.4SCR.3.3.1

March 2004 6-48 DOE/WIPP 2004-3231 



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004 

Table 6-66-5.  Human-Initiated EPs and Their Screening Classifications � Continued 

Screening 
Classification 

EPs Historical/
Ongoing/

Near 
Future 

Future
Comments 

FEP 
Number 

Appendix 
SCR 

Section

   Natural borehole fluid flow SO-C DP DP for boreholes that 
penetrate Castile brine 
underlying the waste 
disposal region.  SO-C for 
other future boreholes. 

H31 

  DP for boreholes that 
penetrate the waste.  SO-C 

H32  Waste-induced borehole flow SO-R DP 

for other future boreholes. 
   Flow through undetected 

boreholes
SO-P NA   

  4  Borehole-induced solution and 
subsidence 

SO-C SO-C  H3

   Borehole-induced 
mineralization 

SO-C SO-C  H35 

   Borehole-induced 
geochemical changes 

UP DP SO-C for units other than 
the Culebra 

H36 

 Excavation-induced flow Classification distinguishes 
the time when excavation 
occurs. 

SCR.3.3.2

  n groundwater flow 
due to mining 

UP DP UP for mining outside the 
controlled area.  DP for 

H37  Changes i

mining inside the controlled 
area.  

   Changes in geochemistry due 
to mining 

SO-C SO-R  H38 

 Explosion-induced flow SCR.3.3.3
   Changes in groundwater flow 

due to explosions 
SO-C SO-R  H39 

GEOMORPHOLOGICAL EPs SCR.3.4
 Land use and disturbances SCR.3.4.1
   Land use changes SO-R SO-R  H40 
   Surface disruptions SO-CUP SO-R  H41 
SURFACE HYDROLOGICAL EPs SCR.3.5
 Water control and use SCR.3.5.1
   Damming of streams or rivers SO-C SO-R  H42 
   Reservoirs SO-C SO-R  H43 
   Irrigation SO-C SO-R  H44 
   Lake usage SO-R SO-R  H45 
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T ba le 6-66-5.  Human-Initiated EPs and Their Screening Classifications � Continued 

Screening 
Classification 

EPs Historical/
Ongoing/

Near 
Future 

Future
Comments 

FEP 
Number 

Appendix 
SCR 

Section

 H46   Altered soil or surface water 
chemistry by human activities 

SO-C SO-R  

CLIMATIC EPs SCR.3.6
 Anthropogenic climate change SCR.3.6.1
 7   Greenhouse gas effects SO-R SO-R  H4
  SO-R SO-R  H48  Acid rain 
   Damage to the ozone layer  SO-R SO-R  H49 
MARIN .7E EPs SCR.3
 Marine activities SCR.3.7.1
 -R SO-R  H50   Coastal water use SO
   Sea water use SO-R SO-R  H51 
   Estuarine water use SO-R SO-R  H52 
ECOLOGICAL EPs SCR.3.8
 Agricultural activities SCR.3.8.1
   Arable farming SO-C SO-R  H53 
   Ranching SO-C SO-R  H54 
   Fish farming SO-R SO-R  H55 
 Social and technological developments SCR.3.8.2
   De

ur
mographic change and 

ban development 
SO-R SO-R  H56 

   Loss of records NA DP  H57 
Legend: 
UP FEPs accounted for in the assessment calculations for undisturbed performance for 40 CFR § 191.13 (as well as 40 CFR § 191.15 and 

Subpart C of 40 CFR Part 191). 
DP FEPs accounted for (in addition to all UP FEPs) in the assessment calculations for disturbed performance for 40 CFR § 191.13. 
SO-R FEPs eliminated from performance assessment calculations on the basis of regulations provided in 40 CFR Part 191 and criteria 

provided in 40 CFR §Part 194.  25, .32 and .54. 
SO-C FEPs eliminated from performance assessmentPA (and compliance assessment) calculations on the basis of based on consequence. 
SO-P FEPs eliminated from performance assessmentPA (and compliance assessment) calculations on the basis of based on low probability of 

occurrence. 
NA FEPs not applicable to the particular category. 

Performance assessmentsPAs must include consideration of all human-initiated EPs relating to 1 
e reasonably expected to take place outside the controlled 2 

area in the near future. 3 
activities that have taken place or ar

In order to implement the criteria in 40 CFR §Section 194.32 relating to the scope of 4 
performance assessmentPA, the DOE has divided human activities into three categories.:  5 
Distinctions are made between (1) human activities that are currently taking place and those that 6 
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took place prior to the time of the compliance application, (2) human activities that might be 
initiated in the near future after submissi

1 
on of the compliance application, and (3) human 2 

activities that might be initiated after repository closure.  The first two categories of EPs are 3 
considered under undisturbed performance; and EPs in the third category lead to disturbed 4 

5 

clude resource extraction activities that have 6 
historically 

performance conditions. 

(1) Historical and current human activities in
taken place and are currently taking place outside the controlled area.  These 7 

8 
r flow 9 
n the 10 

IPP repository.  11 
12 

(2) ude resource extraction activities that may be expected 

activities are of potential significance insofar as they could affect the geological, 
hydrological, or geochemical characteristics of the disposal system or groundwate
pathways outside the disposal system.  Current human activities taking place withi
controlled area are essentially those associated with development of the W
Historical activities include existing boreholes. 

Near-future human activities incl13 
to occur outside the controlled area based on existing plans and leases.  Thus, the near 
future includes the expected lives of existing mines and oil and gas fields, and the 
expected lives of new mines and oil and gas fields that the DOE expects will be 
developed based on existing plans and leases.  These activities are of potential 
significance insofar as they could affect the geological, hydrological, or geochemical 
characteristics of the disposal system or groundwater flow pathways outside the disposal
system.  The only human activities 

14 
15 
16 
17 
18 

 19 
that are expected to occur within the controlled area in

the near future are those associated with 
 20 

development of the WIPP repository 
development.  The DOE assumes that any activity 

21 
that is expected to be initiated in the 

near future, based on existing plans and leases, will be initiated prior to repository 
22 
23 

ry closure are assumed to continue until their 24 
25 

26 
 27 

closure.  Activities initiated prior to reposito
completion. 

(3) Future human activities include activities that might be initiated within or outside the 
controlled area after repository closure.  This includes drilling and mining for resources
within the disposal system at a time when institutional controls cannot be assumed to 
completely eliminate the possibility of such activities.  Future human activities could 
influence the transport of contaminants within and outside the disposal system by directly 
removing waste from the disposal system or altering the geological, hydrological, or 
geochemical characteristics of the disposal system. 

28 
29 
30 
31 
32 

In order tTo satisfy the criteria in 40 CFR § 194.32, performance assessmentsPAs must consider 33 
34 the potential effects of historical, current, near-future, and future human activities on the 

performance of the disposal system performance.  The criterion in 40 CFR § 194.25(a) 
concerned with predictions of

35 
 predicting the future states of society requires that performance 36 

assessmentsPAs and compliance assessments �shall assume that the characteristics of the 
 what they are at the time the compliance application is prep

future 37 
remain ared.�  This criterion has been 38 
applied to eliminate the following human-initiated EPs from performance assessmentPA 39 
calculations: 40 
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• drilling associated with geothermal energy production (H7), liquid waste disposal (H10), 
hydrocarbon storage (H11), and archeological investigations (H6)

1 
,  (Appendix SCR2 

Sections SCR.3.2.1.1 and SCR.3.2.1.2); 

• excavation activities associated with tunneling (H15) and construction of underground 
facilities (H16) (for example, storage, disposal, and accommodation)

3 

4 
 (Appendix SCR, 5 

Sections SCR.3.2.2.1 and SCR.3.2.2.2); 

• changes in land use (H40) 

6 

(Appendix SCR, Section SCR.3.4.1.2); 7 

• anthropogenic climate change (H47, H48 and H49) (Appendix SCR, Section SCR.3.6.1); 8 

es in agricultural practices (H53, H54 and H55) (Appendix SCR, Section • chang9 
SCR.3.8.1.2); 

demographic change, urban developments, and technological developm

10 

• ents (H56) 11 
(Appendix SCR, Section SCR.3.8.2); and 12 

• solution mining (H58 and H59). 13 

As disc FR 14 
§ 191.15 and Subpart C of 40 CFR Part 191) need to consider the UP of the disposal system. 15 

ussed in Chapter 8.0, compliance assessments (to determine compliance with 40 C

6.2.5.1 Historical, Current, and Near-Future Human Activities 16 

The observational data obtained as part of WIPP site characterization reflect any effects of 17 
historical and current human activities in the vicinity of the WIPP, such as groundwater 18 

c extraction and oil and gas production.  As discussed in Appendix SCR (Section SCR.3), histori19 
and current human activities are modeled or found to be of low consequence to long-term 20 
performance. 

Historical, current, and near-future human activities could affect WIPP site characteristics 

21 

22 
subsequent to after the submission of this application, and could influence the performance of 23 
the disposal system performance.  The hydrogeological impacts of historical, current, and near-
future potash mining outside the controlled area are accounted for in calculations of the 

24 
25 
26 
27 

undisturbed performance of the disposal system.  Near-future potash mining is assumed to 
continue for the expected economic life of each mine.  The potential consequences to the 
performance of the disposal system performance of from other human-initiated EPs expected to 28 
occur in the Delaware Basin in the near future are discussed in Appendix PA, SCR (Att

ction SCR.3
achment 29 

SCR Se ), which describes how these EPs are eliminated based on the basis of low 30 
31 consequence. 

6.2.5.2 Future Human Activities 32 

Performance assessmentPA (but not compliance assessments, as discussed in Chapter 8.0) must 
consider the effects of future human activities on the 

33 
performance of the disposal system 

performance.  The EPA has provided criteria relating to future human activities in 40 CFR 
34 
35 
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§ 194.3 ormance 2(a), which limits the scope of consideration of future human actions in perf1 
assessmentsPAs to mining and drilling. 2 

3 

iteria concerning the type of future mining that should be 4 
5 

6 
7 
8 
9 

10 
11 
12 
13 

6.2.5.2.1 Criteria Concerning Future Mining 

The EPA provides additional cr
considered by the DOE in 40 CFR § 194.32(b): 

Assessments of mining effects may be limited to changes in the  hydraulic conductivity of the 
hydrogeologic units of the disposal system from excavation mining for natural resources.  Mining 
shall be assumed to occur with a one in 100 probability in each century of the regulatory time 
frame.  Performance assessments shall assume that mineral deposits of those resources, similar in 
quality and type to those resources currently extracted from the Delaware Basin, will be 
completely removed from the controlled area during the century in which such mining is randomly 
calculated to occur.  Complete removal of such mineral resources shall be assumed to occur only 
once during the regulatory time frame. 

Thus, consideration of considering future mining may be limited to mining within the controlled 
area at 

14 
the locations of resources that are similar in quality and type to those currently extracted 15 

from the Delaware Basin.  Potash is the only resource that has been identified within the 
contro led area in quality similar to that currently mined from underground deposits elsewhere i

16 
l n 17 

18 
19 

the Delaware Basin.  Within the controlled area, the McNutt of the Salado provides the only 
potash of appropriate quality.  The hydrogeological impacts of future potash mining within the 
controlled area are accounted for in calculations of the DP calculations of the disposal system. 
Consistent with 40 CFR § 194.32(b), all economically recoverable resources in the vicinity of 
disposal system (outside the controlled area) are assumed to be extracted in the near future. 

6.2.5.2.2 Criteria Concerning Future Drilling 

 20 
the 21 

22 

23 

With respect to consideration of future drilling, in the preamble to 40 CFR Part 194, the EPA 
�reasoned that while the resources drilled for today may not be the same as those drilled for in
the future, the present rates at which these boreholes are drilled can nonetheless provide an 
estimate of the future rate at which boreholes will be drilled.�  Criteria concerning the 
consideration of future deep and shallow drilling

24 
 25 

26 
27 

2 in performance assessmentsPAs are provided 
in 40 CFR § 194.33.  These criteria require that, to calculate future drilling rates, the DOE should
examine the historical rate of drilling for resources in the Delaware Basin.  Historical drilling
purposes other than resource exploration and recovery (such as WIPP site investigation) need 
be considered in determining future drilling rates. 

28 
 29 

 for 30 
not 31 

32 

In particular, in when calculating the frequenc
states that the DOE should 

y of future deep drilling, 40 CFR § 194.33(b)(3)(i) 33 
34 

35 
36 

Identify deep drilling that has occurred for each resource in the Delaware Basin over the past 100 
years prior to the time at which a compliance application is prepared. 

                                                 
2 The EPA has defined two types of drilling in 40 CFR § 194.2: deep drilling, is defined as �drilling events in the 

Delaware Basin that reach or exceed a depth of 2,150 ft below the surface relative to where such drilling 
occurred�; and shallow drilling, is defined as �drilling events in the Delaware Basin that do not reach a depth of
2,150 ft below the surface relative to where such drilling occurred.� 

 

DOE/WIPP 2004-3231 6-53 March 2004 



Title 40 CFR Part 191 Subparts B and C Compliance Recertification Application 2004 

Oil and gas are the onl been exploited over 1 
the past 100 years in the Delaware Basin.  However, some potash and sulfur exploration 2 
boreholes have been drilled in the Delaware Basin to depths in excess of 2,150 feet (655 meters) 3 
below the surface re ng occurred.  Thus, consis4 
§

y known resources below 655 m (2,150 ft) that have 

lative to where the drilli tent with 40 CFR 
 194.33(b)(3)(i), the DOE has used the historical record of deep drilling associated with oil, gas, 5 

p  and , and oi ns otash  sulfur exploration l and gas exploitation in the Delaware Basin in calculatio6 
to determine the rate of deep drilling within the controlled area and throughout the basin in the 7 
f , as d dix DAuture iscussed in Appen TA, Section 2 and Attachment A DEL, Section DEL.7.4 8 
( so Tsee al able DEL-6).  Deep drilling may occur within the controlled area after the end of the 9 
period of a utional control ( isposal). 10 

In calculating the frequency of future he 11 
D12 

Iden has oc h resource in the Delaware Basin over the past 13 
100 which  application is prepared. 14 

A ditio ect t on of

ctive instit 100 years after d

 shallow drilling, 40 CFR § 194.33(b)(4)(i) states that t
OE should 

tify shallow drilling that 
me at 

curred for eac
 years prior to the ti  a compliance

n ad nal criterion with resp o the calculati  calculating future shallow drilling rates 15 
i ided b)(416 

In c  rate of ing, the Department may, if justified, consider 17 
only hallow d f similar type and quality to those in the 18 

19 

A exam e

s prov  in 40 CFR § 194.33( )(iii): 

onsidering the historical  all shallow drill
 the historical rate of s
rolled area. 

rilling for resources o
cont

s an ple, of the use of the crit rion in 40 CFR § 194.33(b)(4)(iii) the EPA states in the 20 
preamble t if nd within the controlled 21 
area, then the rate of drilling for water may be set equal to the historical rate of drilling for non-22 
potable water in the Delaware Basin over the past 100 years.�  Thus, the DOE may limit the rate 23 

24 
25 
26 
27 

o 40 CFR Part 194 that �  only non-potable water can be fou

of future shallow drilling based on a determination of the potential resources in the controlled 
area.  Shallow drilling associated with water, potash, sulfur, oil, and gas extraction has taken 
place in the Delaware Basin over the past 100 years.  However, of these resources, only water 
and potash are present at shallow depths (less than 655 m [2,150 ft] below the surface) within the 
controlled area.  Thus, consistent with 40 CFR § 194.33(b)(4), the DOE has used the historical
record of shallow drilling associated with water and potash extraction in the Delaware Basin in 
calculations to determine the rate of shallow drilling within the controlled area, as discussed in 
Appendix DATA, Section 2 and Attachment A 

 28 
29 
30 

DEL (Sections DEL.7.2 and DEL.7.4). 

The EPA also provides a criterion in 40 CFR § 194

31 

.33(d) concerning the use of future boreholes 32 
33 

With respect to future drilling events, performance assessments need not analyze the effects of 34 
35 

subsequent to drilling: 

techniques used for resource recovery subsequent to the drilling of the borehole. 

Thus, performance assessmentsPAs need not consider the effects of techniques used for resource 
extraction and recovery that would occur 

36 
subsequent to after the drilling of a future borehole in 37 

the future. 

The EPA provides an additional criterion 

38 

that to limits the severity of human intrusion scenarios 
that must be considered in 

39 
performance assessmentsPAs.  In 40 CFR § 194.33(b)(1), the EPA 

states that 
40 
41 
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Inadvertent and intermittent intrusion by drilling f  resources (other than those resources 1 
provided by the wast ate such waste) 2 
is the most seve3 

4 

or
e in the disposal system or engineered barriers designed to isol

re human intrusion scenario. 

Thus, human intrusion scenarios involving deliberate intrusion need not be considered in 
performance assessmentsPAs. 

6.2.5.2.3 Screening of Future Human-Initiated EPs 

Future human-initiated EPs accounted for in 

5 

6 

performance assessmentPA calculations for the 
WIPP are those associated with mining and deep drilling within the controlled area at a time 
when institutional controls cannot be assumed to completely eliminate the possibility of such 
activities.  All other future human-initiated EPs, if not eliminated from 

7 
8 
9 

performance 10 
assessmentPA calculations based on regulation, have been eliminated based on low consequence
or low probability.  For example, the effects of future shallow drilling within the controlled area 

 11 
12 

have been were eliminated from performance assessmentPA calculations on the basis of low 
consequence to the performance of the disposal system.  These screening decisions are listed in 
Table 6-6 

13 
14 

Table 6-5 and are discussed in Appendix PA SCR, Attachment SCR (Section SCR.3). 15 

16 

17 
 to determine if changes to the original decisions are necessary.  The 18 

FE19 
obs20 
WIPP h21 
reasses22 

The FEP assessment resulted in the addition of two new FEPs to better represent solution 23 
min g24 
other r25 
inform -26 
2004 P  the CRA-2004 PA 27 
as a result of new information.  This FEP screen28 
PA st29 
Disrup30 
through past site characterization and current monitoring data (Appendix PA, Attachment 31 
SCR).  The changes to the FEPs base32 

6.3 S33 

This se

6.2.6 Reassessment of Features, Events, and Processes for the Compliance Recertification 

As part of the recertification effort, the DOE assessed the impacts of new information on the 
original FEPs baseline

Ps baseline could be affected by new information from literature, experiments, 
ervations from monitoring programs, or changes implemented by the DOE (moving the 

orizon to Clay G, for example).  The processes and results of the FEPs baseline 
sment are documented in Appendix PA, Attachment SCR. 

in  (H57 and H58) and the deletion of four FEPs (by combining the deleted FEPs into 
elated FEPs).  Seven screening decisions were also changed as a result of new 
ation.  However, only three FEPs previously screened out were screened into the CRA
A. The impact of organic ligands (W68 and W69) was screened into

ing decision change is the only impact to the 
 sy em.  The inclusion of ligands is discussed in Section 6.4.3.4.  The FEP Surface 

tions (H41) was also screened in.  This FEP was already implicitly included in PA 

line are summarized in Table 6-7. 

cenario Development and Selection 

ction addresses the formation of scenarios formed from FEPs that have been were 34 
retained for performance assessmentPA35  calculations, and introduces the specification of 
scenarios for consequence analysis.  Specification of pProbabilities associated with scenarios is 36 

37 

e the formation of scenarios for consequence analysis from 38 
combinations of FEPs that remain after FEP screening (Cranwell et al. 1990) (Figure 6

are discussed in Section 6.4.12. 

Logic diagrams are used to illustrat
-76-8).  39 

Each scenario shown in Figure 6-76-8 is defined by a combination of occurrence and  40 
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Table 6-7.  FEPs Reassessment Summary Results 

EPA FEP 
I.D. FEP Name Summary of Change 

FEPs Combined with other FEPs 
N17 Lateral Dissolution Combined with N16, �Shallow Dissolution.�  N17 removed from 

baseline. 
N19 Solution Chimneys Combined with N20, �Breccia Pipes.�  N19 removed from Baseline. 
H33 Flow Through Undetected 

Boreholes 
Combined with H31, �Natural Borehole Fluid Flow.�  H33 rem
from baseline. 

oved 

W38 Investigation Boreholes Addressed in H31, �Natural Borehole Fluid Flow,� and H33, �Flow 
Through Undetected Boreholes.�  W38 removed from baseline. 

FEPs With Changed Screening Decisions 
W50 Galvanic Coupling SO-P to SO-C 
W68 Organic Complexation SO-C to UP 
W69 Organic Ligands SO-C to UP 
H27 Liquid Waste Disposal SO-R to SO-C 
H28 Enhanced Oil and Gas SO-R to SO-C 

Production 
H29 Hydrocarbon Storage SO-R to SO-C 
H41 Surface Disruptions SO-C to UP (HCN) 
New FEPs for CRA-2004 
H58 Solution Mining for Potash Separated from H13, �Potash Mining.� 
H59 Solution Mining for Other 

Resources 
Separated from H13, �Potash Mining.� 

nonoccurrence of all potentially disruptive EPs.  Disruptive EPs are defined as those EPs that 1 
result in the creation of create new pathways, or significantly alteration of alter existing 
pathways for fluid flow and, potentially, radionuclide transport within the disposal system.  Eac
of these scenarios also contains a set of features and nondisruptive EPs that remain after FEP 
screening.  As shown in Figure 

2 
h 3 

4 
6-76-8, undisturbed performance (UP) and disturbed 

performance (DP) scenarios are considered in consequence modeling for the WIPP performance 
5 
6 

assessmentPA.  The undisturbed performance(UP)scenario, as discussed in Chapter 8.0, is used 7 
for compliance assessments.  Important aspects of undisturbed performance(UP) and disturbed 8 
performance(DP) are summarized in this section. 

6.3.1 Undisturbed Performance 

9 

10 

11 
 disposal 12 

rupted by human intrusion or the occurrence of unlikely natural events.�  13 
Consideration of

Undisturbed performance is defined in 40 CFR § 191.12 to mean �the predicted behavior of a 
disposal system, including consideration of the uncertainties in predicted behavior, if the
system is not dis

 Considering only undisturbed performance(UP) is required for compliance 14 
0 CFR 15 assessments with respect to the Individual and Groundwater Protection Requirements (4

§ 191.15 and 40 CFR § 191.24) (see Chapter 8.0).  Undisturbed performance is also considered 16 
together with disturbed performance(DP) for performance assessmentsPAs with respect to 
Containment Requirements (40

the 17 
 CFR § 191.13). 18 
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