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Summary Memo of Record for NS11;
Subsidence Associated with Mining Inside or Outside the Controlled Area
Michael Wallace

Recommended Screening Decision:

NS11 is screened in on a regulatory basis.

Statement of Screening Issues:

Subsidence over future potash mines could modify the rate and direction of groundwater
flow in strata overlying the Salado Formation. Concerns have been raised that such a
modification could lead to an increase in flow rates within the Culebra aquifer member
of the Rustler Formation from the waste panel footprint to the boundary of the accessible
environment (AE). If such an increase were to occur, concerns would focus on whether
or not this would have an impact on compliance calculations involving the Culebra
aquifer in the Performance Assessment (PA).

Background and Approach for NS11

In the current regulation, 40CFR Part 194, which applies to certification of WIPP, the
Environmental Protection Agency (EPA) has developed minimum specifications for
incorporating potash mining impacts upon the performance of the WIPP repository.
Pertinent excerpts from the published rule are shown below. The complete text (Federal
Register/vol. 61, No. 28) is included as Appendix NS11.1:

“ 194.32 Scope of performance assessments

(a) Performance assessments shall consider natural processes and events, mining, deep
drilling, and shallow drilling that may affect the disposal system during the
regulatory time frame.

(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.

(c) Performance assessments shall include an analysis of the effects on the disposal
system of any activities that occur in the vicinity of the disposal system prior to
disposal and are expected to occur in the vicinity of the disposal system soon after
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disposal. Such activities shall include, but shall not be limited to, existing
boreholes and the development of any existing leases that can be reasonably
expected to be developed in the near future, including boreholes and leases that may
be used for fluid injection activities.” )

Furthermore, in the preamble contained in that regulation document, on page 5229, it is
stated:

“With respect to man-made processes and events, performance assessments must
include the effects of drilling events and excavation mining. Some natural resources
in the vicinity of the WIPP can be extracted by mining. These natural resources lie
within the geologic formations found at shallower depths than the tunnels and shafts
of the repository and do not lie vertically above the repository. Were mining of
these resources to occur, this could alter the hydrologic properties of overlying
formations-including the most transmissive layer in the disposal system, the Culebra
dolomite--so as to either increase or decrease ground-water travel times to the
accessible environment. For the purposes of modeling these hydrologic properties,
this change can be well represented by making corresponding changes in the values
for the hydraulic conductivity. The Agency has conducted a review of the data and
scientific literature discussing the effects mining can induce in the hydrologic
properties of a formation. Based on its review of available information, the Agency
expects that mining can, in some instances, increase the hydraulic conductivity of
overlying formations by as much as a factor of 1,000, although smaller or even
negligible changes can also be expected to occur. Thus, the final rule requires DOE
to consider the effects of mining in performance assessments. In order to consider
the effects of mining in performance assessments, DOE may use the location-
specific values of hydraulic conductivity, established for the different spatial
locations within the Culebra dolomite, and treat them as sampled parameters with
each having a range of values varying between unchanged and increased 1,000-fold
relative to the value that would exist in the absence of mining. . . . .

Pursuant to 194.34 of the final rule, performance assessments must randomly
sample across the full range of values that have been established for all uncertain
variables, including the hydraulic conductivity of the Culebra dolomite established
as discussed above.”

This guidance was developed by the EPA and its contractors. Prior to the issuing of the
guidance, two versions of this FEP had already been developed. The first version, by T.
Corbet, was a consequence argument, supported by calculations, in which the FEP was
recommended to be screened in. The conceptual model of potash mining effects on
Culebra flow in that version was fundamentally different than the one adopted by the
EPA. Corbet had conceptualized potash-induced subsidence as primarily affecting the
hydraulic conductivities of the Rustler confining units (such as the Tamarisk and the
Forty Niner) not the Culebra. Before that version could complete internal review, but as
part of that review, it was superseded by a regulatory argument by S. Bertram to screen
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out. That version did complete internal review, but was in turn superseded by the recent
changes to 40CFR 194 and the guidance, as documented above. Both of these prior
versions of the FEP are included in the same Nuclear Waste Management Center
(NWMC) file that contains this records package, for informational purposes. This
current version does not rely on either of those versions in any way.

Sandia National Labs conducted a cursory review of the EPA guidance, after it became
official. Two meetings of experts in geomechanics and hydrogeology were held to
consider and evaluate the EPA’s approach. Partial documentation of those meetings is
provided in same Nuclear Waste Management Center (NWMC) file that contains this
records package, for informational purposes. This current version of NS11 is stand-
alone. Any data or conceptual issues developed through those meetings that might have
been relevant is already documented in this version.

Under this specific EPA guidance, the current FEP must be incorporated into the PA
analyses. The purpose of this effort, then, is to document this incorporation and provide
analysis on relative impacts to the Culebra ground water flow system.

The implementation of mining is divided up into the following steps:

¢ Determination of areas of the Culebra to be affected by “present’ and ‘near-future’
mining.

e Determination of areas of the Culebra to be affected by ‘future’ mining.

e Reconsideration of Culebra flow model geometry and boundary conditions, in light of
mining issues.

e Digitizing of mining-affected areas into the Culebra flow model(s).

e Determination of multiplication factors to use for the hydraulic conductivity of such
areas for each of the 100 base transmissivity fields.

¢ Running of the Culebra ground water flow codes with these modified transmissivity
fields.

e Integration of these flow results into the solute transport models, taking into account
the regulatory criteria for probability of ‘future’ mining cases and the intrusion
scenarios.

The discussion below follows these steps.

Determination of areas of the Culebra to be affected by ‘present’, ‘near-future’, and

future’ mining.
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(See the Glossary section of this records package for definitions of present, near future,
and future states).

Most of this work was performed by Westinghouse Waste Isolation Division (WID) and
is documented in a recent memo (Howard, 96) included in this package as Appendix
NS11.2. That memo details the pertinent regulations, the rationales, the procedures, and
the results of defining precisely the areas and subsurface horizons within the Delaware
Basin which have been mined for potash and which, according to regulatory guidelines,
are to be mined in the near future and future. Figure 1 is taken directly from Figure 5 of
their report and identifies the areas for which present and near-future mining conditions
would apply according to WID interpretations. Those areas are limited to the regions
labeled “Extent of Mining Outside the Controlled Area”.

By those interpretations, there would be no obligation to apply the mining effect to areas
that have already been mined. The Performance Assessment (PA) group felt it would be
appropriate, and conservative to include such already-mined areas. Therefore, an
additional map was utilized, “Preliminary Map showing Distribution of Potash
Resources, Carlsbad Mining District, Eddy and Lea Counties, New Mexico”, 1993,
Roswell District, U. S. Bureau of Land Management (BLM). This map contains fairly
up to date and detailed representations of the areas in the region of concern that have
already been mined. That map is reproduced here as Figure 2.

WID made another interpretation that led to their exclusion of potash zones outside of
the Delaware Basin. The PA group felt that it was necessary to include any such zones if
they lay within the final regional flow model boundary. This ultimately led to the
addition of a mining-affected area at the northern corner of the regional model domain
that projected out of the Delaware Basin and into the area that overlies the Capitan Reef.

For the case of future mining events within the Controlled Area (CA), Figure 8 of the
WID memo was utilized without modification. That figure depicts zones of Langbenite
and Sylvite within the Controlled Area which are considered economically extractable
according to current technologies. That figure is included here as Figure 3. The
rationale for this domain is described in the WID memo.

This assembly of data led to two starting maps. The first map reflects the conditions
associated with the present to near-future case, hereafter called the partial-mining case
map. The second map reflects the conditions associated with the future case, hereafter
called the full-mining case map. The partial-mining case map is a subset of the full
mining case map. All of the areas that fall outside of the Controlled Area in which the
mining effect is to be applied (to the Culebra) are identical for both the full-mining and
partial-mining cases. Only the full-mining case contains the additional areas that fall
inside of the Controlled Area in which the mining effect is to be applied (to the Culebra).

The areas covered by these mining zones had to then be expanded to account for
subsidence induced angle-of-draw effects. Three rationales are provided that support the
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expansion value used. First, the “Backfill Engineering Analysis Report” (IT Corp.,
1994) includes a survey of angle of draw measurements for four major potash mines in
the WIPP area. The measurements range from 25° to 58° (from vertical). Notably, on
page 9-68 of the BID, EPA terms 58° “pessimistic”. The midpoint of this range is 41.5°.
Although the midpoint value would likely be acceptable, a more conservative value of
45° was chosen for the current analyses.

Second, work described in the EPA’s “Background Information Document (BID) for
40CFR Part 194" (EPA, January, 1996, section 9.4) provides a basis for an alternative
way of estimating an angle of draw. That study assumed a representative potash mine
width of 3,000 ft, which, given the representative depth to the mines that they report as
1,543 ft., is assumed to be greater than or equal to W.. W, is defined as the minimum
width (given a certain depth) of an excavation required to achieve maximum subsidence,
according to the following equation:

W, = (2H)tan(d)
where:

H = depth from horizon of subsidence measurement to excavation
d = angle of draw (from vertical axis)

Table 9-5 of the BID report lists depth to the Culebra as 714ft. Therefore, H = 1,543-
714=829 ft. Then, assuming W, = 3,000ft., the angle of draw is less than or equal to 44°.

Finally, on p. 11-10 of the BID, middle paragraph, an angle of draw of 40.7° is assumed
by the EPA in a calculation of surface subsidence due to mining in the Salado. They
assume that calculation to be “realistic”.

Given our assumption of a 45° angle of draw, and assuming that H=829ft. (=253m)
everywhere, a constant 253m wide ‘collar’ was added around the previously developed
mining-impacted area maps. Because of this addition, in the partial-mining map, parts of
the CA are now included for present and near future performance. That is because in
certain areas, notably the southeast corner of the LWB, outside mining extends up to the
very boundary. The extra collar extends the effect 253 meters into the CA.

Figures 4 and 5 show the completed maps for partial-mining and full-mining
respectively.

Reconsideration of Culebra flow model geometry and boundary conditions, in light of
mining issues.

Mining effects are only a few of the myriad issues that must be accounted for in the
development of the geometry and boundary conditions for the Culebra regional flow
model. The mining effects pose challenges regarding model boundary development,
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since, for example, the potash zones extend well beyond the original PA regional flow
model boundaries. In fact, the zones extend well beyond the Delaware Basin.

Reference was made to the 3-D Regional Groundwater Flow Model (Corbet, 95) and its
conceptualization of the regional groundwater basin of interest. In that study, as shown
in Figure 6, the regional groundwater basin encompasses an area much larger than the 2-
D PA regional flow model. This figure also shows the overlay of the potash-affected
candidate areas and the topography. The groundwater basin can be conceptualized as a
a ‘complete’ groundwater system (with possibly more than one saturated hydrogeologic
unit) encompassed at its sides by effective vertical no-flow boundaries (vertical surfaces
through which horizontal flow does not occur). Such boundaries, also known as
groundwater divides, are often zones of flow symmetry, such as rivers or topographic
ridges in many cases. Water cycles through such a basin by entering via
precipitation/recharge processes and exiting via seepage faces / runoff processes.

Note that the PA regional model and the 3-D regional model share a boundary, namely
the one corresponding to the perceived groundwater flow divide (via discharge
symmetry) that underlies Nash Draw. As the conductivities are already quite high in that
area (in fact, the Culebra is significantly broken up there), and given that regional and
surface topographic effects in the area appear to have predominant control over the
regional flow field, it was assumed that this region would continue to function as a
groundwater divide, in spite of any mining effects. Therefore it was considered
appropriate that one boundary of the new model still followed the Nash Draw axis.

Attention was focused on developing a model boundary for steady state flow purposes
that did not underestimate flow rates in light of mining. In a steady state model, regional
flow rates are controlled by the boundary conditions and the hydraulic conductivity
distribution. All other things being equal, adjusting boundary conditions will cause a
change in the regional hydraulic gradients which will lead to a change in flow rates.

The existing PA regional model was steady state, and was designed to apply the same
constant head and no flow boundary conditions for all of its simulations. Those
conditions consisted largely of the highest constant heads (~945m) assigned at the
northern corner of the model and the lowest heads (~900m) assigned at the southern end
of the model (Figure 7). The net hydraulic gradient applied over the existing model was
therefore approximately 0.001 m/m. Examination of existing Culebra groundwater head
maps (such as Brinster, 91, figure VI-2) shows that this is a representative gradient for
the region, and that deliberately extending the model boundaries either further north or
further south would not increase this overall gradient. Since the regional gradient is
from north to south, extending the eastern boundary limits of the model would also not
increase this overall gradient.

In the 3-D Regional Model study, Nash Draw is interpreted as a regional discharge area,

draining the Rustler units to the east and north (and also by implication via discharge
symmetry, to the west). It seems plausible that by increasing the hydraulic conductivities
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of the Culebra (via mining effects), drainage to Nash Draw, including from the Culebra
in the north, would increase dramatically and the water table would ultimately drop
across the CA. As the water table drops in the north, Culebra heads would also lower,
and the regional north to south head gradients would correspondingly lower to some
degree. In other words, it is unlikely that Culebra regional gradients, especially those
directing flow from the north to the south, would rise due to mining effects.

Given the information above, there were no reasons from a mining-effects standpoint to
alter the existing PA regional model boundary positions. Nor was there any justification
for changing the boundary conditions. In fact, it is conservative to maintain the existing
boundary conditions in light of mining effects. Those conditions are likely to generate
higher flow rates than what is expected via a drop in the water table. Also they maintain
conditions that encourage a north to south flow direction, in line with the so-called high-
T zone (which, in the case of mining would then be an extreme-T zone). As stated, it is
more likely that the regional gradients would be directed to the west, towards Nash
Draw, and thereby towards the low-T zone, significantly slowing down groundwater
velocities within the CA.

Digitizing of mining-affected areas into the Culebra flow model(s).

Scaled maps of the mining areas (Figures 4 and 5) were overlain by identically scaled
semi-transparent model grid maps (Figure 7). Model grid cells that lay within the
mining-affected areas were identified and entered into ascii files for both the full-mining
and the partial-mining cases. See other sections of this records package for detailed
information.

Determination of multiplication factors to use for the hydraulic conductivity of mining-
affected areas for each of the 100 base hydraulic conductivity fields.

As documented in the beginning of this report, the EPA guidance states that areas of the
Culebra affected by mining will experience an increase in K of up to three orders of
magnitude. In the PA implementation, a uniform random distribution of 100 mining
multiplication factors is generated for each major replicate. The range is of course from
a minimum of 1.0 to a maximum of 1000. Each multiplication factor (called minp_fac)
is then paired with a Grasp-Inverse generated K-field for the regional model domain.
The factor is only applied to the cells affected by mining.

Running of the Culebra ground water flow codes with the modified K-fields and
integration of these flow results into the solute transport models, taking into account the
regulatory criteria for probability of ‘future’ mining cases and the intrusion scenarios.

The regional and local Culebra ground water flow and transport codes are run as they
normally would be, with the following exceptions. Two separate series of runs are
made; one for the full-mining case and one for the partial mining case. The results of the
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runs are then adapted in subsequent activities that address, among other things, the times
of occurrence of the full-mining condition.

A complete description of this process can be found in Helton, ‘96, and is beyond the
scope of this document. However a brief summary is provided here for those familiar
with the mechanics of PA CCDF generation. Ultimately, one hundred individual
CCDFs are constructed, each with a different base set of parameter values. Each CCDF
is constucted from 10,000 possible different futures, using its assigned parameter set.
Within each assigned parameter set are parameters about mining. For example, there
will be two hydraulic conductivity fields in a parameter set; one for the partial mining
case, and one for the full mining case. There will also be a mining-multiplier value,
described earlier (ranges from 1 to 1,000) which was used to create those hydraulic
conductivity fields.

The timing of the onset of full mining is not contained in that parameter set. Instead, it is
incorporated into the Poisson process equations used to generate the 10,000 possible
futures. As stated, only two contaminant transport runs are actually conducted for each
CDF. Interpolation procedures are then used to approximate cumulative releases (based
on the output from those two runs) for each future. The relationship between the time of
full-mining onset and the times of intrusion (when a plume is introduced, if ever, into the
Culebra) is such that interpolation requires simplifying assumptions.

In some cases, due to the probability of occurrence, full-mining never takes place, and
the interpolation is straightforward. In the majority of cases, however, at some point in
time within the total 10,000 year framework, full-mining does take place. In those
cases, plumes which were already transporting according to a partial-mining velocity
field, are assumed to continue to transport according to that field. Only plumes which
are created after the onset of full-mining are assume to transport according to a full-
mining velocity field.

Analysis and Results

As discussed previously, the PA implements mining by first assigning areas of the
Culebra in the flow model domain that would be impacted, via subsidence, by mining
from the McNutt Potash Zone in the Salado Formation. Flow model grid cells that fall
within those areas are then given a higher hydraulic conductivity (K) than their original
assignment. The increased K is determined by applying a multiplication factor to the
original value. The scalar multiplier may range anywhere from 1 to 1000. Each of the
100 T-fields is paired with an individual scalar multiplier. Figures 4 and 5 depict the
affected model grid cells for the cases of Partial Mining and Full Mining, respectively.

It would be natural to assume that raising Ks in a model (all other things being equal)
would make velocities increase, and therefore travel times would decrease. It would
follow that the greater the area of increased K, the greater the velocity increase. Yet, this
has not been the case. In the system modeled for WIPP, the full mining case has the bulk
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of the slowest travel times. In fact, flow runs with particle tracking were performed for
the ‘no-mining’ case, and they generated the fastest velocities of all.

The reason for this phenomenon is simple. Changes in Ks over such a wide area have
caused refraction of the normal groundwater flow paths. This refraction has created a
shift in flow directions in the LWB from the south to the southwest. Particles originating
from the waste panel no longer go down the original so-called high-T zone southward to
the LWB. Instead they travel more to the west. They need only be diverted slightly to
the west for dramatic slowdowns to be realized, since the hydraulic conductivities in that
direction are much lower than along the original path, and are unchanged by mining.

The cause for this refraction is equally simple. Examination of Figure 7 (boundary
conditions) shows that for the regional groundwater flow model, the boundary conditions
are such that there would be a regional tendency for flow to proceed from north to south,
merely because the highest heads are prescribed at the northern boundary corner and the
lowest heads are prescribed at the southern corner. Now consider Figures 4 and 5, where
the areas of application of full and partial mining effects are delineated. Given that these
areas effect an increase of K of up to 1,000 fold, it is no wonder that the resistance to
flow is drastically reduced therein. As the resistance is reduced, the hydraulic gradient
across those areas also drops. In other words, heads near the LWB (in mining areas) are
now far more similar in magnitude to heads at the model boundaries (in connected
mining areas) than they would be prior to any mining effect.

Consider the mining area that extends from the western model boundary region to the
western/southwestern portion of the LWB. The mining effect now causes the heads near
the LWB to be closer to values along the western model boundary (than they would have
been prior to mining). Now consider the tongue of mining area that projects down to the
northeastern/eastern section of the LWB (and inside of the LWB for the full mining
case). That mining effect now causes the heads in those areas to be closer to values
along the northern corner of the model (than they would have been prior to mining.
Since the prescribed heads at the northern model corner are higher than the prescribed
heads along the western boundary region, the heads along the northeastern/eastern
portion of the Land Withdrawal Area (LWA) are now higher than the heads along the
western/southwestern portion of the LWA. Therefore, the gradients are no longer
directed to the south in the LWA. Instead, they tend to the southwest or even to the west.
As the gradients go, so goes the flow.

Vector R040 of PA Replicate #1 is discussed here as an example. This vector includes
T-field #53 from the Grasp-Inverse series of runs, subsequently modified for mining.
Figure 8 shows the regional model hydraulic conductivity distribution for the no-mining
case. The modification consisted of the mining-impacted cells having their original K
values increased by a factor of 271.4. Figures 9 through 11 depict the local model K
values for the cases of no-mining, partial-mining, and full-mining.
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Figures 12 through 14 depict the local model hydraulic head contours for the cases of no-
mining, partial mining, and full mining, respectively. For the case of no-mining, the
contours depict a relatively steep gradient directed towards the southeast, followed by a -
flattened gradient heading more or less southwards. In the case of partial mining, the
contours flatten somewhat and begin to separate into two distinct zones. The upper zone
maintains a southeasterly direction, while the lower zone would direct flow to the south
by southwest. In the full-mining case, this separation is more complete, and the lower
zone directs flow to the southwest by west.

Appendix NS11.3 contains a complete discussion of the particle tracking analyses that
were conducted in association with the Culebra flow model runs. That appendix details
the methodology and rationale for tracking swarms of particles originating within the
waste panel footprint. For the following discussion, only the particle originating from
the center of the waste panel footprint is shown, for clarity.

Figure 15 depicts the local model particle tracks for the same three cases. As expected,
they are consistent with the hydraulic head contours. Table 1. shows particle travel times
in years for the three cases, along with supporting information. As the table shows, the
fastest velocities belong to the no-mining case, followed by the partial-mining case (more
than 2 times slower), followed by the full-mining case (more than 7 times slower than the
no-mining case).

Table 1. Particle travel times (from center of waste panel area to LWB) for a
representative base hydraulic conductivity realization under nonmined, partially mined,
and fully mined conditions.

Grasp-Inverse| Replicate 1 scalar travel time: travel time: travel time:
T-Field id # | CCA vector #| multiplier | no mining | partial mining | full mining
(years) (years) (years)
53 40 271.4 3,581 8,461 27,790

This specific example of the no mining case being the fastest is but one of many cases in
which this behavior is exhibited. In fact, this behavior is the norm for this system, as
demonstrated in Figure 16. As that figure shows, in over 74% of the comparisons,
velocities are greatest when mining effects are not applied to a T-Field. In addition the
fastest velocity of all the cases is for a no-mining condition. Finally, it is notable that in
73% of the comparisons, velocities for partial mining are faster than velocities for full
mining (Figure 17). This is an important justification for the manner in which the
velocity fields are implemented into the PA. It shows that transporting plumes according
to a partial-mining case velocity field (as opposed to a corresponding full-mining case
velocitiy field) is conservative in the majority of cases. Furthermore, in the
circumstances where partial-mining velocity fields are faster than full-mining velocity
fields, the difference is often at an order of magnitude or greater. On the other hand, in
the cases where full-mining velocity fields are faster than partial-mining velocity fields,
the difference is never that great.
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Conclusions

The EPA guidance in 40CFR Part 194 and supporting documents has prescribed the
manner in which effects of potash mining upon Performance Assessment are to be
addressed. Their guidance involved treating the Culebra aquifer as impacted, via
subsidence from mining, in such a manner that hydraulic conductivities (where impacted
by subsidence) are raised by up to three orders of magnitude. Model studies were done
utilizing the EPA guidance. Particle tracking was performed as a preliminary analysis
tool by which to assess the relative impacts of the new mining guidance. It was
determined that incorporation of mining effects into the PA, in the manner guided by
EPA, would be advantageous, if anything, to compliance. The advantage would be
gained by an overall slowdown in the groundwater velocities generated by the suite of
groundwater flow calculations.
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Glossary

existing states, or present states; Physical conditions about the WIPP site, including the

subsurface, as they currently exist. This includes conditions (such as hydraulic heads in

the saturated zone) that may be currently influenced by human activities in the area, such
as petroleum or potash resource development.

near future states; Physical conditions about the WIPP site, including the subsurface, as
they are expected to evolve up to the completion of any resource-development activity
iniated (i.e., for which a potash or petroleum lease exists and an application for a
resource-development permit has been filed with the State and/or the BLM) as of the
date of sealing of the WIPP shafts, if the activity could affect physical conditions
important to performance of the WIPP. This definition does not include conditions
resulting from any leases (and resulting development activities) that may be granted in
the future.

With regard to potash mining effects upon the Culebra, the so-called Partial-Mining Case encompasses
the combined effects of existing and near future states.

future states: Physical conditions about the WIPP site, including the subsurface, as they
are expected to evolve in the absence of resource extraction activities initiated
subsequent to the date of sealing of the WIPP shafts, except potash mining. For the issue
of potash mining, this definition includes conditions resulting from any potash mining in
the future, if mining could affect physical conditions important to performance of the
WIPP.

With regard to potash mining effects upon the Culebra, the so-called Full-Mining Case encompasses
the effects of all states; existing, near future, and future.
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Calculations:

This section summarizes some basic features of the analysis.
Complete discussion of data development is contained in the attached Summary Memo of Record.

Type of analyses:

Three ground water flow model sets (no-mining case, partial-mining case, and full-mining case), 100 runs
each, using SECOFL2D and TRACKER numerical codes.

e Horizontal 2-D flow, all steady state
e Equivalent porous media approximation
¢ Single phase, single density flow approximation.

Model characteristics and parameters:

Regional grid and associated boundary conditions and material properties from 1996 PA Culebra regional
flow model.

Local grid and associated boundary conditions and material properties from 1996 PA Culebra local flow
model

Original transmissivity fields (Lavanue, 96) were modified. First, in the conventional manner for normal PA
analysis to correct for a different aquifer thickness and thereby to obtain hydraulic conductivity. Second, by
applying the mining multiplication factor to the affected areas (for two of the cases), according to the means
summarized in the attached Summary Memo of Record.

Names of Participants:
Michael Wallace, Dept. 6849 (RE/SPEC, Inc.) MS 1328

Rebecca Blaine, Dept. 6849 (Ecodynamics, Inc.) MS 1328

Dates Analysis Conducted:
Summer, Fall, 1996
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Plan of Work:

A set of screening analyses have been performed to evaluate the sensitivity of the WIPP
repository performance to the following FEP:

FEP Screening Issue Ns11: Subsidence Associated with Mining Inside or Outside the
Controlled Area

This records package provides background information on the process used for conducting
the screening analyses and summarizes the scenarios considered, identifies the computer
codes and input and output files used in the calculations, and describes the performance
measures that are used to help establish FEPs screening decisions. The statement of
recommended screening decision for the FEP is provided in the attached Summary Memo
of Record.

Planning Memos of Record:

A copy of the Approved Planning Memo of Record is provided on the following page.

Documentation of Changes from Work Analysis Plan:

The Work Analysis Plan, also known as the Planning Memo of Record, was superceded as a
result of newer regulatory guidance (40 CFR 194). That guidance is included here as
Appendix NS11.1, and constitutes the new plan, spelled out in detail in the attached
Summary Memo of Record. The original plan was written in 1995 using older regulatory
guidance (40 CFR 191 and a proposed but not official 40 CFR 194).
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NS-11: SUBSIDENCE ASOCIATED WITH MINING INSIDE OR
OUTSIDE OF THE CONTROLLED AREA
Planning Memo of Record

TO: D. R. Anderson

s INFORMATION ON!Y
SUBJECT: FEP Screening Issue NS-11

STATEMENT OF SCREENING ISSUE

Subsidence over future potash mines could modify groundwater flow in strata overlying the Salado
Formation. The most important potential impact of future mining would be fracturing of hydraulically tight
units within the Rustler Formation. Such fracturing could increase the vertical hydraulic conductivity of
these units and thereby increase vertical leakage. It has also been proposed that depressions on the surface
caused by subsidence could collect surface runoff and consequently increase the amount of recharge to the
groundwater system,

The region of potential potash reserves in the upper Salado is more extensive than the controlled area.
This area, however, would never be mined in one pass. Instead, mine working would follow trends of the
highest grade ore. This pattern of mining would generate a complex and changing stress field in the
overlying rocks. The nature of the stress field, and its affect on rock properties, could not be predicted in
the absence of knowledge about the mining pattern. For the purposes of this FEP screening issue, it is
necessary, and probably sufficient, to assume as a limiting case that future mining would uniformly impact
rock properties in the entire region overlying potential reserves.

APPROACH
Calculation Design

Approximately 8 3D transient calculations will be performed as part of FEP screening issue NS-8. For
this side effort, several of those simulations will be repeated with temporally varying rock properties in the
area overlying potash reserves. Specifically, the vertical conductivity and specific storage of the anhydrite
layers will be increased at the simulated present time. The simulated impact of the rock property changes on
flow in the Rustler over the following 10,000 years will be used as a criteria to aid in making a screening
decision about this FEP issue. It would also be possible to increase the recharge rate over the mined area to
simulate the possible impact of surface depressions.

INFORMATION ONLY

PMR_NS-11 1 May 30, 1995

s sueee: - Inforgation Ofily
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General Schematic of Data Flow for NS11:

case-specific modifications to this general data flow are detailed in subsequent sections

GENMESH
(Defines gridded mesh)

MATSET
(Populates the grid with
material-property data)

POSTLHS
(Adds sampled values to cdb
file)

RELATE
(transfers t-field to the above cdb file)

v
ALGEBRA
(multiplies affected t-field cells by the
appropriate mining factor)

PRESECOFL2D
(Transforms all input data to required
binary formats)

SECOFL2D
(Solves governing PDEs for head and
thereby velocity)

POSTSECOFL2D
(Adds SECOFL2D results to cdb file)

v
TRACKER
(performs particle track analyses)

-

BLOT
(Generates plots)
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Software:
Title and version of software used:

For partial-mining and full-mining cases, the TRACKER code was run directly on the
output from the CCA runs. Therefore only TRACKER and other downstream software
are listed here for these cases. For the no-mining case, RELATE and ALGEBRA were
applied to existing CCA files. Therefore, only those and downstream software codes are
listed for that table.The pertinent output from CCA is identified in a following section of
this records package (Data set and information files used, including name and version of all databases,

libraries, and data files:).

Partial-Mining and Full-Mining Cases

software NS11 Calc NS11 Cale pointer to
partial-mining | full-mining SWCF
run dates run dates records
TRACKER, Ver. 5.01Z0 10-14-96 to 10-14-96 to WPO7483
3-8-94 ' 10-15-96 10-15-96 also see
WP0O40516
Spreadsheets ;
Microsoft Excel Ver. 5.0c | various dates | various dates na
summer, fall, summer,fall,
96 96
Plotting and Data
Presentation Packages
BLOTCDB Ver. 1.37 various dates | various dates | WPO21260
6-4-96 summer,fall, summer,fall,
96 96
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Software: (cont.)

No-Mining Case

Pre-Processor Ns11 Calc pointer to
no mining SWCEF records
run dates

RELATE, Ver 1.43 9-30-96 WP022267

3-6-96

ALGEBRA, Ver 2.35 9-30-96 WPO021247

1-31-96

PRESECOFL2D, 9-30-96 WPO032397

Ver. 4.05, 6-11-96

Analysis

SECOFL2D, Ver. 3.03 9-30-96 WPO37271

5-7-96

Post Processor

POSTSECOFL2D, 9-30-96 WP023298

Ver. 4.04, 4-23-96

TRACKER, Ver. 5.01Z0 10-14-96 WPQO7483 also

3-8-94 see WP0O40516

Spreadsheets

Microsoft Excel Ver. 5.0c | various dates na

summer, fall,
96

Plotting and Data

Presentation Packages

BLOTCDB Ver. 1.37 various dates WPO21260

6-4-96

summer, fall,

96
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Data set and information files used, including name and version of all databases,
libraries, and data files:

Data Development; creation of modified hydraulic conductivity fields for use in the CCA

Data files that contain the results of the digitization of the mining-affected areas are part of
the CMS system. The initial files that were developed for that process are stored in the
Gateway 2000 computer at the desk of Michael Wallace, Dept. 6849, SNL (as of 11-19-
96) in C:/data/pish/

cells_in.dat  cells affected by mining from inside the LWB

cells_pm.dat cells affected by mining from outside the LWB

The above files are merely long lists of each regional model grid cell number, followed by
an identifer: 0.0 = no mining effect, 1.0 = mining effect

Those files were converted to ALGEBRA input files for application to the regional model.
They can be ‘fetched’ from the Configuration Management System (CMS) by entering the
following commands:

(for partial mining)

$ libalg

$ cfe alg_sf2d_cca_ pm.inp

(for full mining)

$ libalg

$ cfe alg_sf2d_cca_ fm.inp
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Data set and information files used, including name and version of all databases,

libraries, and data files: (cont.)

SECOFLO2D runs; Partial-Mining and Full-Mining Cases

Most files are located currently in the WIPP Alpha Cluster in the following directories:

Partial Mining Case: F1:[FEP.RLBLAIN.NS11.P_MINE]

Full Mining Case: F1.[FEP.RLBLAIN.NS11.F_MINE]

File Characteristic Full Mining Case Partial Mining Case
starting CCA data see note #1 see note #1

com procedure

track_13.com

track 13.com

travel time ascii data,
local

tt_r### x.dat (x=1t013)
track_x.inp

tt_r###_x.dat (x=1t013)
track_x.inp

particle tracks, local

track_r###_x.cdb (x=11013)

see note #2, this page

track_riH# x.cdb (x=11013)
see note #2, this page

Note #1. For the partial-mining and full-mining cases, TRACKER was run directly on the

output from the CCA runs. The output used can be ‘fetched’ from the Configuration
Management System (CMS) by entering the following commands:

(for partial mining)
$ libsf2d

$ cfe sf2d3_cca_local_r1_v*_pm.cdb

(for full mining)
$ libsf2d

$ cfe sf2d3_cca_local_r1_v*_fm.cdb

Note #2. For all cases, the TRACKER output .cdb files were too large to be stored. They
can easily be recreated by running the track_13.com procedure (assuming the .cdb file has

first been fetched, if necessary, from CMS, see Note #1).
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DataSet.. . cont. SECOFLO2D runs; No-Mining Case

Most files are located currently in the WIPP Alpha Cluster in the following directories:

No Mining Case: F1:[FEP.RLBLAIN.NS11.NO_MINE]

File Characteristic No Mining Case

RELATE

input files gri_cca_rxxx.cdb see note #3.
reg.cdb, relate.inp

output files reg_nm_rxxx.cdb

com procedure relate.com

ALGEBRA

input files reg_nm_rxxx.cdb
algd.inp

output files reg_nm_rxxx.cdb

com procedure alg.com

PRESECOFLO2D input files

cdb input reg_nm_r###.cdb, loc.cdb

ascii input sf2d1_cca.inp

| general output data secofl_nm_r##H#.cdb

com procedure secofl.com, track_Il3.com

travel time ascii data, local tt_r###_x.dat (x=1t013)
track_x.inp

particle tracks, local track_r###_x.cdb (x=11013)
see note #2

Note #2. The TRACKER output .cdb files were too large to be stored. They can easily be
recreated by running the track_13.com procedure.

Note #3. For the no-mining case, RELATE was used to adopt an existing model grid
setup from the CCA. That setup was ‘fetched’ from the CMS by entering the following
commands:

$ libgri

$ cfe gri_*.cdb

The partial mining or full mining hydraulic conductivity distribution was then replaced
with the original Grasp-Inverse generated T field. Then, ALBEBRA was used to modify

that T-field to a hydraulic conductivity field consistent with the proper CCA Culebra
parameter thickness of 4.0m.
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Computer platform:

All codes other than the Spreadsheets and Plotting and Data Presentation Packages were
run on the WIPP Alpha Cluster, open VMS Ver. 6.1.

Spreadsheets and Plotting and Data Presentation Packages (other than BLOTCDB)were
run on a Gateway 2000
Operating System, Windows 95

Source Listing of Macros and Other Application Software Codes:

see attachments of macros from Microsoft Excel spreadsheets used for SMOR Appendix
Ns11.3. appropriate pages follow.

These two macros are stored in the Gateway 2000 computer at the desk of Michael
Wallace, Dept. 6849, SNL (as of 11-19-96) in C:/data/paramete, as virgin4.xls,
parmin3.xls, and fulmin3.xls, respectively.

The function of each of these modules was to read in 100 individual files that had been
temporarily imported over to this PC from the WIPP Alpha Cluster. Each file contained
travel times for the 13 particles tracked by TRACKER for each of the 100 flow fields for
the first PA replicate, for a no-mining case, and for the partial mining and full mining
cases, respectively. Elsewhere in these spreadsheets the travel times were converted from
units of seconds to units of years, and subsequent ranking and graphing operations were
performed.

Macro for No-Mining Case
" Macrol Macro
' Macro recorded 10/13/96 by Authorized Gateway Customer
Sub Macrol()
Counter=0
Do While Counter <9 'Loop.
Counter = Counter + 1 ' Increment Counter.

Workbooks.OpenText Filename:= _
"CADATA\PARAMETEWMINP_FAC\VIRTIMES\R00" & Counter & ".DAT", Origin:= _
xIWindows, StartRow:=1, DataType:=x1FixedWidth, FieldInfo:= _
Array(Array(0, 1), Array(12, 1), Array(24, 1), Array(36, 1), Ammay(48, 1), _
Array(60, 1), Array(72, 1), Array(84, 1), Array(96, 1), Array(108, 1), Array( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow.LargeScroll ToRight:=1

Range("A1:M1").Select

Selection.Copy

ActiveWorkbook.Close

Windows("virgind. XLS"). Activate

ActiveSheet.Paste

Range("A" & Counter + 1).Select
Loop

End Sub
‘ mactime2 Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer
Sub mactime2()
Counter = 98
Do While Counter <99 ‘Loop.
Counter = Counter + 1 ' Increment Counter.
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Workbooks.OpenText Filename:= _
"CADATA\PARAMETE\MINP_FAC\VIRTIMES\R0" & Counter & ".DAT", Origin:= _
xIWindows, StartRow:=1, DataType:=x1FixedWidth, FieldInfo:= _
Array(Array(0, 1), Array(12, 1), Array(24, 1), Array(36, 1), Array(48, 1), _
Array(60, 1), Array(72, 1), Array(84, 1), Array(96, 1), Array(108, 1), Array( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow LargeScroll ToRight:=1

Range("A1:M1").Select

Selection.Copy

ActiveWorkbook.Close

Windows("virgind. XLS").Activate

ActiveSheet Paste

Range("A" & Counter + 1).Select

Loop
End Sub

Macro for Partial-Mining Case

' mactime Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer
Sub mactime()
Counter =0
Do While Counter <9 ‘Loop.
Counter = Counter + 1 ' Increment Counter.

Workbooks.OpenText Filename:="C:\DATA\Paramete\R00" & Counter & ".DAT", Origin:= _
x1Windows, StartRow:=1, DataType:=xIFixedWidth, FieldInfo:= _
Array(Array(0, 1), Array(12, 1), Array(24, 1), Array(36, 1), Array(48, 1), _
Array(60, 1), Array(72, 1), Array(84, 1), Array(96, 1), Array(108, 1), Array( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow.LargeScroll ToRight:=1

Range("A1:M1").Select

Selection.Copy

ActiveWorkbook.Close

Windows("parmin. XLS").Activate

ActiveSheet.Paste

Range("A" & Counter + 1).Select
Loop

End Sub
" mactime2 Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer
Sub mactime2()
Counter=9
Do While Counter < 100 'Loop.
Counter = Counter + 1 ' Increment Counter.

Workbooks.OpenText Filename:="C:\DATA\Paramete\RQ" & Counter & ".DAT", Origin:= _
xIWindows, StartRow:=1, DataType:=xIFixedWidth, FieldInfo:= _
Array(Array(0, 1), Array(12, 1), Array(24, 1), Array(36, 1), Array(48, 1), _
Array(60, 1), Array(72, 1), Array(84, 1), Array(96, 1), Array(108, 1), Array( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow LargeScroll ToRight:=1

Range("A1:M1").Select

Selection.Copy

ActiveWorkbook.Close

Windows("parmin. XLS").Activate

ActiveSheet.Paste

Range("A" & Counter + 1).Select

Loop
End Sub

Macro for Full-Mining Case
' mactime Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer

Sub mactime() 4
Counter=0
Do While Counter <9 ‘Loop.
.Counter = Counter + 1 ' Increment Counter.
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Workbooks.OpenText Filename:="CADATA\Paramete\R00" & Counter & ".DAT", Origin:= _
xIWindows, StartRow:=1, DataType:=xIFixedWidth, FieldInfo:= _
Array(Array(0, 1), Array(12, 1), Array(24, 1), Array(36, 1), Array(48, 1), _
Array(60, 1), Array(72, 1), Array(84, 1), Array(96, 1), Array(108, 1), Array( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow.LargeScroll ToRight:=1

Range("A1:M1").Select

Selection.Copy

ActiveWorkbook.Close

Windows("fulmin. XLS"). Activate

ActiveSheet.Paste

Range("A" & Counter + 1).Select
Loop

End Sub
' mactime2 Macro
' Macro recorded 4/30/96 by Authorized Gateway Customer

Sub mactime2()

Counter =9
Do While Counter <98 ‘Loop.
Counter = Counter + 1 ' Increment Counter.

Workbooks.OpenText Filename:="C\DATA\Paramete\R0O" & Counter & ".DAT", Origin:= _
xIWindows, StartRow:=1, DataType:=x|FixedWidth, FieldInfo:= _
Array(Armay(0, 1), Array(12, 1), Array(24, 1), Array(36, 1), Array(48, 1), _
Armay(60, 1), Array(72, 1), Array(84, 1), Amay(96, 1), Amay(108, 1), Array( _
120, 1), Array(132, 1), Array(144, 1))

ActiveWindow.LargeScroll ToRight:=1

Range("A1:M1").Select

Selection.Copy

ActiveWorkbook.Close

Windows("fulmin.XLS").Activate

ActiveSheet.Paste

Range("A" & Counter + 1).Select
Loop

End Sub

Documentation of deviations from baseline data set, including rationale:

No deviations. This FEP analysis uses only data from the baseline data set.
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Appendix NS11.1

Reproduced from 40CFR 194
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1996 / Rules and Regulations

ENVIRONMENTAL PROTECTION
AGENCY

4D CFR Part 194
[FRL-5418-5]
RIN 2060-AE30

Criteria for the Certification and Re-
Certification of the Waste Isolation
Pilot Plant's Compliance With the 40
CFR Part 181 Disposal Regulations

AGENCY: Znvironmentia! Protection
Agency.

ACTION: _

T

SUMNARY: The Environmental Protection
Agency (EPA) is promulgating criteriz
jor determining if the Waste Isolation
Filot Plant (WIPP) will comply with
ZPA4's environmental radiation
protection siandards for the dispesal of
radipactive waste. If the Administrator
of EP4 determines that the WIPP wil]
comply with the standards for disposa!,
then the Administrator will issue 1o the
Secretary of Energy 2 certification of
compliance which will allow the
emplacement of wansuranic waste in the
WIPP to begin, provided that all other
siatutory reguirements have been met. If
z cerufication is issued, EPA will 2iso
use this fina! rule to determine if the
WIPP has remained in compliance with
ZP4's environmental radiation
protection standards. once every five
years after the initial receipt of waste for
disposal at the WIPP. This rulemaking
was mandated by the WIPP Land
Withdrawal Act of 1282.

SFFECTIVE DATE: These regulations are
efective April 8, 1298, The
incorporation of certain publications
Listed in the regulations is approved by
the Director of the Office of the Federal
Register 2s of April 8, 1996. A petition
for judicial review of this final action
must be filed no later than April 8, 1895
pursuant to section 18 of the WIPP Land
Withdrawal Act of 1952 (Pub. L. 102-
578). '

FOR FURTHER INFORMATION CONTACT:
Betsy Forinash, Mary Kruger or Martin
Offutt teiephone number (202)-233-
£310; address: Radiation Protection
Division, Mail Code 6602], U.S.
Environmental Protection Agency,
Washington, DC 20460. Copies of the
Background Information Document and
Zconomit Impact Analysis which
accompany todey's action may be
obizined at this address. The Agency
hes also published 2 document,
accompanying today's action, which
responds in detzil to significant public
comments that were received on the
propesed rule. This document, entitied

ule,

"Response to Comments” may be
obtained by contacting Betsy Forinash,

SUPPLEMENTARY INFORMATION:
Introduction

Purpose of Today's Action

Today's action implements the
Environmental Protection Agency's
(EPA) environmenial radiation
protection standards. 40 CFR part 191,
by applying them to the proposed
disposal of transuranic radioactive
waste in the Waste Isolation Pilot Plant
(WIPP). The EP2&, previously
promulgated 40 CFR part 181,
"Environmental Radiation Protection
Standards for Management and Disposal
of Spent Nuclear Fuel, High-Level and
Transuranic Radioactive Wastes," to
provide standards that will apply 10 all
sites (except Yucca Mountain) for the
deep geologic disposal of highly
radioactive waste. Complete
descriptions of 40 CFR part 181 were
published in the Federal Register in
1985 (50 ¥R 38056-38089, Sep. 18,
18B5) and 1883 (58 Fed. Reg. 66338-
66418, Dec. 20; 1283). The WIPP is
subject 10 40 CFR part 181, and is being
constructed by the Department of
Energy (DOE) near Carlsbad, New
Mexico, 2s 2 potential repository for the
saie disposzi of ransuranic radicactive
waste. The ZPA is reguired by the - WIPP
Land Withdrawal Act of 1882 (Pub. L.
102-579) 1o evaluare whether the WIPP
will comply with subparts B and C of
40 CFR Part 181—known as the :
"disposal regulations''—and to issue or
deny z certification of compiiance. The
Department of Energy is required to

" submit an application to EPA that will

be the basis of EPA's evaluation of
whether a certification of the WIPP's
compliance with the disposal
reguiations should be issued. The
Department of Energy may not begin to
emplace ransuranic waste underground
for disposal at the WIPP until such time
as a certification of compliance has been
issued and 2ll other reguirements of
section 7(b) of the WIPP Land
Withdrawal Act have been satisfied,
With today's rulemaking, the Agency
establishes criteria by whizh 1o judge
whether the WIPP is in compliancs with

the “disposal regulations” znd sets forth

procedural requirements for this
determination.

Today's action, 40 CFR part 194, also
2pplies to the periodic re-certification of
the WIPP's compliance with the
disposal regulations. The process of
periodic re-certification, established by
section B{f) of the WIPP Land
Withdrawal Act, calls for ZPA 10
determine whether the WIPP continues
1o be in compliance with the disposal

regulations, assuming that an initial
certification of compliance has been
issued. The Secretary of Energy must
submit to the Administrator of EPA
documentation of the WIPP's continued
compliance with the disposal
regulations, every five years after the
initial receipt of transuranic waste for
disposal at the WIPP, until the end of
the decommissioning phase. The
Agency will use the criteria set forth in
loday’s rulemaking in determining

- whether or not the WIPP will have

continued to be in compliance.

The WIPP was authorized in 1980,
under section 213 of the Department of
Energy National Security and Military
Applications of the Nuclear Energy
Authorization Act of 1880 (Pub. L. 95~
164, 83 Stat. 1259, 1265}, "'for the
eXpress purpose of providing 2 research
and development facility to demonstrate
the safe disposal of radicactive wastes
resulting from the defense activities and
programs of the United States.” The
waste proposed for disposal in the
WIPP, transuranic radioactive waste
(TRU weste), is waste consisting of
materials such as rags, eguipment, tools.
protective gear and sludges which have
become contaminated during atomic
energy defense activities. The WIPP
Land Withdrawal Act defines
ransuranic waste 1o be waste containing
more than 100 nano-curies per gram of
alphz-emitting radio-isotopes, with hali-
lives greater than twenty vears and
alomic number greater than S2, per gram
of waste. The Act further stipulates that
radioactive waste shall not be
Tansuranic waste if such waste also
meets the definition of high-level
radioactive waste, has bean specifically
exempted from the disposal regulations
with the concurrence of the
Administrator, or has been proved for
an alternate method of ciispz%\lg ' the
Nuclear Regulatory Commission. The -
radioactive component of wansuranic
waste consists of man-made elements
created during the process of nuclear
fission, chiefly isotopes of Dplutonium.
Statutory and Regulatory Basis

Today's action. 40 CFR part 194, wes
mandated by Congress in section 8(c) of
the WIPP Land Withdrawal Act. The
criteriza promulgated in this action
implement only those subparts of 40
CFR part 191 that apply to the disposal
of ransuranic radioactive waste, As
stated in the Code of Federal
Regulations, Appendix C of 40 CFR part
181 is guidance for the implementation
of the regulations contained in 40 CFR
part 181 that is not binding on the
implementing agency, which is EPA
with respect to the WIPP. Appendix C
wes designed to apply to all g=ologic

Information Only
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repositories for the disposal of highly
radioactive wastes, not necessarily to
the specific site characteristics of the
WIPP and not only to transuranic waste.
As a2 result, the Agency found in
developing today’s action that only
some of the guidance contained in
Appendix C had specific relevance to
the WIPP. Today's action has been
suided by only those aspects of
Appendix C that the Agency has
determined, based on technical and
policy considerations, to be applicable
10 the WIPP,

Todzy's action, 40 CFR part 194, does
noi amend 40 CFR part 181. With the
Znergy Policy Act of 1292, Congress
mangatec the development of
regulations to replace 40 CFR part 191
ior the Yucca Mountain site only, but
ihe entire standard, 40 CFR part 121,
remains applicable to the WIPP. See 108
Siat, 2821, section 801 (a)(1). Subpart &
of £0 CFR part 181 applies to the
management of spent nuclear fuel, high-
leve] and tansuranic radioactive weasies
at sites designated for the disposal of
these wasies. Section 8(2) of the WIPP
Land Withdrawal Act stipulates that the
Secretary of Energy shall comply with
respect to the WIPP with Subpart 2 of
40 CFR pam 181. The Agency has not
impiemented these requirements in
today’s action; 40 CFR part 194, but
intends 1o issue guidance for their
epplication to the WIPP at 2 future date.

Compliance With Other Environmental
Laws anc Reguiations

The WIPP is regulated under the
Resource Conservation and Recovery
Act (RCRA) and is subject to both the
Fart B licensing repuirements and the
iznd disposal restrictions of that statute.
The WIPP must comply with other
environmenta! laws, inciuding, among
other statutes, the Clean Air Act (40
U.S.C. 7401 et seg.), the Toxic
Substances Control Act (15 U.S.C. 2801
et seq.) ang the Comprehensive
Znvironmenial Response,
Compensation, and Liability Act of 1980
(£2 U.S.C. 8801 et s=n.). This action
does not afect the need for DOE to
comply with these and 21l other
2pplicabie environmental laws with
respect 1o the WIPP,

- Pubijic invoivement in Today's

Rujemaking
The Agency hes taken significant

steps to invoive the public in the
ruiemaking for today's action. The EP4
published an Advanced Notice of
Proposec Rulemaking (ANPR) in
=epruary, 1983 (58 ¥R B028) which

=+ icited public commen: on eight

" .sues cental to the development of this

final ruje. The EPA again solicited

public comment on 2 preliminary drafy
of the proposed rule. in January, 1894,
The Agency published a notice of
proposed rule on January 30, 1295,
which announced the stari of 2 public
comment period of 90 days (60 FR
5765). The Agency convened a technical
workshop in February, 1295, for the
express purpose of soliciting the views
of both scientific experts and the public

on issues germane to the rulemaking. In -

March, 1295, the Agency held public
hearings in three cities in New Mexico
1o solicit public input on the notice of
proposed rule. On Aupust 1, 1225, the
Agency re-opened the comment period
on the notice of proposed rule jor an
additional 45 days (60 FR 22131).
During the entire comment period on
the proposed rule, the Agency received
over 100 written public comments. The
Agency has responded to significant
comments received on the notice of
proposed rule from both wrinen
sudmissions and from testimony at the
public hearings, including late written
comments received soon afier the clese
of the second part of the comment
period, in 2 document published
concurrendly with today's action. in
September, 1223, EPA conducted 2
public meeting of the WIPP Review
Committee of the National Advisory
Council for Environmental Policy and
Technology (NACEPT) on three issues
relevant to today's action. During this
mesting, members of the public
provided formal presentations and oral’
comments to the commitree. See 80 FR
4347043471 (Aug. 21, 1285).
Summary of the Final Rule

The supporting rationzle for today's
acton, found in the following summany
and discussion of principal changss, is
jurther explzained in the Background
Information Document and the
Response to Comments which
accompany today's action, copies of
which may be obtained as described in
the siart of this notice, These sections of
the final rule which have remained
unchanged since the rule's proposal are
2iso further explained in the notice of
proposed ruie (80 TR 5768-5781).
Subpart A: General Provisions

Subpart 4 of the final rule establishes
provisions related to the sgucture of the
final rule itself, including: Purpose,
scope and applicability; Gefinitions;
substitution of 2lternative provisions for
those promulgated in today’s final rule;
and procedures which shall be followed
in communications and written reports
submitted by the Secretary of Znergy to
the Administretor. Further provisions
are set forth which incorporate by
reference severa]l publications.

Information
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Publicaiions 5o incorporated shall have

the same lepal force and effect 2s the

other requirements of the fina) rule.
Section 194.4 of subpart A permits the

Agency 1o specify conditions on the

issuance of 2 certification 2nd to issue

a modification, suspension or

revocation of 2 certification. The Agency

would, for example, specify conditions

in the event that the necessary

‘confidence in the WIPP's compliance

could be achieved by-the
implementation of additional measures,
or if EPA determines that the WIPP will
comply with the disposai regulations if
certain terms of the zpplication were to
be changed.

The Agency would consider issuing 2
modificauion, suspension or revocation
whenever the disposal activities or
disposal system change such that
significant information contained in the
most recent compliance application
were no longer 10 remain true. Such 2
situation may occur if (1) DOE plans 10
make e significant change to the
disposal system or disposal activities, or
12) DOE discovers that 2 significant
change has occurred in the disposal
system or disposal activities: in either
cese DOZ must inform the
Administator in writing. If DOE finds
the Jatter condition to be true, then DOZ
must deiermine if 2 release of waste
from the disposal system has occurred
or is expected 10 occur that would cause
the numerical requirements of the
disposal regulations to be excesded.
Releases which might occur dusing
management operations, coveraec under
subpart 4 of 40 CFR part 121, which do
not relete 1o compliance with the
disposal regulations would not
necessizate this investigation. However,
i DOZ conducts this investigation and
determines that such 2 release has
occurred or is likely to occur, then DOE
shall notify the Administrator of this
fact and immediately cease emplacing
waste in the WIPP, In such situations,
the Administrator will determine which
of three actions—modification,
suspension or revocation—will be
appropriate. Any modifications and
revocations issued by EPA would affect
the certification issued pursuant to
section 8(d)(1) of the WIPP Land
Withdrawal Act and must be conducted
by rulemaking under section 553 of the
Administrative Procedure Act. See 5
U.5.C. 533. A suspension may be issued
ai any time at the Administrator’s
discretion so s to promptly address any
potentiz] threat to public health. A
suspension shall remain in place until
such time as DOZ shall have effected
remediations 2s necessary o re-establish
the WIPP's compliance with the
disposal regulations or until EP4 will
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have modified or revoked the
centification. DOE shall not restart
emplacing waste in the WIPP unti] the
Administrator notifies DOE in writing
that the suspension has been lifted.

Subpart B: Compliance Certification
and Re-certification Applications

Subpart 3 of the final rule sets forth
reguirements for the format and content
of compliance zpplications. Section
194,11 of the final rule stipulates that
DOE must submit a complete
compliance application before the one-
vear, statutory review period shall
commence. See Pub. L. 102-578, section
B(d)(1). Shouid DOE's initial submission
be incomplete, the Administrator will
explain the nature of the deficiency and
will reguest DOE 10 submit further
information unul the Administrator has
notified the Secretary that all materials
necessary for 2 complete application
nave been received. This process will
ensure that the Agency’s one-year
period wiill be devoted exclusively to 2
substantive, meaningful review. This
orovision applies as well 1o the
compliance applications periodically
submitted by DOE for re-certification of
compliance. Once the Administrator has
notified the Secretary of Energy that 2
compiete compliance application for re-
certification has been received, the
Agency will commence the six month
review period as provided for in secrion
B(f) of the WIP? Land Withdrawal Act.

ection 194,12 requires that 30 copies of
the compliance applications and any
accompanying materials shall be
submitted to the Administrator. Section
184,13 reguires that compliance
2pplications be accompanied by any
reierenced materials, unless such
materials are generally available.

Section 184£.14 of the final rule lists
those elements which the Agency
requires to be in 2 complete compliance
2pplication. In general, compliance
zpplications must include information
relevant 1o demonstrating compliance
with eazh of the individual sections of
the final rule. The Agency intends to
publish the final version of the
Compliance Application Guidance
(CAG) at z later cate to provide detailed
guidance on the submission of 2
compieate compliance application.

Section 194.135 of the final rule
specifies that DOE must submit any
additional information that will have
been gathered during the elapsed five-
vear period ang that is relevant to
compliance with the disposal
regulations. To facilitate the Agency's
review of compliance applications for
re-certification. today's final rule
stipuiates that DOZ will not have to re-
submit information that will have been

included in previous compliance
applications, provided that the
information will have remzined true
and accurate. The current compliance
application should clearly reference
such information so that the Agency’s
review of the section in question can be
accomplished expeditiously.

Subpart C: Compliance Certificaiion
and Re-certification

Subpart C establishes the
requirements that 2pply 1o the
performance assessments and
compliance assessments thzt will be
used to demonstrate compliance with
the numerical requirements of the
disposal regulations. In 2ddition,
subpart C implements the six assurance
requirements of the dispeszl regulations
and also establishes seven general
reguirements in §§ 184.21 through
194.27 which must be met by all
portions of and all activites 2ssociaied
with compliance a2pplications.

Section 184.21, inspections. provides
ZPA with right of inspection of all
activities at the WIPP and all activities
Jocated off-site which provide
information included in compliance
applications. The Agency will conduct
periodic inspections, both announced
and unannounced. to verify the
adequacy of information included in the
compliance applications. The Agency
mey conduct its own laboratory tests, in
parallel with those conducted by DOE,
so 2s 1o confirm the adeguacy of the
techniques employed at those facilities.
The Agency may also inspect any
relevant records kept by DOE, including
those records reguired to be generated
pursuani to today’s action.

Section 184.22, guality assurance
(QA), sets reguirements that 2pply to
datz and information collected as part of
the WIPP program. The Agency reguires
guality assurance programs to be
implemented, 2s soon 2s practicabie
after April 8, 1885, that meet the
reguirements of the American Society of
Mechanica] Engineers (ASME) “Quality
Lssurance Program Reguirements for
Nuclear Facilities” (NQA-1-1989),
ASME's "Quality Assurance
Reguirements of Computer Software for
Nuclear Facility Applications” (part 2.7
of NQA-22-1280 addendum 1o ASME
NQA-2-1988), and ASME's “Quality
Assurance Requirements for the
Collection of Scientific and Technical
information on Site Characierization of
High-Level Nuclear Waste
Repositories,” (NQA~-3-1888 edition),
excluding sections 2.1(b), 2.1(c) and
17.1. Section 194.5 of the final rule
incorporates these three publications by
reference. The Agency belisves that
A£SME's standards offer the most

comprehensive and specific set of
requirements for nuclear facilities and
has therefore used these standards in
place of establishing new requirements.
Paragraph (2)(2) of §194.22 requires that
DOE must implement a quality
assurance program that meets the above
three sets of ASME's requirements for
seven specific program elements of the
WiP? and for any other system,
structure, component, or activity
imporiant to the containment of waste

- in the disposal system.

Data that were collected prior to the
implementation of the above programs
must 2iso satisfy guality 2ssurance
requirements. Any complizance
application must demonstrate, subject (o
the 2poroval of the Administrator or the
Administrator’'s authorized
represeniative, that such data were
gualified using one or more of the
jollowing four methodologies: (1) Use of
2 methodology that is substantially
eguivaient in effect to the three sets of
ASME's reguirements; (2) peer review
that is compatible with NUREG-1287;
(3) corroborating data; or (4)
confirmatory testing. The Agency
believes that each of these latter three
methods provides a means of inferring
the quality of the existing data by
subjecuing some aspect of that date to
additional scrutiny. Peer review
involves z critical evaluation by an
independent review group of the
adequacy with which the experiments
used o acquire this data were planned
and conducted. The use of corroborating
date evaluates the degree 10 which the
existing data agree with data generated
from similar work that has aiready been
published in scientific journais, along
with an appraisal of the latter's qualirty.
Confirmarory testing involves repeating
z smzll' portion of the experiments,
using guality assurance methods that
mesi the reguirements of ASME's
standards, and comparing the resulting
datz 10 the data in guestion. in the last
two aliernate methodologies, the level of
2greement between the existing da:z and
the corroborating or confirmarory data
provides an objective mezsure 1o assess
the guality of the existing daza, if only
in pari. Al guality assurance programs,
both for existing data and daiz that has
yet to be collected, must assess the
accuracy, precision, representativeness,
compleieness and comparability of data.
To verify that the quality assurance
programs satisfy the reguirements of
this section, the Administrator will
conduct inspections which may include
surveillance, audits and management
Sysiems reviews,

Section 194.23, models and computer
codes, seis reguirements for the models
and computer codes usad in
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performance assessments and
compliance 2ssessments. Compliance
zpplications must demonstrate that
performance assessments and
compliance assessments make a logical
progression from conceptual models 1o
mathematical models to numerical
models and finally to computer models
and codes. Compliance applications
must provide information on and
descriptions of models and computer
codes which will permit the Agency to
conduct 2 review of the modeling
approach, theoretical bases, and the
methodology employed in developing
the list of processes and events used 10
support the compliance application.
Compliance applications must include
evidence that all computer codes .
comply with the requirements of part
2.7 of ASME's NQA-22a-1280
addendum.

The Agency intends to conduct
detailed reviews of the computer codes
used in performance and compliance
2ssessments, since it is the results of
computer codes themselves that will be
compared to the numerical
reguirements found at section 13 of 40
CFR part 181. Compliance a2pplications
must provide: Descriptions of the
theoretical backgrounds for each model
and the method of analysis or
assessment; 2 line-by-line listing of

*, codes, which may be submitted in

eiectronic format; a discussion of the
eatment of correlation berween
parameters; and other information
necessary 10 permit the Agency to
conduct its review. Upon reguest, DOE
must provide the Agency with the
means 1o conduct its own simulations.
The final rule requires that any
computer files and hardware that will
be necessary for performing simulations
shal! be made available within 30 days
of & request from the Administrator or
the Administrator's authorized
rapresentative.

Section 194.24, waste -
characterization, has been revised in the
final rule. A discussion of the rationale
ior the changes is contained below in
ine section of the supplementiary
information, “Principal changes in the
final rule.” The final rule requires DOZE
10 identify and describe quantitative
injormation on those physical, chemical
2nd radiologic characteristics of the
wasie that can infiuence disposal
svstem performance. The Agency does
701 expect o reguire that every drum of
Tansuranic waste be opened in an effort
o provide an exhaustive

characterization of the contents. Rather,
**he Agency expects that DOE will
;- ample drums of waste to the extent
~aecessary anc will combine the results
with other information such 2s process

knowledge to determine the waste
characteristics. The level of accuracy
needed in waste characterization is
determined by the degree of accuracy”
assumed in the compliance application.
A waste characteristic, 2s deflined in the
final rule, is 2 physical or chemical
parameter that serves a2s 2 guantitative
input to performance a2ssessments or
compliance assessments, examples of
which are solubility and compactibility.
DOE must conduct an analysis to
identify and assess the impact on long-
term performance of those waste
characteristics which infivence the
coniainment of waste in the disposal
system. This section of the final rule
lists specific characteristics which must,
at 2 minimum, be included in the
analysis.

The final rule requires DOZ to
establish limits on the quantities of
difierent “waste components," such as
cellulosics, metals or activiry in curies,
that may be proposed for disposal and
emplaced in the WIPP. A waste
component is distinguished from 2
v-aste characteristic in that the former is
an amount of a type of waste present in
the total inventory— expressed as 2
volume. mass or weight (or curies, in
the case of activity)—whereas the latter
is any parameter that describes the
physical, chemical or radiologic
properties and behavior of some or all
of the containers of waste. For exampie,
2 container of waste might contain 2
given guantity of chelating agents,
which are 2 waste component. An
example of z corresponding waste
characteristic is the sojubility in brine of
the radionuclides in 2 container. The
final rule reguires that DOE eszablish
upper or lower limits, 2s 2ppropriate,
the tota] amount of each waste
component that may be empiaced for
dispesal in the WIPP. 4 Jower limit
might be specified for gas-gettering
waste components, and an upper limit
might be specified for cellulosics. The
final rule reguires that these upper and
lower limits be established based on the
total inventory proposed for disposal
such that the results of 2 periormance
2ssessment will comply with the
containment requirements of 40 CFR
121.13 when these values are used,

Performance assessments and
compliance assessments must use the
values for each waste characteristic as
each would exist in the disposal systemn
assuming that an amount of each waste
component, equal to that component's
upper or lower limit, 2s appropriate,
were emplaced in the WIPP. As waste
is emplaced in the WIPP, z running total
must be kept of each waste component.
The final rule reguires that the guantity
of each waste component that has been

on

empiaced in the repository shall not
cause the upper limits 1o be exceeded
or. 2s appropriate, shall not preclude the
lotal emplaced guantity of any waste
component from eventually reaching its
lower limit. Compliance with the lower
limits shall be demonstrated by DOE
using information on the v.aste Joading
scheme, the total amount of that waste
component that has been emplaced-in
the disposal svsiem to date, the total
amount of that waste component listed
in the total waste inventory described in
the current compliance 2pplication, and
the amount of that waste component
that sull has yet to be generated. DOZ
must establish 2 system of controls 1o
verify that this reguiremens wili be met
and shall submit documentation
demonstrating this with any compliance
application.
ection 184.24 2lso reguires that
performance assessments and
compliance assessments shall be
conducied in accordance with the waste
loading procedures and schemes that
will be employed. If a waste loading
scheme is not included in the
compliance a2pplication, the
performance a2ssessments and
compliance 2ssessments mus: assume
that the containers of waste are
randomiy emplaced in the WIPP, Thus,
for exampie, DOE shall not 2ssume tha:
the waste components and |
cheraclieristics are evenly distributed
throughout the repository uniless 2
proposed iocading scheme thar would
cause this 1o occur has been included in
the current compliance applizztion.
The final rule extends the
reguirements of § 194.22, on gualiny
2ssurance, 10 Process knowiedge
couired and used during waste
characterization activities. The final rule
specifies that the totz2l inventory of :
waste proposed for disposal in the WIPP
must compiy with the limitations on
ransuranic waste found in the WIPP
Land Withdrawal Act. The final rule
enables the Administrator 1o use audits
and inspections to verify compliance
with the waste characterization section.
Section 184.25 of the final rule
specifies reguirements on furure state
assumptions. The Agency recognizes the
innerently conjectural nature of
pecifications on future states and
wishes 10 minimize such speculation in
compliance applications. The Agency
has found no acceptable methodology
that could make reliable predictions of
the future siate of society, science,
languages or other characteristics of
future manking. The Agency does
believe tha: established scientific
methods could make plausible
predictions regarding the future state of
three classes of natural processes,
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namely geologic, hydrogeologic and
ciimatic conditions. Hence, the final
rule requires that performance
assessments and compliance
assessments shall include dynamic
anzlyses of geologic, hydrogeologic and
climatic processes and events that will
evolve over the 10.000-year regulatory
time frame. DOE shall assume that all
other present day conditions will exist
in their present state for the entire
10.000-year regulatory time frame.

Section 194.26 sets requirements that
2pply to expert judgment. Typically,
expert judgment is used to elicit two
tvpes of information: (1) Numerical
values for parameters (variables) which
are measurable only by experiments that
cannot be conducted due to limitations
ol tme, money and physical situation;
and (2) essentially unknowable
information, such as which features
should be incorporated into passive
insdtutional controls that will deter
numan intrusion into the repository.
Quality assurance must be applied to
experi judgment to verifv that the
procedures for conducting and
dozumenting the expert elicitation have
been followed. The final rule prohibits
expert judgment from being used in
place of experimental data unless DOE
can provide z justification explaining
why the necessary experiments could
not be conducted. Expert judgment may
substitute for experimental data in those
instances where limitations of time,
resources or physical setting would
have precluded the successful and
timely collection of data.

The compliance application must
provide documentation which
demonstrates that the experts have the
necessary qualifications for addressing
the guestions and issues put before
them. Compliance applications must
explain the connection between the
question posed to the expert panel and
the manner in which the final report of
the pane! is used in the compliance
- 2pplication. These reguirements have
been included to prevent any misuse of
expert judgment as might result from
the use of the results of one elicitation
Drocess in answer to 2 new and separate
guestion that was not posed to the
experts and for which, if asked, the
experts might have provided 2 different
answer,

The final rule places reguirements on
the composition of the expert panel,
including the fraction of panel members
who are not employed by DOE. At ieast
two-thirds of the experts sitting on an
expert panel shall not be employed
directly by DOE or its contractors.
University professors with grants from
DOE for research not related to the
WIPP will not be considered employees

SU(F-A 1-2.07.3:

or contractors of DOE. nor will the New
Mexico Environmental Evaluation
Group and the National Academy of
Sciences’ Board on Radioactive Waste’
Management and WIPP Panel. In
exceptional instances, DOE may use as
few as one-third non-DOE employees if
2 sufficient number of non-DOE
employees cannot be found. DOE must
submit documentation which
demonstrates that a sufTicient number of
non-DOE experts were not available. In
the proposed rule, the Agency had set
this minimum at one-half of the expert
panel's membership. However, bezause
of the pervasive effort of DOZ in the
fields of highly radioactive waste
disposal and actinide chemistry, the
Agency has lessened this requirement in
the final rule in striving to balance the
importance of technical expertise with
the nesd for the advice to be impartial.

The section on expert judgment
requires that the public be given the
Opportunity to present information to
the expert panel to allow the public's
views to be incorporated in the expert
judgment process. This reguirement will
help prevent an inappropriately narrow
spectrum of background information
from being presented to the experts
which might have slanted the outcome
of the elicitation process. This section
also requires that the elicitation process
be well documented so 2s 10
demonstrate 2 logical progréssion from
the first staternent of the issue given to
the panel members to the combination.
and presentation in the final report of
the elicited results.

Section 194.27, peer review, has been
revised in the final rule.The rationale
for these changes is discussed in the
section of the SUPPLEMENTARY
INFORMATION, “Principal changes in the
final rule.” Given that decisions in the
field of highly radioactive waste
disposal are inherently first-of-z-kind,
the Agency is requiring peer review so
that others working in the fieid can
confirm the adequacy of these decisions
and interpretations. The final rule
reguires DOE to conduct peer review of
three specific elements of the WIPP
program. In specific, the Agency has
required peer review of the conceprual
models that DOE selects and deveiops,
weaste characterization assessments and
the study of engineered barriers. The
reguirement for peer review of
conceptual models will enrich DOE's
process of selecting and developing
conceptual models with & broad
spectrum of scientific viewpoints, Waste
characterization is a field in which
many new and precedeni-setting
techniques will be employed in areas in
which no standardized practice exists.
Peer review of waste characterization is

indicated due 10 the importance of a
knowledge of the physical, chemical
and radiological state of the waste in
predictions of the long term
performance of the disposal system.
This section, § 194.27, requires peer
review 10 be conducted of the study of
engineered barriers so 2s to ensure that
the best possible information is
provided to DOE on the selection of
engineered barriers. Additionally, this
seclion requires compliance
applications to include documentation
of any peer review activities that DOZ
may have conducted apart from those
reguired by this rule, including those
activities which are similar to pee
review, such as the reviews conducted
by the WIPP Panel of the National
Academy of Sciences.

The Agency is requiring that peer
review which occurs subseguent 1o the
promulgation of today’s action must be
congductec according to the guidelines
of NURE(G-1287. The final rule
incorporates this publication by
reference, 2s specified in § 194.5. The
speciiic reguirements in NUREG-1297
that discuss for which activities peer
review should be conducted do not
2pply, nor do they supersede the
reguirements of the final rule. Peer
review which has been conducted prior
10 today’s action must be documented in
compliance applications. Such past peer
review activities must coniorm to either
NUREG-1287 or to an alternate set of
criterion which are substantially
eguivalent in effect to NUREG-1297 and
which have been approved by the
Administrator.

Sections 184.3] through 154.34 of the
final rule implement the numerical
containment reguirements of 40 CFR
121.13. Section 194.31, which provides
instructions for setting the reiease limits
of appendi: A of 40 CFR part 181, has
been revised from the proposed rule.
The rationaie jor this change is
explained in the section, “'Principal
changes in the final rule." Sestion
184.31 now specifies that the rejease
limits are to be determined based on the
total activity, in curies, of transuranic
waste present at the time of disposal (25
defined in 40 CFR 181.2). If the activity
of 2 waste conzainer is assayed prior to
this time, then the known rates of decay
for the radionuclides in the container
should be used to calculate the activity
of the waste as it will exist at the
anticipated time of disposal.

Section 194.32 stipulates that
performance assessments shall include
both natural and man-made prozesses
and events which can have an effect on
the disposal system. Performance
assessments need not include those
processes and events which have 2
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probability of less than 1 in 10,000 of
occurring during the 10,000-year
regulatory time frame. For the purposes
of this screening requirement. processes
and events must be analyzed in the most
general formulation possible: for
example, the probability of dissojution
must be set equal 1o the probability of
all types of dissolution occurring
anywhere in the Delaware Basin during
the regulatory time frame. Performance
assessments should, however, conduct
separate analyses of the different
dissolution fronts which occur in the
Delaware Basin 50 2s 10 account for the
different hydrogeologic characteristics
of each,

With respect to man-made processes
2nd events, performance assessments
must include the effects of drilling
£Vents and excavation mining. Some
natural resources in the vicinity of the
WIPP can be extracted by mining. These
natural resources lie within the geologic
formations found at shaliower depths
than the tunnels and shafts of the
repository and do not lie vertically
zbove the repository. Were mining of
ihese resources 1o occur, this could alter
the hydrologic properties of overlying
i'::'mat_ions—-incluciing the most
Tansmissive layer in the disposal
svstem, the Culebrz dolomite—so 2s to
either increase or decrezse grounc-water
zavel times 10 the accessibie
environment. For the purposes of
modeling these hydrologic Droperties,
this change can be well represented by
making corresponding changes in the
values for the hydraulic conductivity.
The Agency has conducted 2 review of
ine Gatz and scientific literature
discussing the effects mining can induce
in: the hydrologic properties of 2
formation. Based on its review of
available information, the Agency
expects that mining can, in some
insiances, increase the hydraulic
conductivity of overlying formations by
2s much as a factor of 1,000, although
smalier or even negligible changes can
2so be expected to oceur. Thus, the
Tnal ruie reguires DOE 1o consider the
effezts of mining in performance
2ssessments. In order to consider the
effects of mining in performance
assessments, DOZ may use the location-
specific values of hydraulic
conductivity, established for the
dilerent spatial locations within the
Cuiebra dolomite, and treat them as
sampled parameters with each having 2
range of values varying betwesen
unchanged and increased 1,000-fold

_reiative to the value tha: would esist in
. e absence of mining.
: The Agency recognizes that other
numerical changes to the hydrauiic
conductivity values may be more
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appropriate for use in representing the
effects of mining. Compliance
2pplications must include 2 discussion
of the rationale and experimental data
which support the hydraulic
conductivity values chosen 2nd the
effects of mining on the range of these
values. The Agency further recognizes
that some parameter other than
hydraulic conductivity might be
demonstraied to incorporate, egually or
perhaps better, the potential effects of
mining in performance 2ssessments.
DOE may elect to use another
barameter, provided that DOE can
demonstrate that the use of this other
parameter is equally or more
appropriate than hydraulic conductiviry
in reflecting the potential effects of
mining on the disposal system. Pursuant
to § 194.34 of the final rule, performance
assessments must randomly sample
across the full range of values that have
been estabiished for all uncertain
variables, including the hydraulic
conductivity of the Culebrz dolomite
estzablished as discussed above.

The final rule specifies those
assumplions and methods tha: shail be
used in periormance assessments to
account for the effects of mining. As
with drilling, the historical record of the
pasi 100 years' mining activity in the
Delaware Basin provides 2 reasonable
basis for predicting the nature of future
mining activity. Accordingly, the
Agency examined the records of past
mining of mineral resources in the
Delaware Basin, using datz supplied by
the U.S. Bureau of Land Management.
The Agency jound that the areal extent
of mining in the immedijate vicinity of
WIPP over the past 100 years covered
rougnly one percent of the land arez 67
the entire Delaware Basin and used this
informaticn 1o predict the likelihood
that 2 mining even: would occur in
succeeding centuries. Accordingly, the
final rule requires performance
assessments 1o assume that, in each
century after ciosure of the repository,
there will be z 1 in 100 chance that 2
single mining event will occur within
the controlled arez. As explained later
ini this section, the assumed mining
event would remove all of the existing
mineral deposits lying within the
controlled arez that are of similar
guality and tvpe to those minerals
currently extracted in the Delaware
Basin. For each century during the
regulatory time frame, performance
essessments should determine whether
this mining event will occur, based on
the 1 in 100 probability, proceeding one
century at a time from the start of the
10,000-year period. If 2 positive
determination is made, then

S0

performance assessments musl assume
that the single mining event occurs at
the start of that Century and further
assume that no mining will oceur
thereafter, The Deparument may elect 10
use an allernate method for calculating
the point in time 2t which mining will
occur, provided that such method
would not, on average, predict that

- mining will occur at times Jater than

those calculated using the method in the
final rule.

The Ninal rule specifies that mining
should be 2ssumed to occur within the
controlled arez, with the size ang shape
of the mine conforming 1o existing
mineral deposits that are similar in tvpe
and quality to those extracted in the
Delaware S2sin. The Agency based this
Téquirement on a consideration of the
physical nature of mining activities.
First, the Agency assumed that the size
and shape of 2 mine will be dictated by
the size and shape of the miner
deposits that are 10 be extacted with no
"Wo mines being alike. The minera]
deposits that will be mined in the future
maY consist of minerais of current
economic interest, or of materiais not
useful or vaiuable in preseni-Gay terms.
Without knowledge of what these future
TEsources might be, any anempt 1o
predict the size ang shape of the
2ssociated mineral deposits would be
speculative, 2s would any attempt to
determine the size and shape of the
mines used to extract them. The Agency
further recognized that indivigual mines
are of highly irregular shape and there
is every reason to believe tha: deposits
of minerals that are mined in the future
will also vary in size and be highly
irregular in shape. The £.gency believes
that no logical mathematical scheme
exists that could be used to predict the
potentially wide variery of sizes and
highly irregular shapes. In light of the
speculativeness and mathematical
difficulry, the Agency has chosen to uss
existing mineral deposits 2s “stand-ins"'
10 be used to determine the size and
shape of the unknown mineral deposits
that might be mined in the furure, Thus,
the final rule requires periormance
2ssessments 1o assume thas all the
presently known minera] resources
lying within the controlled arez wil] be
extracted at the single point in time
determined by the method in the final
rule, discussed above. No further
mining will be assumed 1o ozzur, since
the available mineral deposits will have
been depleted. The Tvpe of minerals that
shall be assumed to be extracted are
those mineral deposits that are similar
in guality and tvpe 1o those thas zre
cuwrrently extracted in the Deiaware
Basin,
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Performance assessments may assume
ihat the likelinood of mining may be
decrezsed by PICs and active
institutional controls, to the extent that
cen be justified in the compliance
epplication and 1o 2 degree identical 1o
that assumed for drilling. The
reguirements of sections 41 and 43 of
ihe final rule therefore will 2pply to the
consideration of mining in performance
2s5essments.

Section 184,33, consideration of
crilling events, has been revised since
the proposed rule. The rationale for the
New provisions is explained in the
section beiow, entitled “"Prinzipie
changes in the final rule.” Section i64.2
intiudes two definitions reievan: to the
consideration of drilling events. "Deep
drilling” denotes those drilling events
trat reach or exceed 2 depth 2150 feet
peiow the surface where such drilling
ozcurred. “Shallow drilling” denotes
these drilling events that do no: reach’
1o 2 depth 2150 feer beiow the surface
where such drilling ozzurred. Sections
184.32 and 194.33 of the final rule
reguire that periormance assessmenss
inciude the effects of both deep drilling
ant shallow drilling, whether such
d-iliing has occurred prior to the time
&. which the compliance appiization is
presared, can be reasonably expected to
occur in the near future basad on
£:uisuing leases, or can be expected 1o
ozcur in the future during the 10,000-
year reguiatory time frame.

The future rates of both deep drilling
and shallow drilling shall each be sat
eqgual to the rate 2t which deep drilling
2nc shaliow drilling, respectively, have
octurred in the Delaware Basin Guring
the 100-yvear periog immediately prior
to the time the current compliance
application is prepared. The Delaware
Sesin is defined, in § 194.2, to be the
suriace and subsurface features which
lie inside the innermost edge of the
Capitan Reef and, where the Capitan
Reef is absent to the south, the features
which lie to the north of 2 straight line
connecting the southeastern point of the
Davis Mountains and the southwestern
Doint of the Glass Mountzins.

Ferformance assessments must 2dd
together ali relezses of radionuciides
v:nizh are predicted 10 ozcur during the
10.000-year regulatory time frame to
a:Tive at the cumnulative relezses from
the disposal systems; the containment
reguirements of 40 CFR 191.13 apply to
cumulative reiezses of waste and not the
individual events which cause the
reieases. Further, boreholes drilled after
clesure of the repository shall be
assumed tc affect the properties of the
disposal system for the remainder of the
i1C,000-vear repulatory time frame.
When analyzing the effects of all Jater

boreholes, performance assessments
must account {or the effect that these
existing boreholes will have had on the
hydrogeologic properties of the disposal
system 2nd on the creation of new
pathways for releases. In today's final
rule, the Agency requires that
performance 2ssessments and
compliance assessments must include—
among other processes and events—the
effects on the disposal system of drilling
and all types of resource extraction
activities, including inter z2Jia solution
mining and fluid injection, that will
have occurred prior to the time at which
the compliance application is prepared
or that may be expecied to occur soon
afterward based on existing plans and
ieases for drilling.

In the case of shallow drilling only,
DOE may, if justified, derive the drilling
rate from the historical rates of shallow
drilling for only those resources in the
Delaware Basin which are of similar
guality and type to those found in the
controlleg area. For example, if oniy
non-potable water can be found within
the conrolled arez, then the rate of
drilling for water may be set equal 10 the
historical rate of drilling for non-poiable
water in the Delaware Basin over the
past 100 vears,

Section 194.33 requires performance
essessments to make several specific
assumptions about future deep drilling
and shallow drilling. These 2ssumptions
inciude that drilling will occur
rendomly in space and time and may
occur at different rates for each
resource, and that drilling practices will
remain as those of today and may vary
depending on the resource. Performance
assessments should assume that the
permeability of sealed boreholes will be
aiTected by natural processes, and
should assume thai the fraction of
boreholes that will be sealed by man
eguals the fraction of boreholes which
are currently sealed in the Delaware
Besin.

The Agency recognizes that drill
operators currendy employ different
technigues in the exploration and
development of each resource. Hence,
performance assessments shall conduct
& separate analysis of the effects that
future drilling for each different
resource—~the act creating 2 borehole—
will have on the disposal system. Each
separate analysis should set the future
rate of drilling for the particular
resource egual 1o the historical rate at
which that resource has been drilled for
in the Delaware Basin during the past
100 years. The analyses of the
conseguences of each type of drilling
might remain conceptually similar, but
vary with regard to assumptions made
on size and Gepth of boreholes, guantiry

of drilling fluid used. or any other
characteristic specific to that type of
resource. Analyses of the consequences
of future drilling events mey be
conflined only to the drilling activity
and the subsequent effect of the
borehole's presence and need not
include an analysis of extraction and
recovery activities which would oceur
subsequendy. ’

In determining the drilling rate or the

.2mount of waste released from such

drilling, performance 2ssessments
should not 2ssume that dril operaiors
woulg detect the waste and then cease
L1e current drilling operations or
otherwise mitigate the conseguences of
their actions. Similarly, drill operators
should not Be assumed to cease further
exploration and development of
resources as 2 result of the driller's
detecting the waste.

Section 194.34 requires that the
results of periormance 2ssessments be
expressed as complementary,
cumulative distributions functions
(CCDFs). The CCDF's shall be generated
using random sampling techniques
which draw upon the full range of
values established for each uncertain
barameter, which may include physical
and chemical waste characteristics.
Parameiers of Jesser sensitivity in
performance 2ssessments may be heid
consiant, provided that such constant
values can be justified as suificienty
conservative. The guantitative
requirements of this section state that
there must be 2 0.95 probabiliry that, at
values of cumulative releass of 1 and 10,
the maximum CCDF generated exceeds
the 28th percentile of the population of
CCDFs. The values of cumulative
release are calculated according to Note
8 of Table 1, Appendis: A of 40 CFR pari
121. Additionally, the mean of the
population of CCDFs must meet the
reguirements of section 13 of 40 CFR
part 181 with at least 2 83 percent Jevel
of statistical confidence. In
demonstrating compliance with these
standards, the infinite number of CCDFs
denoted by the tarm, population of
CCDFs, need not be generated. By
generating only z finite number of
CCDFs and applying statistizal theory,
the relationships between the finite
group of computer-generated CCDFs, the
population of CCDFs and the numerical
requirements of this section can be
established.

Subpart C of today's action also
implements the six assurance
requirements of section 14 of 40 CER
part 181. The assurance reguirements
were included in the disposal
regulations to provide the confidence
needed for long-term compliance with
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the containment requirements of section
12 of 40 CFR part 121,

Section 194.4] of todzy's final rule
requires a description of the active
institutional controls that will be
implemented at the WIPP. This
description shall be sufficient to support
any assumptions made on their
effectiveness in performance
2ssessments and compliance
assessments. However, in no case shall
aclive institutional controls be assumed
1o be in effect for more than 100 years
zfier the time of disposal,

Section 184.42 of the final rule,
monitoring, has been revised from the
proposed rule. The rationale for these
changes is provided below, in

Principal changes in the final rule.”
Any unpredicted detection of movemnent
oi radionuclides toward the accessible
environment would be cause for
toncern that 2 release of waste in excess
of what is permitted under the disposal
regulations is likely to occur. This
section specifies reguirements for
monitoring in both the pre-closure and
dosi-clesure periods, 2s necessary 10
verify that the WIPP complies with the
disposal regulations. In the event that an
injdal certification has been granted, the
results of monitoring during the pre-

tlosure period will be used by the
Agency to verify thai the information
. conteined in the initial compliance

- zpplication has remained true and
zccurzie; this information would be
used by the Agency during both the
initial five-year period after the start of
emplacement of waste and during the
reviews made for the periodic re-
certifizations of compliance. The final
ruie hes included 2 provision which
requires DOZ to conduct an analysis of
oerameters that will be used in the
geveiopment of pre-closure and posi-
closure monitoring plans. The analysis
shoulid consider the imporiance of the
parameter with respect 1o both the
con:zinment of waste in the disposal
sysiem and the practicability of
performing such monitoring, including
izs technical feasibility and ‘the cost.

Seciion 194.43 implements the
assurance requirements on passive
institutional conwols (PICs). The final
nuje specifies that DOE must include 2
Getziied description of the PICs that will
bz employved and lists the information
thai the PICs are reguired, at 2
minimum, to convey. Additionally, the
final ruje aliows the Department to
reduce the likelinood of future human
inrusion that is used in performance
2ssessments by & proposed amount
. :»~prresponding to the predicied effect of
"5 ..Cs.See generally 47 FR 58106, 56201

“siJes. 29, 1982); 50 FR 38055, 38080
{Sept 19 1985). Thus, DOE may

propose in ils compliance applicztion to
reduce the rate of human inuusion by

2 fractional amount. extending over a _
technically supportable period of time,
and musl jusiify this using the plans for
the implemen:ation for PI1Cs and
2ssociated evidence of their
effectiveness. This credit may take the
form of 2 consiant reduction in the rate
of human intrusion lasting several
hundred years or may be 2 reduction in
the rate which tapers off in size over
several hundred years. Such credit
cannot be 2ssumed to eliminate
completely the possibility of human
intrusion, even for a short period of time
afier the active institutiona] controls 2t
the WIPP are a2ssumed 10 be ineffective.
During the rulemaking on certification,
the Agency could determine that the
description of the P1Cs does not
adequately justify the degree of
proposed credit assumed by DOE and
therefore disallow some or 211 of the
credit proposed by DOE in the
compliance zpplication.

Having considered the public
comments regarding PICs, the Agency
believes that such credit could be no
more than 2pproximately 700 vears past
the ume of disposal. Thus, the final rule
limits to several hundred years the
amount of credit that EPA. may grant for
PICs. Any determination that 2 specific
numerical credit would be appropriate
for 2 much longer period of time wouid
be unduly speculative and therefore
inzppropriate.

Togday's action shouid not be
construed 1o 2pprove or award any
amount of credit for PICs, 2s such 2
determination cannot be made in
advance of the rulemaking on
ceriification of compliance The !—.gem.x
is deferring any ciocisiors on credit for
PICs pianned jor the WIPP until such
time 2s the compliance application has
been received and 2 m]emai.mn for
certification has been comolﬂte:‘. This
restates the Agency’s prior assertion,
made in the promulgation of the final
disposal regulations in 19E5:

Speczific judgments about the chances ang
conseguences of insusion shouid be made by
the implementing 2gencies (EPA for the
WIPP) when more information about
partizular disposal sites and passive control
svsiems is avaiiable. See 50 FR 38080.

In developing this section of the final
rule, 40 CFR 194.43, the Agency
considered the treatment of PICs in the
disposal regulations, the input received
in public forums and the public
comments received on the proposed
rule. The dispesal regulations
established the foundation of today's
action on the role of passive
irsdtu..io s2) controls. Section 181.14(c)

the disposal regulations reguire that

disposal sites be designzied by the most
permanent markers, records. and other
passive insyiutiona! controls practicable
10 indicate the dangers of the wastes and
their Jocation. In adop‘mg these
provisions of the disposa) repulations,
the Agency expressly 2ssumed that
passive institutional controls “'should
reduce the chance of inadvertent

_intrusion compared 1o the like! ihood- if

no markers and records were in place
See 50 FR 28080. With respect 10
performance assessments, the Agency
examined whether PICs should be taken
into accoun:i to some degree when
estimating the likelihood of inadverient
human intrusion and conciuded that "'z
limited role for passive institutional
conirols wouid be appropriate when
projecting the ]onn-w'm performance of
mined veo]no:\. repositories 1o judge
compljan:e with (the con:ainmeni
requirements of 40 CZR part 181)."

the same 1ime, the Agency ea.oh":.-.l'\'
determnined that PICs should not be
assumed to completely preveni ihe
possibility of inadvertent buman_
intrusion. See 50 7R 38080.

In the propesesd rule, 40 CZR part 104,
the Agency specifizally reguested
commen: on the reguirements on PICs,
The Agency conducied 2 pubiic
discussion of PICs in 2 technical
workshop in Washingion, DC, in
February, 1225. In September, 1983,
ZPA consulted the WIPP Review
Cnrmmnef_- of the National Advisory
Council for Environmental Policy and
Technology (NACEPT) on three issues,
including T’ICS in z public meeting in
New Me,uco See 80 FR 434 r{}~4.:é 71
(Aug. 21, 1285). The Comminee agreed
that PICs woulé be likely 10 decreass the
likelihood of inadvertent intmusion into
the WIPP but expressed concern about
the availability of a rigorous msthod by

‘hich to determine the appropriate
reduction due to PICs in the future
likelihood of inadvertent intusion.
Some members of the Committes stated
that, if credit were to be 2pproved, the
size of the credit should not refiect that
PICs would be effective for more than 2
small fraction of the 10,000 year
regulatory time frame.

T\'ia.n\’ public comments received on
the propos-d rule expressed skepticism
2bout whether PiCs would be effective
for the endre 10,000 vear reguiatory
time frame or for even 2 fraction thereof.
Other comments stated the belief that
civilizations living 1,000 to 10.000 years
from now would, in fact, be capable of
undersianding the records enc markers
that were lefi behind at the WIPP. Still
other comments asseried that., in
a].‘lowing for the possibility of credit, the

figency had revised the intent of the
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assurance requirements, one of which
being the requirement for the
implementation of PICs. Specifically,
comments siated that the assurance
requirements were not intended to be
considered when determining
compliance with the numerical
containment requirements found at 40
CER 18).13,

The provisions of the {inal rule
enteriaining possible credit for PICs are
within EPA’s authority. in adopting the
assurance requirements in 40 CFR pant
181, EPA expressly limited the credit for
active instituzional controls. EPA
orohibited performance 2ssessments
irom considering any contributions from

ctive institutional controls for more
than 100 vears after dispesal. See 40
CFR 181.14(a). EPA declined 10
similarly limit the effect of PICs in
reducing the likelihood of human
intrusion. 50 ¥R 38080. By contrast,
ZPA contemplated that PICs may
ciscourage ihe likelihood of human
inwrusion for some period of time longer
than active institutional controls.
However, EPA indicated that it
generally believed it was inappropriate
ic reiy on PICs for extended periods of
tme. See 50 ¥R 38080. Based on the
oublic comments and consistent with
ZPA's generzl view that it is
inappropriate to reiy on PICs for very
iong periods of time, EPA is
constraining in the final ruie the length
of time that E2A could consider
granting credit for PICs to several
hundred veazrs. EPA’s decision about the
actual efficacy of PICs propesed for the
WIPP will be pased on DOE's
compliance application but may not
exceed this lirnit.

Further. the degree to which PICs
might reduce the future drilling rate can
e reliably determined only through
informed judgment. The Agency agrees
with the NACEPT Committee that no
rigorous and non-speculative method is
available to determine the appropriate
amount of credit for PiCs. Thus, DOZ’s
proposed reduction in the likelinood of
numan inTusion due to PICs would
probably be conducted through an
expert judgment process that considers
the specifiz PICs to be implemented at
the WIPP by DOZ. The expert judgment
performed specificaliy to determine the
effact of PICs must satisfy the
requirements of section 26 of today's
zction, on expert judgment. For
example, this section requires that the
range of professions represented on the
expert panei must cover the complete
spectrum of knowledge that will be
necessary to address the question given
io0 the experts. In the case of PICs, the
Agency would expect that experts
would be selected not only from

professions such 2s archeology, but from
professions which are concerned with
the exploration and development of
natural resources such 2s oil and natutal

gas.

Section 194.44 of the final rule
implements the assurance requirement
on engineered barriers. This section
requires that DOE conduct 2 study of
available options for engineered barriers
at the WIPP and submit this study and
evidence of its use with the compliance
application, Consistent with the
reguirement, found at 40 CFR 121.13,
that DOZ analyze the performance of the
complete disposzl sysiem, any
enginesred barriers that are uliimately
implemented at the WIPP must be
considered by the Department and,
ultimately. ZPA when evaluating
compliance with both the containment
requirements of 40 CFR 121.13 and the
assurance requirement of 40 CFR
181.14(d).

Section 184.45 implements the
assurance requirement that the disposal
svstem be sited such that the benefits of
the natural barriers of the disposal
svsiem compensate for the increased
probability of disruptions of the
disposal system resulting from
exploration and development of nearby
natural resources. This assurance
requirement will be met if periormance
assessments comply with the numerical
containment reguirements of section 13
of £0 CFR part 181, provided that the
potential effects of human intrusion at
the WIPP will have been appropriately
considered.

Section 194.46 implements the
assurance reguirement that the removal
of waste remain possible for a
reasonable period of time after disposal.
The final rule has eliminated the
reguirement for the development of a
plan for the removal of waste which had
been contained in the proposed rule. In
place of the requirement for a removal
plan, £PA is including in the final rule
z reguirement that DOE perform an
evaluation to demonstrate that the
removal of waste will remain feasible
ior z reasonable period of time after
disposal.

ections 194.51 through 194.25
provide the criteria that musi be met in
order to demonstrate that the WIPP will
comply with the ground-water
requirements of subpart C of 40 CFR
part 121 and the individuzl protection
reguirements of section 15 of 40 CFR
part 181, Section 194.5] and 194.52
specify the assumptions that must be
incorporated into compliance
assessments in the analyvses of annual
committed effective dose eguivalent
received by individuals, used in
determining compliance with the

individual protection requirements.’
Compliance assessments should
scparately anzlyvze the doses receives by
individuals from each pathway. ’
Compliance assessments should assume
inat the protected individual resides at
the single geographic point where the
maximum dose would be received,
czlculated by the sum of 2]l pathways.
Section 194.53 lists the assumptions
that compliance assessments mus:
include when analyzing the doses
received through underground sources
of drinking water (USDWs), used in
determining compliance with subpan: C
of 40 CFR part 121. Doses can be
received from any USDW outside of the
controlled area, provided that z
connective pathway could be expected
10 be established via ground-water travel
berween the dispesal system and that
USDW. The Agency expscts that
USDWs which lie closer to the disposal
system will have z greater chance of
being affected by releases of wzste, The
Agency therefore does not intend jor
DOE 10 expend resources analiyzing
doses received from USDWs lozated
jarge distances from the disposal
svstem. The celculations of doses
received from USDWs shouid assume
that drinking wrater is withdrawn
directly from the contaminated USDW
and consumed at z rate of TWO liters per
gay. '
Section 194.54 defines the scope of
compliance zssessments. Compliance
assessments should be conducted of the
undisturbed performance of the disposal
system, which, by the definition in
section 12 of 40 CFR part 1€1, denotes
that the dispesal! system is no: disrupted
by human intrusion or the ozzurrence of
uniikely naturzl events, Section 194.33
reguijrss that compliance assessments
include calculations or “estimates” of
three quantities: (1) The annuzal
committed efective dose received from
2ll pathways, an analysis whizh
correspongs to the reguirements of
section 15 of 40 CFR part 121; (2) dose
eguivalents received from USDWis; and
{3) concentrations of radionuzlides
present in USDWs, the lanter two of
which correspond to subpar: C of 40
CFR part 121. To generate 2 “range” of
estimates, compliance assessments musi
make repeated czlculations, with each
iteration employing 2 differan: set of
randomly selected values for each
uncertain parameter. Parameters of
lesser sensitivity in compliance
2ssessments may be held consiant,
providecd that these vaiues can be
Jjustified 2s being sufficientiy
conservative. The final rule reguires that
there be 2 0.85 probability thai the
maximum estimate of each set s0

generated exceeds the 99th percentile of
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ihe population of estimates. The mean
2nd the median of the population of
eath set of estimates must meet the
requirements of section 15 and subpart
C of 4D CFR part 181, as applicable,
with at least 2 25 percent level of
siatistica) confidence.
Subpart D: Public Participation

Subpart D of today’s action
establishes procedures that EPA wil] use
10 involve the public in the decisions on
certification and re-certification and
reguires EPA to publish notices of its
aciions in the Federal Register. Subpart
D includes new provisions which
reguire the Agency to involve the public
in Gecisions to modify or revoke a
certification. Section 194.85 requires
that ZPA publish a notice in the Federal
Register announcing the Agency's
proposed decision on the modification
or revocation of the certification. The
notice of proposed rulemaking must
solicit comment on the proposed
decision, Section 194.66 requires the
Administrator to publish 2 notice of
final rulemaking in the Federal
Register, announcing whether the
Agency has revoked, modified or taken
no action to change the certification.
Section 194,67 reguires that EPA
maintzir z public docket with 2ll
information used in making the
decisions on certification, re- 77 7
certification, and modification and
revocation of the certification.
Frincipal Changes in the Final Rule

In addition to the principal changes
described below, today’s action contzains
other minor modifications 1o the
oroposed rule. Further discussion of the
reuonale and information supporting
significant changes found in togay’s
2ction is contained in the Background
information Document and the
Response 10 Comments, which may
obzzined as explained in the start of this
notice.

Scope of Performance Assessments and
Consideration of Drilling Events
In 8§5194.32 and 184,23 of the final
ruie, the Agency has provided further
cizrification on which activities fall
within the scope of human intrusion.
{Seztion 184.33 had been titled
“Consideration of buman initiated
prozesses and events' in the proposed
7uie.) The final rule requires that the
effects of deep drilling, shallow drilling
enZ excavation mining must be
inciuded in performance 2ssessments.
_in the proposed rule, the Agency had
-..- . zluded excavation mining from
i nsideration (60 FR 5774, January 30,
1025). The Agency received several
public comments recommending that

performance assessments should be
required to include the effects of future
mining during the regulatory time frame
in order to account for the presence of
potash in the vicinirty of the repository.
The Agency has re-evaluated the
proposed exclusion of mining. in light
of these public comments. The Apency
believes that, while there is uncertainty
surrounding the potential effects of
mining, mining could nonetheless alter
the hvdrogeologic properties of certain
formations that lie at shallower depths
than the minzd portion of the
repository. Thus, the final rule reguires
performance assessments 10 consider
the possible efiects of excavation mining
on the disposal system. As discussed
previously, DOE may address this
reguirement by considering the changes
that mining would induce in the
nvdraulic conductiviry of the disposal
system, Additionally, the reguirements
of the final rule specify the method jor
determining the size and shape, location
and point in time ai which mining
occurs. The Agency specified these
iterns to provide clarification on how
mining shoulc be considered and to
2void unbounded speculation that
would result from the high uncerainty
regarding whether, where and how
mining wouid ozcur in the Land
Withdrawal area. EPA's decision was
based on z desire to include mining in
performance assessment in 2 realistic
fashion without recourse to suzh
unconsirained speculation. To this end,
the final rule has specified that mining
will continue at the same rate 2s it has
over the past 100 years, that the aree 10
be mined is the zrez that conzzins
mineral deposits of sirnilar Qvpe and
guality to those that are currently
extracted in the Delaware Basin, and
that only the major impacts on the
disposal svstem of mining need be
considered. EPA believes this is
consisten: with the furure states
assumptions of section 25 as they apply
to the future activities of man.

The Agency has added definitions of
deep drilling and shallow drilling in
§164.Z. Both types of drilling shall
inciude exploratory and developmental
wells. The addition of these definitions
was prompted by commenters who
noted that the definitions of human
intrusion and “human acuviry" that
were in the propesed rule had caused
confusion by distinguishing their
meanings on the basis of the depth at
which drilling oceurs. In the final rule,
the Agency has removed these
definitions from the final rule and
instead makes use of the defined 1emms,
deep drilling anc shallow drilling in
order to provide greater clasin.
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Commenters 2lso requested that the
final rule require analysis of disposal of
brine that accumulates during the
extraction of oil and of secondary
recovery of oil performed using water-
flood injection. The Agency considered
this comment in the larger context of the
nature of potential human intrusions
Guring the next 10,000 years and what
assumptions might hold true during thet
time. The Agency believes that no one
resource will last for the entire 10,000
vears and theref{ore has concluded that
the technigues for extraciion of any one
resource—such as water-fiood injection
jor oil recovery—are unlikely 1o be in
use during much of the 10,000-year
regulatory time frame. With respect to
drilling rates, the Agency reasoned that
while the resources drilled for togay
may not be the sames 2s those drilied jor
in the future, the present rates at which
these boreholes are drilled can
nonetheless provide an estimate of the
future rate at which borenoles will be
drilled. The Agency does expect that
drilling will never complete]y cease;
while some resources may bezcome
depleted over time and, while the rate
of exiraction of those resources mayv
decrease, the increased raie of drilling
for newiy discovered resources will
compensate for this dezline, in effect,
when used for the purpose of
Getermining the future drilling rate,
today’s drilling activities act 2s
surrogates for the unknown resources
that will be drilled for in the future.
With respect to the conseguence and
relezses due to future drilling, prasent-
Gay drilling activities provide the only
available basis for making 2ssumptions
in performance assessments. Future
extraction of any resource will likely
necessitate drilling 2 hole for its
recovery, However, bezause there is
doubt 2s to whether the resources
essociated with today's specialized
extraction technigues and fluid
injection will remain available for
10,000 years, the final rule doss not
reguire that performance assessments
assume that such extraction activities
will occur during the entire regulatory
Lime frame, but does require that the
effects of the drilling events themselves
be analyzed. The technigues include, for
example, water-fiood injeztion jor
secondary recovery of oil. solution
mining and the disposal by injection of
brine accumulated during recovery of
oil.

The Agency recognizes, however, that
resource extraction and fiuid injestion
activities which are currently performed
in the Delaware Basin can alter the
hydrogeologic properties of the initial

sgie of thg disposal svsiem. The {inal
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ruie reguires that performance
assessments and compliance
assessments analyze the effects of 2]l
ivpes of fluid-injection and all boreholes
which can have an effect on the disposal
svsiem and which have been or will
have been drilled prior to or soon after
gisposal. These boreholes shall be
assumed to affect the properties of the
disposal system for the entire 10,000-
vear regulatory time frame. Predictions
ebout such future activities shall be

wicdy limited to the expected use of
existing leases.

Today's final rule eliminates the
proposed cap on the rate of deep
drilling into the disposal system of 62.5
boreholes per sguare kilometer per
:0.000 vears as well 2s the proposed
iower limit of 25 boreholes per square
kilometer per 10,000 years. The Agency
received numerous public comments
obiecting to the use of upper and lower
limits on the rate of deep drilling. The
Agency has concluded thar the rate of
drilling into the disposal system used in
periormance assessments covering the
10.000-year regulatory time irame
should be derived solely irom the
historical record of drilling in the region
surrounding the WIPP. in the proposed
rule, the Agency had specified that the
past 50 vears of records on drilling shell
be used 1o establish the rates for shallow
drilling and deep drilling, the iauer
being subject to upper and lower caps.
Whiie devejoping the final rule, the
Agency recognized that drilling activity
has been at 2 maximum Guring the past
50 vears, wherezs during the past 100
vezars, z broader spectrum of high and
low drilling rates can be found. In the
long-term future, it can be expectad that
the drilling rate will consist of periods
of high and low drilling activity, which
makes the past 100 years 2 more
eppropriate period for calculating the
drilling rate. In addition, more detailed
examination of the available records in
Texzs and New Mexico since the time
of the proposed rule has shown that
accuraie Gatz on drilling activity dates
back 100 years, rather than 50 years as
weas believed initally. The final rule
therefore specifies that the rates of both
sneliow drilling and deep drilling arz 1o
De set based on data from the 100 year
period ending at the time DOZ prepares
the compliance application.

Todazy's final rule includes 2
definition of the term ""Delaware Basin,’
used in the regulation to be that area
over which the past drilling rate is to be
a2veraged in order to establish the rate of
drilling used in performance
essessments. In the proposed rule, the
Agency had solicited comment on how
i0 define the Delaware Basin. Many
comments were received, with the bulk

Inform
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of the discussion focusing on whether
the Capitan Reef should be included in
the definition. In arriving at the
definition in the final rule, the Agency -
considered the geologic and
hydrogeologic characteristics of the
formations which contain the WIPP
versus those of the Capitan Reef. The
Capitan Reef is more permeable 1o the
flow of water and was formed from
organic material which differs {from the
szlt formations which immediately
surround the WIPP. The Agency had
stated its intention to define the
Delaware Besin 10 be the largest
contiguous arez that has similar peologic
properties. Because of the differences,
noted above, between the Czpitan Reef
and the interior formations. the Agency
has chosen to define the Delaware Basin
to be those surface and subsurface
formations which lie inside the innes-
most edge of the Capitan Reef. Where
the Capitan Reef is absent to the south,
the Delavvare Basin includes those
jeatures which lie to the norih of 2
straight line connecting the southeaster
point of the Davis Mountains and the
southwestern point of the Glass
Mounztains.

Waste Characrerization

Numerous public comments were

‘received on the proposed § 184,24,

waste characterization. Commenters
stated thai this section reguirec greater
clarity in order to be implemented
effectively at the WIPP. The final rule
retains the use of “waste ;
characteristics' 1o provide z description
of the waste. The term, waste categories,
has been eliminated in the final ruie.
The final rule vses the term, “waste
components,” 1o denote an amount of a
type of waste—expressed as & voiume,
mass or weight (or curies, in the case of
activigy)—such s chelating agents and
cellulosics. The waste categories in the
proposed ruie were to be established
based on the 2ssumption that wastes
with similar waste characteristics would
bzhave similarly in the disposal system.
The Agency believes that using instead
the term "'wasie components’’ provides
z less abstraci scheme for classifying
waste which could be more easiiy
implemented. In particular, the Agency
believes that, for z given container of
waste, DOE could more readily identify
how much of each waste component is
present rather than how much of each
waste caiegory is present. The final ruje
reguires thai these limits be established
such that the results of performance
essessments and compliance
2ssessments will comply with the
numerical reguirements of 40 CFR Part
181 when the maximum or minimum

S

values for each wasie tomponent are
used. 2s appropriate.

To assist in establishing the waste
characteristics and waste components
and guantitative values of each, the finz
rule requires that compliance
applications include an analysis to
identify and assess the impact on long-
term performance of those wasie
characieristics which influence the
contzinment of waste in the disposal
system. An analysis must 2lso be

- conducted of waste components 1o

determine which of these will influence
the waste characteristics identified as
having an influence on contzinment.
This section of the final rule specifies
these waste characteristics and veaste
components which, at 2 minimum. the
respecuve analyses must investigate.
Peer Review

Section 184.28, peer review, has been
narrowed in scope in the final ruie. The
Agency received many public comments
sialing that the requirements on peer
review were stated too broadiy such that
an inordinats and unmanageable
number of peer reviews would be
required. Additionally, commenters
noteg that many of the activities that the
proposed rule had reguired to be peer
Tevieweq were subject 1o specific
guality assurance reguirements under
§184.22. Public comments noted that,
in this instance, the proposad peer
review reguirements wouid be
redundant with the qualiny assurance
requirements. Such activities would
include the computer codes and the
datz used to support all modeis—
conceptual, mathematical and
numerical—and computer codes.

The Agency consulted the WIPP
Review Committee of NACEPT at the
September, 1925 meeting and sought its
advice on how to address peer review.
The Committee suggested that peer
review of quality assurance programs
would be unnecessary, since, by
requiring DOE to adhere 10 2 program
that meets the reguirements of three sets
of ASME's standards, today's action
would aiready be sufficient 1o control
the guality assurance process. The
Agency agrees with both the Commitiee
anc with similar public comment and
has eliminated the requirement for peer
review of quality assurance programs
and plans. The Committes also stated
that peer review could be used both to
insure that analyses use the correct
model of repository behavior and 1o
evaluate the subjective unceriainty in
whether the appropriate conceptual
model was selected. In the case of WIPP,
unanimous agreement does Not exist on
the nature of the conceptual models of
natural processes such as dissolution

gtign Only
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which can have an effect on the disposal
system. To subject these issues to wider
scrutiny, the final rule specifies that
Deer review must be conducted of the
conceptual models selected and
developed by DOE.

Application of Release Limits

Section 194.31 of the final rule
specifies that the release limits of
Appendix A of 40 CFR part 181 shall be
determined based on the total activiry,
in curies, of transuranic waste present at
the time of disposal. Public comment
veas divided between those who
recommended setting release limits ag
100 vears, as in the proposed rule, and
ihose who recommended the time of
disposal. The Agency solicited the
views of the WIPP Review Committes of
NACEPT on the subject of relezse limits
in the meeting held in September, 1005
Some committee members noted that
radionuclides such 2s plutonium 23§
would quickly decay to less than half
their original number in under 100 years
and thus would not pose 2 threat for
more than 2 small fraction of the 10,000-
Vear repuiziory time frame. Hence, some
members of the committae
recommended the option of setting the
reiease limits at later times so that the
reigzse limits would be basad on longer-
lived radionuclides. Doing so would

-,/ more accurately reflect the long-term
+ hazards presented by the waste,

Some committee members 2lso
recommended that the Agency should
base its decision on the original intent
of the disposal regulations. The Agency
belisves that the disposal regulations
were designed to avoid the undue
infiuence of short-lived radionuclides
on the size of the release limits. The
disposal regulations accomplished this
purpose in Appendix A by eliminating
ihe contribution of radionuclides having
hali-lives of less than twenty vears. The
Agency has therefore chosen in the final
mule to determine release limits based on
e ozl activity, in curies, of
ensuranic waste present at the time pf
disposal,

Monitoring

The monitoring requirements have
been modified to provide ciearer
direction for the development of 2 post-
closure monitoring plan. Several
commenters sugpested that, by reguiring
tha: post-closure monitoring be
conducted in 2 manner “compatible”
v:ith RCRA, DOE might be forced to
impiement two over-lapping monitoring
2rograms in order to comply with both

CRA hazardous weaste regulations and
:0 CZR part 184. Other commenters
noted that, in the event that RCRA
monitoring at the WIPP were to be

modified or eliminated, the reguirement
in 40 CFR Part 194 25 propesed would
be correspondingly reduced. To provide
clearer direction on the performance of
post-closure monitoring, the Agency has
made two changes in the final rule.

First, to eliminate potential overlap, the

Agency is reguiring that post-closure
monitoring be required to be
“‘complementary” with RCRA. so that
information vielded by the one
monitoring program would not be
duplicated by the other. The Agency is
requiring in the final rule that post-
closure monitoring be conducted. to the
extent practicable when considering
technical feasibility and cost, of those
parameters which are important 1o the
containment of waste in the disposal
system. Such parameters shzl] be
identified in 2 required analysis that
will assess which parameters are
important to the containment of waste
and which therefore should be included
in post-closure (and pre-closure)
monitoring.

Rulemaking Analyses
Executive Order 12866

Under Executive Order 12855, {38 FR
51,735 October 4, 1983), the Apgency
must determine whether the regulatory
action is “significant” and therefore
subjeci to OMB review and-the
requirements of the Executive Order.
The Order defines “significant
regulatory action” as one that is likely~
10 result in a ruie that may:

(1) Have an 2nnual effect on the
economy of $100 million or more or
adversely affect in 2 material way the
economy, 2 secior of the economy,
productivity, competition, jobs, the
environment, public health or safety, or
State, local, or tibal governments or
communities;

(2) Create 2 serious inconsistency or
otherwise interfere with an action taken
or pianned by another agency;

(3) Materialiy alter the budgerary
impact of entitiements, grants, user fees,
or loan programs or the rights and
obligations of recipients thereof: or

(4) Raise nove] I=2gal or policy issues
arising out of legal mandates, the
President's priorities, or the principles
set forth in the Executive Order,

Pursuant to the terms of Executive
Order 12888, it has been determined
that this rule is 2 “'significant regulatory
action” because it raises novel policy
issues which arise from legal mandates.
As such, this action was submined to
OMBE for review. Changes made in
response to OME suggestions or
recommendzations will be documented
in the public record,

Bl

Regulaton: Flexibiiity Act

Pursuant 1o section 605(b) of the
Regulatory Flexibility Act, 5 U.S.C.
605(b). the Administrator certifjes that
this rule will not have 2 significant
€conomic impact on 2 subsiantial
number of small entities. Today's final
rule sets forth requirements which

. apply only to Federz] agencies and the

Administrator therefore certifies that no
small entities wil] be affected.

Paperwori: Recuction Act

The EP2 has determined that this
Propoeses rule contzins no information
collection Teguirements as defineg by
the Paperwork Reduction Act (42 US.C.
3501 =i seq).

Unfunded Mangzies Reform Act

Tide Il of the Unfunded Mandates
Reform Act of 1995 (UMRA), Pup, L.
104-4, esiablishes reguirements for
Federal agencies 10 assess the effects of
their reguiatory actions on State, local
and wibal governments ang the private

ctor. Today's rule contains no Federal
mandaies (under the regujatory
provisions of Title II of the UMRA) for
S:ate. jozal or tribal governments or the
privare sector. The rule impiements
reguirements specifically set forth by
the Congress in the Waste isolation Pilot
Plant Lang Withdrawal 4cr (Pub. L.
102-579),

List of Subjects in 40 CFR Part 184

Administrative practice ang

rocedure, Environmen:al protection,
Incorporation by reference Nuclear -
materials, Radionuclides, Piutonium,
Radiation protection, Uranium,
Transuranics, Waste treatmens and
cisposal.

Datec: February 1, 1095,
Caroi M.. Browner,
Adminiscator.

For the reasons set out in the
preamble, £0 CFR part 194 is added as
set forth below.

PART 154—CRITERIA FOR THE
CERTIFICATION AND RE-
CERTIFICATION OF THE WASTE
ISOLATION PILOT PLANT'S
COMPLIANCE WITH THE 40 CFR PART
121 DISPOSAL REGULATIONS

Subpart A—Genera) Provisions

Sec.

1841 Purpose, scope, ang applizability.
1842 Definitions.

-2 Communizations.

4

L
oo

1945 Publications incorporaied by
efer

- Information Only

SUWCF-Aa (.Q.07. 3 PA QA TSK NSl




"o UT, vU. =0 7 fiiday, reoivey 9. 1996 / Rules and Regulations

184.6  Ahernative provisions.
1847 Effective date.

Subpart B—Compliance Certification and
Re-cerlification Applications

124.11 Completeness and accuracy of
compliance applications.

184,12 Submission of compliance
zpplications.

184,13 Submission of relerence materials.

184,14 Content of compliance certification
application.

194.15 Content of compliance re-
centification application(s).

Subpart C—Compliance Certification and
Rre-certification General Reguirements

General Regdirements
184.21
194.22
104,23
184.24
184.25
154.28
18427

Containment Reguirements

184,31 Application of release limits.

184,32 Scope of performance assessments.

18433 Consideration of drilling events in
periormance assessments.

18434

inspections.

Qualiry 2ssurance.

Mode!s and computer codes.
Waste characterization.
Future stale assumpuons.
Exper: judgment.

Peer review.,

Assurance Reguirements

194,41 Active institutional controls.

154,42 Monitoring.

184.43 Passive institutiona! controls.

184.4¢ ZEngineered barriers.

194,45 Consideration of the presence of
resources.

18446 Removal of waste.

Individual and Ground-water Protection

Requirements

18451 Consideration of protected
individual,

184,52 Consideration of exposure
pathways.

18453 Consideration of underground
sources of drinking water.

18454 Scope of compliance 2ssessments,

19455 Results of compliance 2ssessments.

Subpart D—Public Participation

18451 Advance notice of proposed
rulemaking for certification. .

184,52 Notice of proposed rulemaking ior
certification.

134.83 Final ruje for certification.

154.64 Doczumen:ation of continued
compliance.

184,85 Notice of proposed rulemaking for
meodification or revozation.

194,66 Final rule for modification or
revocation.

184,67 Docke:s.

Authority: The Waste Isolation Pilot Plant
Zanc Withdrawal Act of 1252, Fub.L. 102~
578, 108 Stav 4777: Atomic Energy Act of
1854 25 amended, 42 U.S.C. 2011-2295;
Reorganization Plan No. 3 of 1870, 5 U.S.C.
2op.1: Nuclear Waste Policy Act of 1982, 25
a2mended, 42 U.S.C. 10101-10270.

SUCF-A

Results of performance assessments.

Subpart A—General Provisions

§184.1 Purpose, scope and applicability.

This part specifies criteria for the °
certification or any re-certification, or
subsequent actions relating to the terms
or conditions of certification of the
Deparument of Energy’'s Waste Isolation
Pilot Plant’s compliance with the
disposal regulations found at part 181 of
this chapter and pursuant to section
8(d)(1) and section B(f), respectively, of
the WIPP LWA. The compliance
certification application submitied
pursuant to section 8(d)(1) of the WIPP
LWA and any compliance re-
certification application submitted
pursuant to section B(f) of the WIPP
LWA shall comply with the
requirements of this part.

§184.2 Definitions.

Unless otherwise indicaied in this
part, all terms have the same meaning
2s in part 181 of this chapter.

Certification means any action taken
by the Administrator pursuant 1o
section 8(d)(1) of the WIPP LWA.

Compliance zpplication{s) means the
compliance certification application
submitied to the Adminisirator pursuant
to section B(d)(1) of the WIPP LWA or
any compiliance re-certification
applications submitted to the
Administrator pursuant to section 8(f) of
the WIPP LW4, -

Compliance assessment(s) means the
analysis conducted to determine :
compliance with § 181.13, and part 181,
subparz C of this chapter.

Delaware Basin means those surface
and subsurface features which lie inside
the boundary formed te the north, east
and west of the disposal system by the
innermeoes: edge of the Capitan Reef, and
formed, to the south, by a straight line
drawn irom the southeastern point of
the Davis Mouniains to the most
southwestern point of the Glass
Mountains,

Deep driliing means these drilling
events in the Delaware Besin that reach
or exceed z depth of 2,150 feet below
the suriace relative to where such
drilling occurred.

Department means the United States
Department of Energy.

isposal repuiations means part 181,
subparts E and C of this chapter.

Management systems review means
the gualitative assessment of & data
collection operation or organization(s)
1o establish whether the prevailing
guality management structure, policies,
practices, and procedures are adeguate
10 ensure that the tvpe and quality of
Gata needed are obtainad.

hModification means action(s) taken by
the Administrator that alters the terms

or conditions of certification pursuant 1o
section 8(d)(1) of the WIPP L\WA.
Modification of any certification shall
comply with this part and part 18] of
this chapter.

Population of CCDFs means all
possible complementary, cumulative
distribution functions (CCDFs) that can
be generzated from all disposal system
parameter values used in performance
2ssessments. ;

Population of estimates means all

- possible estimates of radiation doses

and radionuclide concentrations that
can be generated from all disposal
system parameter values used in
compliance assessments.

Quality assurance means those
planned and systematic actions
necessary to provide adequaie
confidence that the disposal system will
comply with the disposal regulations set
forth in part 181 of this chapter. Quality
assurance includes guality control,
which comprises those actions related
to the physical characteristics of 2
material, structure, component, or
svstem that provide a2 means to control
the quality of the material, structure,
component, or system 1o predetermined
reguirements.

Re-certification means any action
taken by the Administrator pursuant to
section B(f) of the WIPP L W4,

Regulatory time frame means the time
period beginning at disposal and ending
10.000 years after disposal.

Revocation means any action taken by
the Administrator to terminate the
certification pursuant 1o section 8(d)(1)
of the WIPP LWA,

. Secretary means the Secreiany of
Znergy.

Shallow drilling means those drilling
events in the Delaware Basin that do not
reach a depth of 2,150 feet beiow the
surface relative to where such drilling
occurred.

Suspension means any action taken
by the Administrator to withdraw, for a
limited period of time, the certification
pursuant to section 8(d)(1) of the WIPP
LWA,

Waste means the radioactive waste,
radioactive material and coincidental
material subject to the requirements of
part 181 of this chapter.

Waste characteristic means a proper
of the waste that has an impact on the
conizinment of waste in the disposal
system,

Waste component means an
ingredient of the total inventory of the
waste that influences 2 waste
characteristic.

WIPP means the Waste Isolation Piiot
Plant, 2s authorized pursuanz 1o section
213 of the Department of Energy
National Security and Military
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~pplications of Nuclear Energy
Authorization Act of 1980 (Pub.L. 96-
:94: 93 Stat. 1259, 1285).

WIPP L1¥A means the Waste Isolation
Pilot Plant Land Withdrawal Act of
1882 (Pub.L. 102-579, 106 Stat. 4777).

£184.2 Communications.
(

a) Compliance application(s) shal] be:

{1) Addresseg 1o the Administrator:
and ’
i2) Signed by the Secreiary.

(b) Communications and reports
concerning the criteria in this part shal)
be:

{1) Addressed 1o the Administrator or
t1e Administrator's authorized
represeniative; and

{2) Signed by the Secretary or the
Secretary’'s authorized represeniative,

§154.4 Conditions of compliance
certification.

(2) Any certification of compliance
issued pursuant 1o section 8{d)(1) of the
WIPP LWA may include such
conditions as the Administrator finds
fecessary 1o support such certification,

{0} Whether stated therein or nor, the
foliowing conditions shall apply in any
such certification:

(1) The certification shall be subjeci 10
modification, suspension or revocation

_ by the Administrator. Any suspension

o the certification shall be done 2t the
discretion of the Administrator., Any
modification or revocation of the
ceriification shall be done by rule
pursuant to 5 U.S.C. 353. If the
Administrator revokes the certification,
the Department shall retrieve, 2s spon as
praciicable and to the extent practicable,
&) waste emplaced in the dispoesal
svsiem,

(2} Any time after the Administrator
issues 2 ceriification, the Administrator
or the Administator's authorized
representative may submit a written
reguest 10 the Department for
information to enable the Adminisoator
1o determine whether the certifization
shoulc be modified, suspended or
revoked. Unless otherwise specified by
the Acminisator or the Adminissator's
authorized representative, the
Department shall submit such
iniormation to the Adminisrator or the
Administrator's authorized
representative within 30 calendar days
of receipt of the reguest.

(3} Any time after the Administrator
issues 2 certification, the Department
shzll report any planned or unplanned
cthanges in activities or conditions

-..Danzining 1o the disposal system that

“e7 significantly from the most recent
mpliance application.

(il The Department shall inform the
Administrator, in writing, prior to

making such 2 planned change in
activity or disposal system condition.

(ii) In the event of an unplanned
change in activity or condition. the
Department shall immediaiely cease
emplacement of waste in the disposal
system if the Department determines
that one or more of the following
conditions is true:

(A) The containment reguirements
established pursuant 1o §121.i3 of this
chapter have been or are expected o be
exceeded:

() Releases from a2lready-empiaced
vaste lead to committed effectjve doses
hai are or are expected 1o be in excess
of those established pursuant 1o §181.15

of this chapter. For purposes of this
paragraph (b)(3)(ii) (B). emissions from
operations covered pursuant to part 181,
subpart A of this chapter zre not
included; or

(C) Relezses have caused or are
expected 1o cause concentrations of
radionuclides or estimated deses Gue 1o
radionuclides in undergrounc sources
of drinking water in the accessibie
environment 1o exceed the limits
established pursuant to part 181,
subpart C of this chapter.

(ili) If the Department determines thar
& condition described in paragraph
(b){3)(ii) of this section has occurred or

"isexpected to occur, the Deparmment

shall notify the Adminisrator, in
writing, within 24 hours of the
determination. Such notification shali,
lo the extent practicable, include the
following information:

(A) Identification of the location angd
environmential mediz of the release or
the expected reiease:;

(2) Identification of the wpe and
guantity of wasie (in aztiviny in curies
of each radionuclide) relezsed or
expecied 1o be reiezsed:

(C) Time and date of the reiease or the
estimated time of the expecied relezse:

(D) Assessment of the hazarg posad
DY the release or the expected rejease:
and

(£) Additional information reguesied
Dy the Administrator or the
Administrator’s authorized
represeniative.

(iv) The Department may resume
emplacement of waste in the disposal
SVstem upon written notification that
he suspension has been lifted by the
Administrator,

(v) If the Department discovers z
condition or activity that difTers
significantly from what is indicated in
Ine most recent compliance application,
but does not invoive conditions or
actvities listed in paragraph (b)(3)(ii) of
this section, then the difference shall be
reporied, in writing, to the

Information
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Administrator within 10 czlendar days
of its discovery,

(Vi) Following receipt of notification,
the Administrator wi]) notify the
Secretary in Wriling whether any
condition or activity reported pursuant
10 paragraph (b)(3) this section:

(4) Does not comply with the (erms
of the certification: and. if i does not -

-comply,

(Z) Whether the compliance
certification musi be modifieg.
suspengded or revoked. The
Administrator or the Administrator's
authorized represeniative ™2y requesi
2dditional information before
determining whether modification,
suspension or revocation of the
compliance certification js reguirag.

%) Not later than six months afier the
Administrator issues z certification. ang
at least annually thereafter, the
Degsartment shal] report to the
Administrator, in wrilng, any chaness
in conditions or activities penainin§ o
the disposal system thar were not
Teguired 1o be reporieg by paragraph
(B} (3] of this se=tion and that differ from
information contained in the most
Tecen: compliance apolication,

[

54,

“wn

5 Pubiizations incorporates by
eierence.

3] The following publications are
incorporated into this Dart by reference:

(1) U.S. Nuclear Regulatory
Commission, NUREG-1287 “Peer
Review for High-Leve] Nu ciear Waste
Repositories," pubiished February 1988:
incorporation by reference (I5R)
aporeved for 8§ 194,22, 194 23 and
194 27,

(2} American Society of Mechanical
Zngineers (ASME) Nuclear Quality
Aesurance (NQ4) Standard, NQ4-1-
198 edition, “Quality Lssurance
Trogram Requirements for Nuclear
Facilities:” IBR approved for § 1684 22,

{3} ASME NQ4-2z-109p addende,
part 2.7, to ASME NQA-2-198¢ edition
"Quality Assurance Reguirements for
Nuclear Facility Applications:” ISR
a2poroved for § 184,22 angd §104.23

{4) ASME NQA-3-1889 edition,
"Quality Assurance Program
Reguirements jor the Collection of
Scientific and Technical Information for
Site Characterization of High-Leavel
Nuclear Waste Repositories” (excluding
section 2.1 (b) and (c)): IBR approved for
§10<4.22,

(6) The publications listeg in
paragraph (a) of this section were

2pproved for incorporation by reference
by the Director of the Federal Register
in accordance with 5 U.S.C. 352(a) and
1 CFR part 51. Copies may be inspected
or obizined from the 4jr Docket, Docker

OI_SET' room Mi500 (LZ13;),

-
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U.5. Environmeniz] Protection Agency,
<31 M Street, SW, Washington, DC
20450, or copies may be inspected at the
Office of the Federal Register, BOO N.
Capito] Street NW, 7th floor. Suite 700.
Washington, DC, or copies may be
obtained irom the following addresses:

{i) For ASME standards. contact
American Society of Mechanical
Zngineers, 22 Law Drive, P.O. Box 2800,
Feirfield, Nj 07007-2900, phone 1-800-
§43-2783.

{2) For Nuclear Regulatory
Zommission documents, contact
Division of information Support
Services, Distribution Service, U.S.
Nuciear Regulziory Commission,
Washington, DC 20535, or contact
National Technical Information Service,
3285 Port Royal Road, Springfield, VA
2218), phone 703-487-4850.

§184.68 Alternative provisions.

The Administrator may. by rule
pursuant to 5 U.S.C. 553, substitute for
any of the provisions of this part
zltermative provisions chosen after:

{a) The alternative provisions have
been proposed for public comment in
the Federal Register together with
information describing how the
eliernative provisions comport with the
cispesal reguladons, the reasons why
the existing provisions of this part |
2ppear inappropriate, and the costs,
risks and benefits of compliance in
azcordance with the alternative
Drovisions;

(b) 4 public comment period of at
ieast 120 days has been completed and
public hearings have been held in New
hexieo;

(c) The public comments received
nave been fully considered; and

(d) A notice of final rulemaking is
published in the Federal Register.

§154.7 Effective date.

The criteriz in this part shall be
effective on April 8, 1898. The
incorporation by reference of certzin
publications listed in the criteria is
epproved by the Director of the Federal
Register 2s of April ©, 18086,

Subpart B—Compliance Certification
anc Re-certification Applizations

§184.11 Completeness and accuracy of
compliance applizations.

information provided to the
Administrator in support of any
compliance 2pplication shall be
complete and accurate. The
Administrator’s evaiuation for
cerification pursuant to section
B{d)(1)(3) of the WIPP LWA and
evziuation for recenification pursuant to
seztion 8(f)(2) of the WIPP LWA shall
no: begin until the Administrator has

Infor
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notified the Secretary, in writing. that a
complele application in accordance
with this part has been received.

§194.12 Submission of compliance
a2pplications.

Unless otherwise specified by the
Administrator or the Administrator’s
authorized representative, 30 copies of
any compliance application, any
accompanying materials, and any
amendments thereto shall be submitied
in a2 printed form to the Administrator.

§£194.13 Submission of reference
materials.

information may be included by
reference into compliance
2pplication(s). provided thai the
references are clear and specific and
that, unless otherwise specified by the
Administrator or the Administrator’s
authorizec represeniztive, 10 copies of
the referenced information are
submitted to the Administrator.
Referenced materials which are widely
available in standard textbooks or
reference books need not be submitied.
€184.14 Content of compliance
certification application.

£ny compliance zpplication shall
include:

{a) A current description of the
natural and engineered features that
me) affect the performance of the
dispesal system. The description of the
disposal systemn shzall include, at 2
minimum, the following information: -

(1) The lozation of the disposal
system and the controlled arez;

(2) A description of the geology,
geophysics, hvdrogeology, hydrology,
and geochemistry of the disposal system
and its vicininy and how these
conditions are expecled to change and
interact over the reguiatory ime frame.
Such description shall inciude, at 2
minirmum:

(i) Existing fluids and fluid hydraulic
potential, including brine pockets, in
and near the disposal system: and

(ii) Existing higher permeability
anhvdrite interbeds located at or near
the horizon of the waste.

{3) The presence and characieristics of
potendal pathways for transport of
waste irom the disposal system to the
accessible environment including, but
not limited to: Existing boreholes,
solution features, brecciz pipes, and
other potentially permeable features,
such as interbeds.

(4) The projected geophysical,
hydrogeologic 2nd geochemical
conditions of the disposal system dus to
the presence of waste including, but not
limited 1o, the effects of production of
heat or gases from the weste.

(b) A description of the desig: e
Gisposal system including:

{:) Information on materials of
construction including. but not li:
to: Geologic media. structural matc
engineered barriers, general
arrangement, and approximate
dimensions; and

(2) Computer codes and standards
that have been applied 1o the design a:.
construction of the disposal svsiem.

(c) Results of 2ssessments conducled

Jpursuant to this part.

(dj & description of inpui parameters
associated with assessments conducteg
pursuani 1o this part anc the basis for
selecling these input parameters,

e) Documentation of measures tzken
to meet the 2ssurance requirements of
this part. '

(f) & description of waste acceptance
criteriz 2nd actions tzken 1o 2ssure
adherence to such criteria,

(g) A description of background
radiztion in air. soil and v-ater in the
vicinity of the disposal system and the
procedures employved to determine such
radjation.

(n} One or more 1opographic map(s) of
the vicinity of the disposal system. The
contour interval shall be sufficien: to
show clearly the pattern of surface water
flow in the vicinity of the disposal
svstem. The mep(s) shall include
siandard map notations and symbols,
and, in addition, shall show boundaries
oi the controlled arez and the iocation
oi any active, inactive, and abandoned
injecton and withdrawal wells in the
conrrolled area and in the vicinity of the
disposal svstem.

(i) A description of past and current
climatologic and metzorologic
conditions in the vicininy of the disposal
system and how these conditions are
expecied to change over the reguiatory
time frame.

() The information reguired
elsewhere in this pari or any additional -
information, analyses, tests, or records
determined by the Administrator or the
Administrator’'s authorized
represantative 1o be necessary for
determining compliance with this part.

§154.15 Content of compliance re-
certification applization(s).

(2) In submitting documentation of
continued compliance pursuant to
section 8(f) of the WIPP LWA,, the
previous compliance application shall
be updated 1o provide sufficient
information for the Administrator 1o
determine whether or not the WIPP
continues 1o be in compliance with the
disposal regulations. Upcarted
documentation shall include:

(1) All additional geologic,
geophysical, geochemical, hydrologic.,
and meteorologic information;
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(2) AN additional monitoring data,
2nalyvses and results: :

(3) A1l additional analyses and resulls
of laboratory experiments conducted by
the Department or its contractors as part
of the WIPP program:

(4) An identification of any activities
Or assumptions that deviate from the
most recent compliance application:

(3) A description of all waste
emplaced in the disposal system since
the most recent compliance certification
or re-certification application. Such
description shall consist of 2 description
of the waste characteristics and wasie
components identified in §§ 104,24 (D)(1)
and 194.24(b)(2):

(5) Any significant informatj on not
oreviously included in 2 compliance
certification or re-certification
2pplication related to whather the
disposal system continues to be in
compliance with the disposal
regulations; and

{7) Any additional information
reguested by the Administrator or the
Administrator's authorized
represeniatve.

{d) To the exient that information
reguired for a re-certification of
compliance remains valid and has been
sudbmitied in previous certification or re-
terification application(s), such
information need not be duplicated in
subseguent applications: such
information may be summarized angd
raferenced.

Subpart C—Compliance Certification
end Re-certification

General Reguirements

§184.21 Inspestions.

{2} The Administrator or the
Administrator's authorized
representative(s) shall, at any time:

(1) Be afforded unfettered and

n2nnounced access 10 inspect any arsa
of the WIPP, and any locations
periorming activities that provide
information relevant 1o compliance
application(s), 10 which the Department
hes rights of access. Such access shall be
squivaient 1o access afforded
Department employvees upon
presentation of credentizis and other
reguired documents.

{2} Be allowed 10 obtain samples,
inciuding split samples, and to monitor
and measure aspects of the disposal
sysiem and the waste proposed for

disposal in the disposal system.
(b) Records (including data and other
. iaformation in any form) kept by the
[+, )27Tment pertaining to the WIPP shal)
‘made available to the Adminisator
¢ the Administrator's authorized
represeniative upon reguest, If

requested records are not immediately
2vailable, they shall be delivered within
30 calendar days of the reguest,

(c) The Department shali, upon
request by the Administrator or the
Administrator's authorized
representative, provide permanent,
privale office space that is accessibje to
the disposal system. The office space
shall be for the exclusive use of the
Administrator or the Administr tor's
authorizeg represeniative(s).

(d) The Administrator or the
Administrator's authorized
represeniatives) shall comply with
applicable access control measures for
security, radiological protection, and
personal safery when conduciing
activities pursuant 1o this section.

§194.22 Quality 2ssurance.

{2)(1) As soon as Draclicable afier
£pril 2, 1998, the Department shal]
adnere 10 2 quality assurance program
ihat implements the reguirements of
ASME NQA-1-1989 edition, £SME
NQA-22-1200 adgdenda, rart 2.7, to
ASME NQA-~2-1989 edition, and ASNE
NQA-3-1980 edition (excluding Section
2.1 (b) and {g). an< Section i7.1).

iZ07DOration Dy reference as specified
in§1843)

(2) Any compliance application shali
inciude information which
demonsirates that the quality assurance
program reguired pursuant to Daragraph
(@){(1) of this section has been
established and executed for:

(i) Waste charazterization activities
and assumptions;

(i) Environmen:z] monitoring.
monitoring of the performance of the
dispesal sysiem. ang sampling and

nzlvsis aciivites:

{ifl) Field measurements of 2eologic
factors, ground water, meteorologic, and
Topographic characreristics: :

(iv) Computations, compuier codes,
models 2nd methods used 1o
demonstrate compliance with the
dispesal regulations in accorgance with
the provisions of this part;

(vj Procesdures for implementation of
expert judgment elicitation used to
SUPDOrt applications for certification or
re-certification of compliance:

(vi) Design of the disposa! system and
actions taken 1o ensure compliance with
Gesign specifications:

(vii) The collection of datz and
information used 1o support compliance
epplication(s): and

(viii) Other systems, structures,
cOmponents, ang activities important 1o
the containment of vzste in the disposal
svsiem.

(b) Any compliance application shal]
include information whizh
demonsirates that datz anc igformation

Information
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colizcied prior 1o the implemeniation of
the quality assurance Program required
pursuant! 1o paragraph (a)(1) of this
section have been quzlified in
accordance with an alternate
methodology, approved by the
Administrator or the Administrztor's
2uthorized Tepreseniative, that employs
one or more of the following methods-

“Peer review, conducted in a manner that

is compatible with NUREG-12687, ““Pear
Review jor High-Leve] Nuciear Waste
Repositories," published February 1988
(incorporation by reference as specified
in £184.3): corroborating daiz;
confirmatory tesling; or z gualiry
éssurance program that js eguivalent in
effect to ASME NQA-1-1980 edition,
ASMENQA-22-1090 addendz, part 2.7,
1@ ASME NQA-2-)980 edition, and
ASME NQA-3-1880 edition (excluding
Section 2.1 (b) ang () and Section 17.1).
{Incorporation by reference zs specified
in§108£3)

(c) Any compliance application shalj
provide. 1o the extent Dracticable,
informetion which describes how al]
gaiz used 1o SupDori the compliance
2pplicaiion have been assessed ior their
Quelity characteristizs, including:

{1) Dawe accuracy, i.e., the degree 10
wilich datz agree with an accepted
Felsrence or true vziye:

{2) Data precision, i.e.. 2z measure pf
the mutual agreement berween
comparable Gatz gathered or developed
under similar conditions expressed in
terms of 2 standard Geviation:

3) Dai2 Tepreseniativeness, e, the
degree 10 which daz accurately and
precisely represen; 2 characieristic of 2~
Pooulauon, 2 barameter, variations at 2
sampling point, or environmenzzl
conditions;

{4) Dazz compieteness, i.e., 2 measurs
of the amoun: of valic data obizined
compared to the amount that vras
expected; and

{5) Daz comparability, i.e., 2 measure
of the confidence with which one data
Sei can be comparad to another.

(d} Any compliance application shall
provide information which
demonstrates how al] datz are gualified
for use in the demonstration of
compliance.

(¢) The Administrator will verify
2ppropriate execution of quality
2Ssurance programs through
inspections, record reviews and record
keeping reguirements, which may
include, but may not be limited 1o,
surveillance, audits ang management
SYSIems reviews,

§184.Z23 Models and computer codes,

(2} Any compliance application shall

Only
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(1) A description of the conceptual
models and scenario construction used
10 support any compliance application.

(2) A description of plausible,
zliernative conceptual model(s)
seriously considered but not used to
support such application, and an
explanation of the reason(s) why such
model(s) was not deemed to accurately
poriray performance of the disposal
svstem.

(3) Documentation that:

(i) Conceptual models and scenarios
reasonably represent possible future
s:2tes of the disposal sysiem;

(ii) Mathematical models incorporate
eguetions and boundary conditions
which rezasonably represent the
mathematical formulation of the
conceptual models;

(iii) Numerica! models provide
numerica! schemes which enabie the
mathematical models to obtain stabie
solutions;

(iv) Computer models accurately
implemnent the numerical models: i.e.,
computer codes are free of coding errors
ans produce stable sojutions;

(v Conceptuzl models have

(b) Computer codes used to support
any compliance application shall be
dozumented in z manner that complies
with the reguirements of ASME NQA-
2z-1830 addende, part 2.7, to ASME
NQ#A-2-1588 edition. (Incorporation by
reference 2s specified in § 194.5.)

(c) Documentation of all models and
computer codes included as part of any
compliance application performance
assessmeni calculation shall be
provided. Such documentation shall
inzlude, but shall not be limited to:

(1) Descriptions of the theoretical
backgrounds of each model and the
method of analysis or assessment;

(2) General descriptions of the
models; discussions of the limits of
applicability of each model; detailed
instuctions for executing the computer
codes. inciuding hardware and software
reguirements, input and outpu: formats
with expianations of each input and
output vesiable and parameter (e.g.,
parameter name and units); listings of
input and output files from 2 sample
computer run; and reports on code
verification, benchmarking, validation,
and guaiity assurance procedures;

(3) Detziled descripuions of the
structure of computer codes and
complets listings of the source codes;

(¢) Detailed descriptions of data
colleciion procedures, sources of date,
etz reduction and analysis, and code
inpui parameter development;

(5) Any' necessary licenses; and

Info
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(6) An explanation of the manner in
which models and computer codes
incorporate the effects of parameter
correlation.

(d) The Administrator or the
Administrator’s authorized
representative may verify the results of
compuier simulations used to support
any compliance application by
performing independent simulations.
Date files, source codes. executzble
versions of computer software for each
model, other material or information
needed to permit the Administrator or
the Administrator’s authorized
representative io perform independent
simulations, and access 10 necessary
hardware 1o periorm such simulations,
shall be provided within 30 caiendar
gzys of 2 reguest by the Administrator
or the Administrator's authorized
represeniadve,

§184.24 Waste characterization.

(2) Any compliance application shall
describe the chemical, radioiogical and
physical compesition of all existing
vaste proposed for disposal in the
disposal svstem. To the exten:
practicable, any compliance application
shali also describe the chemical,
radiolopical and physical composition
of to-be-generated veasie proposed for
disposal in the dispesal system. These
descripuons shall inciude 2-list of waste
components and their approximate
guantities in the waste. This list may be
derived from process knowiedge, '
current non-destructive examination/
asszy, or other information and
methods.

(b) The Department shali submit in

the results of an analysis which
subsiantiates:

(1) Thar all waste characteristics
influencing contzinment of waste in the
disposal system have been identified
and assessed ior their impact on
disposal system periormance. The
Characteristics to be analvzad shall
include, but shall not be limited to:
Solubility; formation of colloidal
suspensions conizining radionuclides;
production of gas from the waste; shear
srength: compaciability; and other
waste-reiated inputs into the computer
models that are used in the performancs
assessment.

(2) That all waste components
influencing the waste characieristics
identified in paragraph (b)(1) of this
section have been identified and
assessed for their impact on disposal
system performance. The components to
be analyzed shall include, but shall not
be limited to: metals; celluiosizs;
chelating agents; water and other

liquids: and activity in curies of each
isotope of the radionuclides present.
(3} Any decision to exclude
consideration of any waste
characteristic or waste component
because such characteristic or
component is not expected to
significantly influence the containment
of the waste in the disposal system.
(c) For each waste component
identified and assessed pursuant to
paragraph (b) of this section, the

-Department shall specify the limiting

vaiue (expressed 2s an upper or lower
limit of mass, volume, curies,
concentration, etc.), and the assoziated
unceriainty (i.e., margin of error) for
each limiting value, of the toral
inventory of such waste proposad for
disposai in the disposal system. Any
complianze application shall:

(1) Demonstrate that, for the total
inventory of waste proposed jor
disposal in the disposal system, WIPP
compiies with the numeric
requirements of § 194.34 ang §184.55
for the upper or lower limits (including
ine associated uncertzinties), 2s
appropriate, for each waste componant
idenufied in paragraph (b)(2) of this
section, anc for the plausible
combinations of upper and lower limits
of such waste components that would
result in the greatest estimated releass.

(2) Identify and describe the
method(s) used to guantify the limits of
w'aste components identified in
Daragraph (b)(2) of this section.

(3) Provide informartion which
demonstrates that the use of prozess
knowledge to quantify components in
waste for disposal conforms with the

(4¢) Provide information which
demonstrates that 2 system of controls
has been and will continue to be
implemented to confirm that the total
amount of each waste component that
will be emplaced in the disposal system
will not exceed the upper limiting value
or fall beiow the Jower limiting value
described in the introductory text of
paragraph (c) of this section. The system
of controls shall include, but shall not
be limited to: Measurement: sampling;
chain of custody records; record keeping
systems; wasie loading schemes used;
and other documentation.

(5) identify and describe such controls
delineated in paragraph (c)(4) of this
section and confirm that they are
applied in accordance with the quality
assurance requirements found in
§184.22.

(d) The Department shall inzlude a
veeste loading scheme in any
compliance application, or else
performance assessments conducted
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pursuant (o § 184,32 and compliance
2ssessments conducted pursuant to
€ 154.54 shall 2ssume random
placement of waste in the disposal
sysiem.

(e) Waste mey be emplaced in the
disposal svsiem only if the emplaced
components of such waste will not
cause:

(1) The toial quantity of waste in the
disposal system to exceed the upper
limiting vajue, including the associated
uncertainty, described in the
introductory text 1o paragraph (c) of this
secuon; or

(2) The 1otal guantity of waste that
will have been emplaced in the disposal
svsiem, prior o closure, to fall below
ihe lower limiting value, including the
associated uncerainty, described in the
intoductory text to paragraph (c) of this
section.

(i) Waste emplacement shall conform
to the assumec wasie Joading
conditions, if 2ny, used in performance
2ssessments conducted pursuant to
§ 104 32 and compliance 2ssessmen:s
conducted pursuani to § 194.54, =

() The Department shall demonstraie
in any compliance application that the
1ot} inventory of waste emplaced in the
disposal system complies with the
limiiziions on wansuranic wasie
disposal describeg in the WIPP LWA.

(n) The Administrator will use
inspections and records reviews, such
2s 2udits, to verify compliance with this
section.

§154.25 Future siate 2ssumptions.

(2) Unless otherwise specified in this
pant or in the disposal regulations,
periormeance assessments and
compliance assessments conducted
pursuant the provisions of this part 10
demonstraie compliance with §181.13,
§121.15 and pasx 181, subpart C shall
2ssume thai characteristics of the future
remzin whnat they are at the time the
compliance application is prepared,
provided thai such characteristics are
no: reiated 1o hydrogeologic, geologic or
climatiz conditions,

(b} In considering future states
pursuant 1o this secrion, the Depariment
sheli documeni in any compliance
zpplication, 1o the extent practicable,
effects of potenual future hydrogeologic,
geologic and climatic conditions on the
disposal sysiem over the regulatory time
irame. Such documenzation shall be part
of the acdvities undertaken pursuant 10
§184,14, Content of compliance
certification application; § 194.32,

.Scope of periormance assessments: and
7'..8¢,54, Scope of compliance
"ssessments.

(1) In considering the effects of
nvdrogeoiogic conditons on the

disposal svsiem, the Depariment shzl]
document in any compliance
2pplication, 10 the extent practicable, .
the efTects of potential changes to
hydrogeologic conditions.

(2) In considering the efTects of
geologic conditions on the disposal
system, the Deparunent shall document
in any compliance application, to the
extent practicable, the effects of
potential changes 1o geologit
conditions, including. but not limited
to: Dissolution: near surface geomorphic
features and processes; and rejaied
subsidence in the geologic units of the
cisposal sysiem,

(3) In considering the effects of
climatic conditions on the disposal
systern, the Department shell document
in any compliance application, to the
extent practicable, the effects of
potential changes to future climate
cyeles of increased precipitation (2s
compared 10 present congitions).

§184.26 Expertjudgment

(2) Expert judgment, by an individual
expert or panel of experts, may be used
to support any compliance application,
provided that expert judgment does not
substitute for information that could
reasonabiy be obiained through Gaia
collection or experimentation. :

(b) Any compliance applicztion shall:

(1) Igentify any expert judgments
used to suppor the 2pplication and
shall identify experts (by name and
employer) involved in any expert
judgment elicitation processes used to
support the zpplication.

(2) Describe the process of eliciting
expert judgment, and document the
results of experi judgmeni elicitation
processes and ihe reasoning behingd
those results. Documentation of
interviews used 1o elicit judgments from
experts, the guestions or issuss
presented for elicitation of expert
judgment, background information
provided 1o experts, and deliberations
and formal interactions among exp=rts
shall be provided. The opinions of 21l
experts invoived in each elicitation
process shall be provided whether the
opinions are used to support
compliance applications or not.

(3) Provide documentation that the
following restrictions and guidelines
have been zpplied to any seiection of
individuals used to elicit expert
judgmens:

(i) Individuals who are members of
the team of investigators requesting the
judgment or the t2am of investicators
who will use the judgment were not
selected; and

(ii) Individuals who maintzin, 2i any
organizational Jevel, 2 super\‘*in:;\- role

Information
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or who are supervised by those who will
uiilize the judgment were not sclected.

(4) Provide information which
demonsirates that:

(i) The expertise of any individual
involved in expert judgment elicization
comports with the leve] of knowledge
required by the questions or issues
presented to that individual: and

(ii) The expertise of any expert panel,
2s 2 whole, involved in expert judgment
elicitation comports with the level and
varieiy of knowledge required by the
quesiions or issues presented 10 that
panel,

\5) Explain the relationship among the
information ang issues presented 10
experis prior to the elicitation prozess,
the elicited judgment of any expert
panel or individual, and the purpose jor
which the expert judgment is being used
in compliance 2pplications(s).

(6) Provide documentation that the
initial purpose for which expert
Judgment wes intended, 2s presented 1o
the expert panel, is consistent with the
purpose for which this judgment was
used in compliance application(s).

(7} Provide dozumenzation that the
foliowing resttictions and guidelines
have been 2pplied in eliciting expent
Jjudgment

(i) At ieast five individuals shall be
used in any exper elicitation process,
uniess there is 2 jack or unavailability
of experts and 2 documented rationale
is provided that explains why fawer

han five individuals were seiected.

(ii) At least two-thirds of the experts
involved in an elicitation shall consist
of individuais who are not empioved
directly by the Depastment or by the
Depariment’s conactors, unless the
Deparument can demonsiraie and
document that there is 2 Jack or
unavailability of qualified independent
experts. If so demonstraied, at le2st one-
third of the experts involved in an
elicitation shall consist of individuals
who are noi employed directiy by the
Department or by the Department's
contraciors.

(c) The public shall be afforded a
rezsonzble opportunity to present its
scientific and technical views to expert
paneis 2s input to any expert elicitation
process.

§194.27 Peer review.

(2) Any compliance application shall
include documeniation of peer review
that has been conducted, in 2 manner
required by this section, jor:

(1) Conceptual modeis selected and
developed by the Department;

(2) Weste characierization analvses 2s
reguired in § 184.24(b); and i

(3) Engineered barrier evaiuation 2s

regiired in §ul84.44,
nly
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(b) Peer review processes required in
paragraph (2) of this section. 2nd
conducted subseguent to the
promulgation of this part. shall be
conducied in a manner that is
compatible with NUREG-1297, ""Peer
Review for H:r-h Level Nuclear Waste
Repositories,’ publ:shed February 198B.
(incorporation by reference as specified
in §194.5)

(c) Any compliance application shall:

(1) Include information that
demonstrates thal peer review processes
required in paragraph (2) of this section,
and conducted prior to the
1rnp1ementaua-1 of the promulgation of
this part, were conducted in accorgance
with an 2)ternate process substantally
eguivalent in effect 1o NUREG-1287 and
2pproved by the Administrator or the
Administrator's authorized
representative; and

(2) Document any peer review
orocesses conducted in addition to

-these required pursuant to paragraph (a)
of this section. Such documeniation
snall inciude formal requests, from the
Department 1o outside review groups or
individuals, 1o review or comment on
any information used 10 support
compliance applications. and the
responses from such groups or
individuals.

Containment Reguirements

§194.31 Application of reiease limits.

The release limits shall be calcuiated
according to part 191, appendix A of
this chapter, using the total activity, in
caries, that will exist in the disposal
svstern at the time of dispoesal.

§194.32 Scope of performance
2ssessments.

(2) Performance assessmeants shall
consider natura! processes and events,
mining, deep drilling, and shallow
drilling that may affect the disposal

system during the regulatory time frame.

(b) Assessments of mining effects may
be limited to change.s in the hydraulic
conductivity of the hydrogeologic units
oi the d.snosa system from excavation
mining for natural resources. Mining
shall be a2ssumed to occur with 2 one in
100 probability in each century of the
regulatory time frame. Performance
assessments shall assume that mine
deposits of those resources, similar in
guality and vpe to those resources
currently extwacted from the Delaware
Basin, will be completely removed from

the controlied arez during the century in

which such mining is randomly
calculated to occur. Complete removal
of such mineral resources shall be
2ssumed 1o occur only once during the
regulatory time frame.
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(c) Performance assessments shall
include an analysis of the effects on the
disposal system of any activitics that
occur in the vicinity of the disposal
sysiem prior to disposal and are
expected 1o occur in the vicinity of the
disposzl system soon after disposal.
Such zctivities shall include, but shall
not be limited to, existing boreholes and
the development of any existing leases
that can be rezsonably expected to be
developed in the near future, including
boreholes and leases that may be used
for fiuid injection activities.

(d) Performance assessments need not
consider processes and events that have
less than one chance in 10.000 of
occurring over 10,000 years.

(=) im) compliance application{s)
shzll include information which:

(1) Identifies all porential processes,
events or sequences and combinations
of processes and events that may occur
during the regulatory time frame and
may affect the disposal system:

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

(3) Documents why any processes,
events or sequences and combinzaiions
of processes and events identified
pursuant te paragraph (e)(1) of this
section were notincluded in

erformance assessment results
provided in any compliance
application.

§194.33 Consideration of drilling events in

performance 2ssessments.

(2) Periormance assessments shall
examine deep drilling and shallow
drilling that mezy potentially affect the
disposal system during the regulatory
time frame.

(b) The following assumptions and
process shall be used in assessing the
likelihood and consequences of dnlhng
events, and the results of such process
shali be documented in any compliance
application:

{1) Inadverient and intermitient
intusion by drilling for resources (other
than those respurces providad by the
waste in the disposal system or
engineered barriers designed to isolate
such waste) is the most severe human
intrusion scenario.

(2) In performance assessments,
drilling events shall be assumed 1o
occur in the Delaware Basin at random
intervais in time and space during the
regulaiory time frame.

(3) The frequency of deep drilling
shall be calculated in the iollowmﬂ
mannes:

{i) identify deep drilling that has
occurred for each resource in the
Delaware Bzsin over the past 100 years

prior to the time 21 which 2 compliance
application is prepared.

(ii) The total rate of deep drilling shall
be the sum of the rates of deep drilling
for cach resource.

(4) The frequency of shallow drilling
shell be calculated in the following
manner:

(i) Identify shallow drilling that has
occurred for each resource in the
Delaware Basin over the past 100 vears
prior to the time at which 2 compliance
application is prepared.

(i1) The total rate of shallow drilling
shall be the sum of the rates of shallow
drilling for 2ach resource.

(iii) In considering the historical rate
of 2ll shallow drilling. the Department
meay, if justified. consider only the
historical rate of shallow drilling for
resources of similar type and guality to
those in the controlled area.

(2) Performance a2ssessments shall
document that in analvzing the
consequences of drilling events. the
Department assumed that

(1) Future drilling practices and
technology will remain consistent with
practices in the Delaware Basin at the
iime 2 compliance zpplication is
prepared. Such furure drilling practices
shall include, but shall not be limited
to: The rvpes and amounts of drilling
fiuids; borehole depths, diameters, and
seals; and the fraction of such boreholes
that are sealed by humans; and

(2) Natural processes will degrade or
otherwise affect the capabiliny of
boreholes 10 transmit fluids over the
regulatory time frame.

{d) With respect 1o future drilling
events, performance assessments need
not anaiyze the effects of technigues
used for resource recovery subssgquent
to the drilling of the borehoie.

§194.34 Results of performance
a2ssessments,

(2) The results of performance
assessments shall be assembled into

“complementary, cumulative
distribution functions” (CCDFs) that
represent the probability of exceeding
various levels of cumulative release
caused by 21l significant processes and
events,

(o) Probability distributions for
uncertain disposal system parameter
vajues used in pe erformance 2ssessments
shall be developed and documented in
any compliance application.

(c) Computational technigues, which
draw random samples from acress the
entire range of the probability
distributions developed pursuant 1o
paragraph (b) of this section, shall be
used in generating CCDFs anc shall be
documented in any compliance
application.
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(3) The number of CCDFs generated
shall be large enough such that, at
cumulative releases of 1 and 10, the
maximum CCDF generated exceeds the
22th percentile of the population of
CCDFs with at least 2 0.95 probability.
V2lues of cumulative release shall be
calculated according 1o Note 6 of Table
', Appendix A of Part 19] of this
chapter.

{2) Any compliance 2pplication shal)
display the full range of CCD=s
fenerated.

() Any compliance 2pplication sha]]
srovide information which
demonstrates that there is at Jeast 2 85
2erzent Jeve] of sialistical confidence
izl the mean of the population of
CCDFs meets the containment
Tequirements of § 181.13 of this chaptes.

#ssurance Reguirements

§1594.49

3 Active institutional controls.

(8) £ny compliance application shal]
inciude detailed descriptions of
Prodesed active institutional controls,
e controls’ location, and the period of
dme the conwrols are DPropesed o remain
azuve. Assumptions periaining to active
insttutional controls and their
effectiveness in terms of preventing or
reducing radionuczlide releases shall be
S$upporied by such descriptions.

(D) Performance assessments shall not
sonsider any contributions from active
@sttutional controls for more than 100
veass after disposal.

815442 Monitoring.

{2) The Department shall conduct an
enzivsis of the effects of disposal system
Peramelers on the containment of waste
i1 the disposal system and shall include
the results of such analysis in any
compliance application. The results of
the analysis shall be usad in developing
Dians for pre-closure and pesi-closure
monitoring required pursuant 1o
peregraphs (c) and (d) of this section.
The disposal system parameters
anaiyzed shall include, at 2 minimurm;

(1) Properties of backfilled material,
intiuding porosity, Dermeability, and
cegree of compaction and
reconsolication;

(2} Stresses ang extent of deformation
of the surrounding roof, walls, and floor
o the waste disposal room:

{3) initiation or displacement of major
brittie deformation features in the roof
O sutrounding rock;

(¢) Ground water fiow and other
effects of human intrusion in the
vicinity of the disposal system;

;. '3} Brine quantity, fiw:, composition,
i spatial distribution:
*7%13) Gas guantity ang compesition; and

(7) Temperature distribution.

(b) For all disposal Sysiem parameters
analyzed pursuant 10 paragraph (a} of
this section, any compliance zpplication
shall. document and substantjate the
decision not 1o monitor 2 particular
disposal sysiem parzameter because that
parameter is considered 1o be
insignificant to the containment of
waste in the disposal system or 1o the
verification of predictions aboui the
future performance of the disposal
system,

(c) Pre-closure monitoring. To the
extent practicable, pre-closure
monitoring shall be conductes of
significant disposal system parameter(s)
2s identified by the analvsis conducteg
bursuani to paragraph (2) of this section.
A disposal system parameter shal] be
considered significant if it affects the
svstem's 2bility to contain waste or the
ability 1o verify predictions about the
future performance of the disposal
SYStem. Such monitoring shall begin as
S00n as pracicabie: however, in no case
shall wasie be emplaced in the disposal
system prior to the implemeniation of
pre-ciosure monitoring. Pre-ciosure
monitoring shall end at the time at
which the shafts of the disposzl svster
are backiilled and sealed,

(d) Post-ciosure monitoring. The
cisposal system shall, to the extent
practicable, be monitored 2s soon as
practicable after the shafts of the
disposal system are backfilied and
sealed 1o detect substantial and
detrimental deviztions from expecied
performance and shall end when the
Department can demonstrate 1o the
sausiacion of the Administraior that
there are no significant conzemns to be
addressed by further monitoring. Fesi-
ciesure monitoring shall be
complementary to monitoring required
pursuant 1o appliczbie federal
hazardous waste regulations at parts
284, 283, 268, and 270 of this chapier
and shzll be conducted with technigues

nat 0o not jeopardize the conizinment
of waste in the disposal svstem.

(e) Any compliance a2pplication shzl]
inciude detziled pre-closure ang DOosi-
closure monitoring pians for monitoring
the performance of the disposal svstam.
At 2 minimum, such plans shall:

(1) identify the parameters that will be
monitored and how baseline vaiues wil]
be determinedg;

(2) indicate how eazh parameter will
be used 10 evaluate any deviations from
the expected performance of the
disposal system; and

{3) Discuss the iength of time over
which each parameter will be monitored
1o detect deviations from expected
performance,

Information
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§184.43 Passive institutional controls.

(@) Any compliznce application shzl]
include derailed descriptions of the
measures that wil] be employed to
preserve knowledge zbout the location,
design, and contents of the disposal
system. Such measures shal] inciude:

(1) identification of the controlied
area by markers that have been designed
and will be fabricated and emplaced to
be 2s permanent as practicabie;

(2) Placement of records in the
archives and land record svstems of
local, State. and Fegera] governments,
and intemnational archjves. that would
iikely be consulieg by individuals in
search of unexploited resources, Such
records shall identify;

(i) The lozation, of the controlied area
ang the disposal system:

{ii) The design of the disposal system:

(iii) The nature and hazarg of the
waste;

{iv) Geologic, geochemical,
hydrologic, and other site Gatz pertinent
10 ine containment of waste in the
dispesal svstem, or the location of suzh
information: and

(v} The resulis o tests, experiments,
and other analyses relating to bacidill of
excavated areas, shaf: sealin £. waste
interacuon with the disposaj system,
and other tests, Experiments. or anajyses
perlinent to the containmen: of veasie in
the dispesal system, or the lozation of
such information,

(3) Other passive institutiona)
conirols practicable 1o indicate the
dangers of the waste and jre lozation.

(bj Any compliance application shall
include the period of tire passive
institutional controis are expecied o
endure and be understood.

(c) The Administrator may 2liow the
Department to assume passive
instiwtional contro) credit. in tne form
of reduced likelihood of human
intrusion, if the Department
demonstrates in the compliance
application that such credi: is justified
Decause the passive institutional
Controls are expected to endure and be
understood by potential intruders for
the time period approved by the
Administrator. Such credit, or z smaller
credit 2s determined by the
Administrator, cannot be used for more
than several hundred Years and may
decrease over time. In no case, however,
shall passive institutiona) conwols be
2ssumeg to eliminate the likelinood of
human intusion entireiy,

§194.44 Engineered barriers.

(a) Disposal systems shal] incorporate
engineered barrier(s) designed 10
Prevent or substantialiy delay the
movement of water or radjonuclides
lowarc the agcessiple environment.

Only
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(b) In selecting any engineered
barrier(s) for the disposal system, the
Department shall evaluate the benelit
and detriment of engineered barrier
zliernatives, including but not limited
to: Cementation, shredding.
supercompaction, incineration,
vitrification, improved waste canisters,
grout and bentonite backfill. melting of
meials, altemnative configurations of
waste placements in the disposal
systemn, and alternative disposal system
dimensions. The results of this
evzluation shall be included in any
compliance application and shall be
used to justify the selection and
rejection of each engineered barrier
evajuated.

(c)(1) In conducting the evaluation of
engineered barrier alternatives, the
following shall be considered, 1o the
extent practicable:

(i) The ability of the engineered
barrier to prevent or substantially delay
ihe movement of water or waste toward
the accessible environment;

(i) The impact on worker exposure 10
radiation both during and after
incorporation of engineered barriers:

(iii) The increased ease or difficulty of
removing the waste from the dispesal
svstem;

(iv) The increased or reduced risk o
transporting the waste to the disposal
svstem;

(v} The increased or reduced
uncer2inty in compliance assessment;

(vi) Public comments reguesting
specific engineered barriers;

(vii) The increased or reduced total
system costs;

(viii) The impact, if any, on other
waste disposal programs from the
incorporation of engineerad barriers
(2.g.. the extent to which the
incorporation of engineered barriers
2iT=zts the volume of waste);

(ix) The effects on mitigating the
conseguences of human inousion.

(2) If, after consideration of one or
more of the factors in paragraph (c)(1) of
this section, the Department concludes
that an engineered barrier considered
within the scope of the evaluation
snouid be rejected without evaluating
the remaining factors in paragraph (c)(1)
oi this section, then any compliance
application shall provide 2 justification
for this rejection explaining why the
evaluation of the remaining factors
would not alter the conclusion.

(d) in considering the ability of
engineered barriers to preveni or
subsiantizally delzy the movement of
water or radionuclides toward the
accessible environment, the benefit and
detriment of engineered barmiers for
exisung waste already packaged,
existing waste not yet packaged, existing

waste in need of re-packaging. and to-
be-generated wasle shall be considered
separately and described.

(e) The cvaluation described in
paragraphs (b). (c) and (d) of this section
shall consider engineered barriers alone
and in combination.

§184.45 Consideration of the presence of
resources.

Any compliance application shall
include information that demonstrates
that the {avorable characteristics of the
disposal svsiem compensals for the
presence of resources ip the vicinity of
the disposz! svsiem and the likelihood
of the disposal system being disturbed
as 2 result of the presence of those
resources. If performance assessments
predict that the disposal system mee
the containment reguirements of
§121.13 of this chapter, then the
Agency will 2ssume that the
requirements of this section and
§101.14(e) of this chapter have been
fuliilled.

£184.45 removal of waste.

Any compliance application shall
include documentation which
demonstraies that removal of waste from
the disposal svstem is fezsible for 2
reasonzble period of time after disposal.
Such documentation shall inciude an
analysis of the technological fezsibility
of mining the sealed disposal system,
given technology levels at the time 2
compliance application is preparad.

Individual and Ground-water
Protection Reguirements

§194.51 Consideration of protected
individual.

Compliance assessments that analyze
compliance with § 181.15 of this chapter
shall assume that an individual resides
at the singie geographic point on the
surface of the accessibie environment
where that individual woulé be
expected to recejve the highest dese
from radionuclide releases irom the
disposal sysiem,

§194.52 Consideration of exposure
pathways.

In compliance assessments that
analyze compliance with § 191.15 of
this chapter, 21l potential exposure
pathweys from the disposal sysiem 1o
individueais shall be considered.
Compliance assessments with part 121,
subpari C and § 191.15 of this chapter
shall 2ssume that individuals consume
2 liters per day of drinking water from
any underground source of drinking
water in the accessible environment.

§194.53 Consideration of underground -
sources of drinking water.

In compliance assessments that
analyze compliance with part 191,
subpart C of this chapter, all
underground sources of drinking water
in the accessible environment that are
expected 1o be affected by the disposal
system over the regulatory time frame
shal] be considered. In determining
whether underground sources of
drinking water are expected to be

. afTecied by the disposal sysiem.

underground interconnections among
bodies of suriace water, ground water,
and underground sources of drinking
water shall be considered.

£154.5¢ Scope of compliance
assessments.

(a) Any compliance application shall
coniain compliance 2ssessments
reguired pursuant 1o this part.
Compliance 2ssessments shall include
informauion which:

(1) identifies potential processes,
events, or seguences of processes and
events that may occur over the
regulatory time frame;

(2) Identifies the processes, events, or
sezquences of processes and events
included in compliance 2ssessment

_results provided in any compliance

applicaton; and

(3) Documents why any processes,
events, 07 sequences of processes and
events identified pursuant to paragraph
{a}(1) of this section were not included
in compliance 2ssessment results
provided in any compliance
applicaton.

(b) Compliance a2ssessments of
undisturbed performance shall include
the effects on the disposal system of:

(1) Zxisting boreholes in the vicinity
of the disposal system, with arention to
ihe pathways they provide for migration
of radionuclides irom the site; and

{2) Any activities that occur in the
vicinity of the disposal system prior 1o
or soon zfter disposal. Such activities
shall include, but shzll net be limited
to: Existing boreholes and the
development of any existing leases that
can be reasonably expected to be
deveioped in the near future, including
borehoies and leases that may be used
for fiuid injection activities.

§194.55 Results of compliance
2ssessments,

(a) Compliznce assessments shall
consider and document uncertainty in
the performance of the disposal system.

(b) Probability distributions for
unceriain disposal sysiem parameter
values used in compliance assessments
shall be developed and documented in
any compliance application.

Information Only
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Future Mining Events in the Performance Assessment
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WS:96:03105

DA:96:11017
Westinghouse ) Government and Environmental Waste Isolation Division
Electric Corporation Services Company Box 2078

Carisbad New Mexico 88221
April 3, 1996

Mr. Mel Marietta, Manager

WIPP Project Compliance Department
Sandia National Laboratories

115 N. Main Street

Carlsbad, NM 88220

Subjectt FUTURE MINING EVENTS IN THE PERFORMANCE ASSESSMENT
Dear Mr. Marietta:

Per our discussion, this submittal updates our earlier package provided to you on February 29, 1996
(DA:96:11004, attached). The revised information includes changes made to incorporate comments received
from Mr. Kurt Larson of your staff.

The map in Figure 5 of the attachment has been revised with additional information by including areas where
potash has already been mined and areas currently considered barren of potash by the Bureau of Land
Management.

Our earlier recommendation to use Figure § to incorporate the effects of mining in WIPP Performance
Assessment remains the same.

Should you have any further questions, please contact me at (505) 234-8380, or Mr. R. F. Kehrman at (505)
234-8650.

Sincerely.

%

B. A. Howard, Manager
Long-Term Regulatory Compliance

hmp
Attachments
cc: without map , Distq:_ibution:
" Mike Wallace, 6749
D.R. And.er'son, SNL-AL Kurt Larson, 6751
G. T. Basabilvazo, CAO Peter Swift, 6821
5 EBea.n, SNL-AL Tom Corbet, 6115
M. S. Y. Chu, SNL-AL. Wendell Weart, 6000

J. H. Maes, CAO"™ " =
J. A. Mewhinney, CAO

ormati;)n bnly

SWCF-A 1.2.01.2:PA. QA TSK . NSII &




EXTENT OF MINING POSITION PAPER
Revision 1

1.0 INTRODUCTION

In 40 CFR Part 194, the Environmental Protection Agency’s recently published standard for the
certification of WIPP’s compliancc to 40 CFR Part 191, they (the EPA) have specified that the DOE must
consider the zmpact of mining in the analysis of the long-term performance of the disposal system. The
specific requirement being imposed by the EPA is stated in 40 CFR Part 1941, section 32(a), (b), and (c)
as follows:

(a) Performance assessments shall consider natural processes and events, mining, deep drilling,
and shallow drilling that may affect the disposal system during the regulatory time frame.

)] 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.

(c) Performance assessments shall include an analysis of the effects on the disposal system of
any activities that occur in the vicinity of the disposal system prior to disposal and are
expected to occur in the vicinity of the disposal system soon afier disposal. Such acrivities
shall include, but shall not be limited to, existing boreholes and the development of any
existing leases that can be reasonably expected to be developed in the near future, including
boreholes and leases that may be used for fluid injection activities.

The phrase “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” in section (b) and the phrase “ any activities that occur in the vicinity
of the disposal system prior to disposal and are expected to occur in the vicinity of the disposal system
soon afier disposal” in section (c) require a definition of an area within the controlled area (b) and outside
the controlled area (c) for the purposes of analysis. Defining the rcqulte areas to sansfy these
requirements is the subject of this paper.

The EPA provides extensive discussion of how the impacts of mining are to be considered in the
supplemental information provided with the new standard. However, the EPA only gives limited
guidance on how to determine the extent of mining that must be considered. This is an important factor,

~ because the extent of mining determines whether or not the effect of subsidence will directly affect the
performance of the disposal system. In the Supplemental Information provided with the rule, the EPA
states: “Some natural resources in the vicinity of the WIPP can be extracted by mining. These natural
resources lie within the geologic formations found at shallower depths than the tunnels and shafts of the
repository and do not lie vertically above the repository. Were mining of these resources to occur, this -
could alter the hydrologic properties of overlying formations ... Following this statement, the Agency
proceeds to provide a methodology to bound such considerations based on their analysis of the effects of
subsidence. Subsequently, the EPA states that “The final rule specifies those assumptions and methods
that shall be used in performance assessments to account for the effects of mining.” As a basis for the
assumptions that are specified in the rule, the EPA points out their intent that “the historical record of the

1y, s. Environmental Protection Agency, 1996, "Critenia for the Certification and Re-Certification of the
Waste Isolation Pilot Plant’s compliance With the 40 CFR Part 191 Disposal Regulations; Final Rule®, Federal Register,
Vol. 61, No. 28, pp 5224, February 9, 1996.
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past 100 years' mining activity in the Delaware Basin provides a reasonable basis for predicting the
nature of future mining activity.” The EPA applied the historical record in two ways. First, it used the
record to determine a frequency for mining as specified in the rule, and second, it used the record to
address the physical characteristics of the mining activity. Only this second aspect is of concern in this
paper. _

With regard to the physical characteristics of the mining activity, the agency imposes assumptions and
limitations that assure consistency with the future states requirements elsewhere in 40 CFR Part 194.
Specifically, in the supplemental information, the agency states that “the size and shape of the mine”
should conform with “existing mineral deposits that are similar in type and quality to those extracted in
the Delaware Basin.” The EPA provides the following rationale for this requirement: “The Agency basis
Jor this requirement was their consideration of the physical nature of mining activities that are currently
underway in the Delaware Basin. First, the Agency assumed that the size and shape of a mine will be
dictated by the size and shape of the mineral deposits that are to be extracted with no two mines being
alike. The mineral deposits that will be mined in the Jfuture may consist of minerals of current economic
interest, or of materials not useful or valuable in present-day terms. Without knowledge of what these
Jfuture resources might be, any attempt to predict the size and shape of the associated mineral deposits
would be speculative, as would any attempt 10 determine the size and shape of the mines used to extract
them. The Agency further recognized that individual mines are of highly irregular shape and there is
every reason to believe that deposits of minerals that are mined in the JSuture will also vary in size and be
highly irregular in shape. The Agency believes that no logical mathematical scheme exists that could be .
used to predict the potentially wide variety of sizes and hi ghly irregular shapes. In light of the
speculativeness and mathematical difficulty, the Agency has chosen to use existing mineral deposits as
"stand-ins" to be used to determine the size and shape of the unknown mineral deposits that might be
mined in the future. Thus, the final rule requires performance assessments to assume that all the
presently known mineral resources lying within the controlled area will be extracted at the single point in
time determined by the method in the final rule, discussed above.” In other words, because
implementing this requirement can lead to a great deal of speculation which the EPA seeks to prevent, the
DOE should use the existing minerals as the basis for demonstrating compliance with this requirement.
The only minerals of interest are the potash minerals that oceur in the McNutt Potash Member of the
Salado.

The discussion in the Supplemental Information clearly equates "presently known mineral resources lying
within the controlled area" to "existing mineral deposits lying within the controlled area that are of similar
quality and typw to those minerals currently extracted” (ses the last two paragraphs on 61 FR 5229). The
entire controlled area is overlain by potash mineralization. Both the thickness and purity vary spatially.
The EPA recognized that the current practice within the potash mining area is to recover those resources
that can be extracted economically. The challenge for the DOE is to assign a boundary to the extent of
mining that is consistent with the certification criterion, thus accomplishing the EPA’s goals.

In order to assign a suitable boundary, the DOE can turn to further text in the supplemental information.
In the section titled “Changes to the proposed rule,” EPA clarifies that they intend for the DOE to use
current practices as the standard for this analysis. Specifically, the EPA states: “Additionally, the

. requirements of the final rule specify the method for determining the size and shape, location and point in
time at which mining occurs. The Agency specified these items to provide clarification on how mining
should be considered and to avoid unbounded speculation that would result from the high uncertainty
regarding whether, where and how mining would occur in the Land Withdrawal area. EPA's decision
was based on a desire to include mining in performance assessment in a realistic fashion without
recourse to such unconstrained speculation. To this end, the final rule has specified that mining will
continue at the same rate as it has over the past 100 Yyears, that the area to be mined is the area that
contains mineral deposits of similar type and quality to those that are currently extracted in the Delaware
Basin, and that only the major impacts on the disposal system of mining need be considered. EPA
believes this is consistent with the future states assumptions of section 25 as they apply to the future
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-superimposed on the lease map in Figure 1 when the digitization of the enclave map is completed.) The
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activities of man.”

This clarification certainly indicates that the EPA did not intend that “all” potash be considered. Instead,
only those considered to be resources consistent with current usage of the term. Applying the EPA’s
guidance raises the question “whose estimate of resources should be used?” As stated above, the EPA’s
intent of their requirement is to use current conditions to provide estimates for future conditions. The
curreat knowledge regarding resources consists of two parts: 1) the overall resource and 2) that portion
that is economically developable today. The first part is reflected in maps and analyses published by
several agencies such as the Bureau of Land Management (BLM), the U.S. Bureau of Mines (USBM), the
U.S. Geological Survey (USGS), and the New Mexico Bureau of Mines and Mineral Resources
(NMBMMR). Determining the second part is somewhat more difficult to determine since it changes
periodically as the economics of potash changes. Mining companies file mine development maps and
plans with regulatory agencies as a means of indicating their plans for development of potash. These
maps and plans are proprietary and are not available to the public. As a substitute for actual mining plans,
the current lease map can be used as an indication of what the potash industry as a whole considers to be
ore that can be extracted. Identifying leased areas outside the controlled area is relatively straightforward.
However, since there are no leases within the WIPP site boundary, it is necessary to look at both the
published analyses and estimates, the potash development history and the areas that were considered at
one time to be viable potash properties because they were previously leased for production.

2.0 BACKGROUND

The development of potash in southeastern New Mexico dates back to 1926, with the first commercial
shipment occurring in 1931. At one time, eleven different companies were exploring for potash in the
region. A large portion of the potash minerals lie within properties owned by the Federal Government
and administered by the BLM. The BLM administers these resources under the federal Mineral and
Leasing Act of 1920 and the Federal Land Policy and Management Act. Management policy is codified
as 43 CFR Part 3000. Part of the BLM’s responsibility is resolving disputes between the oil and gas
industry and the potash industry over priority use of leases. These disputes develop because, according to
Olsen, 19932, “... exploiting petrolenm and potash at the same location would create unacceptable safety
risks for underground mining and would create petroleum production difficulties." Conflicts began
before 1939 when the first federal order designating the potash area banned oil and gas leasing. Much of
the conflict was resolved in 1987 when the oil and gas and potash industries signed the "Statement of
Agreement between the Potash and Oil and Gas Industries on concurrent Operations in the Potash Area".
The state of New Mexico incorporated the principles of the agreement into their order R-111-P. The
BLM has proposed rule changes to incorporate R-111-P into the federal system, however, the change is
still pending. Typically, the BLM resolves any resource development issues in favor of potash.

One key to understanding the BLM’s decision process is the concept of the Potash Enclave. The enclave
is an area within the boundaries established by the Secretary of Interior Order which defines the area
available for potash leasing. To qualify for enclave status, lands must contain ore that meets minimal
leasing criterion based on boreholes that are up to 1.5 miles apart. (The 1993 enclave map® will be

long-standing policy of the BLM (since 1975) is to deny requests to drill oil and gas wells from surface i
locations within the enclave. However, the current policy uses the concept of drilling islands within the
enclave for oil and gas resources that may not be available from outside the enclave. Drilling islands are

20lsen, James A., 1993, "Federal Man.né:mmt of the Potash Area in Southeastern New Mexico", in Carisbad
Region, New Mexico and West Texas, by D. W. Love et al., New Mexico Geological Society 44th Annual Field
Conference, October 6-9, 1993.

3U. S. Bureau of Land Management, 1993, "Preliminary Map Showing Distributions of Potash Resources,
Carisbad Mining District, Eddy & Lea Counties, New Mexico", U.S. Bureau of Land Management, Roswell, NM.
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permitted within the enclave when certain conditions are met as defined in the BLM’s regulations®,
Currently, the BLM enforces either a 0.25 mile barrier for oil wells and a 0.5 mile barrier for gas wells in
the vicinity of existing operating mines or a barrier that is equal to 110 percent of the depth to the mine.

The BLM maintains estimates of potash resources and reserves based on information provided by the
U.S. Geological Survey, the DOE, and operating companies. The operating company data are generally
held by the BLM as proprictary and are not available to the public. In addition, operators are required to
file mine development plans with the BLM. These, too, are proprietary and are not available for

inspection.

Estimates of the active life of mining in the area have been prepared at various times. The most recent are
" shown below and were collected by the EPA for the Background Information Document supporting the
40 CFR Part 194 Final Rulemaking. The EPA’s information reflects mining both within the Delaware
Basin and outside the Delaware Basin. In the following table, the resources of Eddy Potash and Horizon
Potash lie outside the Delaware Basin; those of New Mexico Potash, IMC, and Mississippi Chemical lie
both outside and within the Delaware Basin; and those of Western-Ag lie within the Delaware Basin.

Active Potash Mines in New Mexico Showing Estimated Capacity, Average
Ore Grade, and Mine Life at the Average 1992 Price of $81.14/st product

Eddy Potash Inc.? Eddy 550,000 18 4
Horizon Potash Co. Eddy 450,000 12 6
IMC Fentilizer, Inc. Eddy 1,000,000° 113 33
Mississippi Chemical Eddy 300,000 15 125
New Mexico Potash? Eddy 450,000 14 25
Western Ag-Minerals* Eddy 400,000 85 30

Data from ].P. Searis, U.S. Burcau of Mines, oral communication, 1993.
i M.ly not be operating at full capacity.

2 Owned by Trans-Resource, Inc.

3 Muriase, langbeinite, and sulfate combined.
4 Owned by Rayrock Resources of Canada.

5 Langbeinite only.
Certain public information is available and has been consulted for this paper. This includes property title
abstracts for the sections of land within the controlled area (which is the area inside the WIPP site
boundary), BLM lease maps, BLM reserve maps, and a mineral evaluation report prepared by the
NMBMMR at the request of the DOE. In addition, a map of current oil well drilling within the enclave
was used.

2.1 Background on leased areas outside the WIPP controlled area

The current lease holdings within the potash area® are shown in Figure 1. Typically, potash leases are
obtained as the result of exploration and as the reward for discovery. While numerous interest have
historically owned potash leases in the area, these have been consolidated through acquisition into the

“4U.S. Department of Interior Secretarial Order dated October 28, 1986 designating the Oil-Pofash Area, 51 FR
39425. _

5U.S. Environmental Protection Agency, 1996, Background Information Document, 40 CFR Part 194, Chapter
9, Tabie 9-2.

6U. S. Bureau of Land Management, 1995, "Preliminary Lease Map of the Carlsbad Mining District, Eddy and
Lea Counties, New Mexico".
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eight holding companies shown in F igure 1. Five of these companies are currently mining in the area.
One of the holding companies is an oil company.

Under current federal regulations, all mine operators are required to file a life of mine reserves LMR)
document with the BLM. This document, which is held as proprietary by the BLM, defines the proposed
extent of mining that a company plans. The LMR is used by the BLM in resolving leasing conflicts
between oil and gas interests and potash interests. Fi%u:e 2 illustrates the distribution of oil and gas wells
within the Delaware Basin in the vicinity of the WIPP’. For the most part, the wells within the potash
area are in locations determined to be barren by the Bureau of Land Management and, consequently, not
likely to conflict with potash development.

Another area of interest is the leased area directly north of the WIPP site. This area is shown as being
leased to both a potash company and an oil company. Priority for use of this area is currently under
litigation. It is likely that as long as the oil interest holds the lease, no mining will occur.

2.2_Background on potash within the WIPP controlled area

There are no active potash leases within the controlled area. A historical leasing chronology of this area
is provided in Table 1. Those leases in Sections 15, 17, and 18 were allowed to expire by their holders.
The others (Sections 16, 22, 27, 32, and 34) were acquired by the DOE in 1988 and in 1990, Based on
information recorded in title abstracts, prospecting occurred on all sections within the controlled area as
evidenced by the information in Table 1.

In 1995, the DOE requested that the NMBMMR re-evaluate the natural resource information available
for the controlled area and the area within one mile of the controlled area. This report focused on oil and
gas and potash resources and used existing data to update resource estimates used in the 1980 WIPP
Environmental Impact Statement. Figures 3 and 4 are the potash reserve estimates for this area. The
heavy line marks the ore grade-thickness product that is considered to be economic by local potash
companies. The dashed line depicts the ore grade-thickness product that is generally considered by the
BLM to be lease grade and thereby qualify a property for inclusion in the potash enclave. These are
referred to as "Lease Grade Reserves" and are defined in the 1986 Secretarial Order as criterion for
inclusion in the enclave. The following table summarizes these values based on the NMBMMR

assessment.
Reserve Type Langbeinite (Figure 3) Sylvite (Figure 4)
BLM Lease 16 contour 4% K,0 at 4' 40 contour 10% K,0 at 4'
Grade
Economic-mining | 37.5 contour 55 contour

The assumptions that were used in the NMBMMR assessment are valid for today’s potash economy and
the projections made in that report. One assumption is that the potash within the immediate vicinity of
the controlled area could (and would) be mined by extending existing facilities. If, sometime in the
future, after the cessation of active controls, the ore within the controlled area were mined, such an
activity would require a new infrastructure which would drastically alter the economics of mining.

"Westinghouse Electric Corporation, 1996, Preliminary Map of Oil Wells in the Delaware Basin, Based on Data
Collected by Petroleum Information Service Through June, 1995", Westinghouse Electric Corporation, Carlsbad, NM.

8I~11\4IBI~4IVI.R, 1995, "Economic Mineral Resources at the Waste Isolation Pilot Plant (WIPP) Site", New Mexico
bureau of Mines and Mineral Resources, Socorro, NM, March 31, 1995,
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3.0 DISCUSSION

Based on the information in the standard and the supplemental information, and on discussions with the
EPA regarding their intent for the analysis of mining, the following criteria can be established for
describing the anticipated areal extent for mining.

Criterion 1: Quantifiable evidence of resources upon which to base future estimates: The standard
requires the resources currently being extracted from the Delaware basin be “stand-ins™
for characterizing future resources that may be subject to mining.

Criterion2:  Quantifiable experience in extraction: The standard assumes that mining in the future
will be the same as it is today.

Criterion 3: Quantifiable limit on quality: EPA only requires consideration of resources that are of
similar quality to those being mined today. "Quality" in this context refers to ore of
sufficient grade and thickness to make mining economical.

In addition, several assumptions and givens are needed to formulate an extent of future mining.

Assumption 1: Mining within the controlled area is independent (from a feasibility viewpoint) of mining
outside the controlled area. It is likely that all ecconomically extractable potash outside
the controlled area will be removed by the end of the active control period. This situation
is assumed not to affect the chance of mining within the controlled area.®

Assumption 2: Mining inside the controlled area will not occur within the first 100 years after
decommissioning. Since this is the active control period, mining will be deterred.

Assumption 3: Mining technology will be the same. This means that methods used today will be used in
the future and those methods that are not economic today will be avoided in the future.

Assumption 4: Only those potash zones being mined today will be mined in the future. Currently
uneconomical zones will not be mined; however, all currently economic potash will be
extracted from the ore zones being mined today.

Assumption 5: - The economics of mining today and not the presence of minerals will dictate the extent

of mining. Specifically, the current economic extraction contour will be used as the
indicator of the extent of future mining.

Assumption 6: The presence of the two hydrocarbon holes within the controlled area will have no impact
on the future development of mineral resources. Without this sim lphfyu:lg assumption
significant portions of the minable reserves would be thrown out.

This assumption is conservative since, in reality, based on the NMBMMR report, the construction
of a mine and mill results in a net financial loss from mining within the WIPP and the one mile area around
the WIPP. The case of constructing a mine and mill for mining the reserves within the controlled area alone
was not run by the NMBMMR, however, the reduction on minable resources associated with the smaller area
would only exacerbate the loss.

101n reality, the presence of these bore holes and the assumptions with regard to future drilling have
the potential to significantly reduce the extent of mining in the future if one assumes that requirements for
buffer areas between d:illingandminingarcimposedinthcfuﬂn‘easthwaremdzy
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Assumption 7: The term “quality” in Section 194.32(b) is interpreted to refer to the economics of
mining. That is, the phrase “resources of similar quality” means “resources of similar
grade and thickness”. Specifically, this is the 37.5 grade-thickness contour for
langbeinite and the 55 grade-thickness contour for sylvite.

Assumption 8: Beginning in 1993, there are no more that 50 years of minable potash reserves in the
Delaware Basin portion of the Potash Area. Even though one company reports up to 125
years of active mining, most of that company’s reserves are north of the Delaware Basin.

Finally, data sources need to be summarized since they form the basis for determining v}hat areas meet
the criteria. Three primary sources of potash data exist. These are the NMBMMR study, the BLM map,
and the leasing histories. g

. The NMBMMR report provides a snapshot (as of 1995) of those resources that are economic to
recover under the assumptions made in the assessment.

. The BLM map shows the extent of resources that are of lease quality and that have been offered
for development.

. The leasing history shows those areas that have been traditionally considered worth rcfain.ing by

companies for future development in the area!!.

In addition, a fourth source of data that is important is the hydrocarbon drilling record associated with the
area outside the controlled area. Since buffer zones are required between drilled areas and present or
future mined areas as discussed above, this factor will be used to reduce the amount of leased area

* outside the controlled area that may be mined in the foresesable future.

4.0 RECOMMENDATIONS

The recommended extent of mining for the area outside the controlled area is depicted in Figure 5.
This area represents the currently leased area less areas that are precluded from mining by the presence of
existing hydrocarbon holes. Hydrocarbon hole barriers are set at either 0.25 miles for shallow oil, 0.5
mile for holes deeper than 5000 feet, or 110 percent of the depth to the mine. The use of leases is
justified since the actual grade-thickness information is not available (since it is proprietary information)
and the BLM lease grade map bounds the economic mining areas. In addition, areas that are known to be
barren of resource grade potash and are not leased as shown in Figure | have been excluded. (Note, once
the BLM map is digitized, mined out areas can also be excluded as well as Jeased areas that are barren.)
No effort was made to distinguish between the various ore zones on this map. An average mine height of
6 feet should be used.

Three possible interpretations for the extent of mining inside the controlled area are shown in Figures 6,
7,and 8. These have been compiled from the three sources mentioned above. Figure 6 shows the most
conservative interpretation based on the BLM lease map. This map, however, includes a significant
volume of potash that is not minable under today’s economic conditions. Figure 7 shows areas that have
been previously leased for potash mining. Note that Section 32 has been deleted since it is shown to be
essentially barren of lease grade potash on the BLM lease grade map in Figure 6. This area is most
consistent with the approach used to identify the extent of mining outside the controlled area. However,

! 1I..t':zlsing history is particularly important within the controlled area since there are no current leases
to indicate what a mining company would consider for mining or what may be included in a life of mine plan.
Such leases did exist recently. However, as indicated in Table 1, the DOE purchased these leases as part of

the process of preserving the controlled area.
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the lease approach was used outside tlfé controlled area due to the lack of sufficient data to draw a more

precise boundary. Figure 8 depicts afmore precise area based on the most current interpretation of what

are economically viable potash l€ases. Figure 8 is the recommended area for use in the analysis'?,

Because of the detail available iﬁ?ﬂ?background information, the area has been divided into sections that

- may be mined for langbeinite, sections that may be mined for sylvite, and sections may be mined for both.

The parameters for mining should be as depicted in the following table, based on information in the

NMBMMR report.

Mining Method Mine Jayout Mine height Exgaction
atio

Langbeinite (4th ore zone) | Conventional Room and pillar 4 to 8 feet 60 percent

Sylvite (10th ore zone) Continuous Long panel 4105 feet 80 percent

The area in Figure 8 is based on the “55" and “37.5" contours in the NMBMMR report.

12The contours in the NMBMMR report are the result of a specific contouring program used by the
investigator. Other interpretations are possible using different packages or by contouring without the use of
software. This paper simply acceptsthemicdonebytheNMBN&dRasavahdmpmmtahon of the data.
Other equally valid representations may exist and may be of interest in the evaluation of the impacts of

mmmg
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TABLE 1: HISTORY OF POTASH PROSPECTING AND LEASING ON THE WIPP

SECTION

15: All

16: All
17: All
All
All
18: All

Lots1234
B%XW'4, B4

19: All
lots1234
WKEY,
ExBWY,
SEYSEY

20: All
All

21: All

22: SWYSEY,,
NWKSE%

NWYSEY

TOWNSHIP 22 SOUTH RANGE 31 EAST

SERIAL NO.
LC047600(Pot. Per.)
LC065503(Pot. Per.)
NMO11422(Pot. Per.)
NMO11812(Pot. Per.)
NMO075014(Pot. Per.)
M-14957-1(Pot. Les.)
LC065504(Pot. Per.)
NMO11813(Pot. Per.)
NMO094314(Pot. Per.)
LC065506(Pot. Per.)

NMO057290(Pot. Per.)

NMO8285(Pet. Per.)

NMO02535(Pot. Per.)

NMO8285(Pot. Per.)
NMO0384583(Pot. Per.)
NMO08285(Pot. Per.)
NM384583(Pot. Per.)

LCO045236 (Pot. Per.)

NMO08285(Pot. Per.)

NMO0384584(Pot. Per.)

SITE

DATE OF

ACTION STATUS

56733 Canceled 9730736

377/50 Canceled 5/29/54

127/54 Canceled 6/30/54

121/57 Expired 11/21/59

513160 Lease issucd 7/1/64

2/4/67 DOE Acquired Lease 3/4/88

1/16/50 Canceled 5/29/52

4r7/s8 Expired 477/60

8/1/60 Lease Issued 7/31/64, Lease Relinquished
1222772

12/14/54 Expired 12/14/56

10/28/59 Lease Issued 1/1/64, Lease Relinquished
122272

9/18/56 Lease Expired 9/18/60

6/1/67 Leasc Terminated 8/31/68

9/18/56 Lease Expired 9/18/60

121/63 Lease Expired 1/9/68

9/18/56 Lesse Expired 9/18/60

12/1/63 Lease Expired 1/9/68

5/23/32 Canceled 6/2736

918/56 Lesse Expircd 9/18/60

9/1/63 Leased 11/1/67, Lease Acquired by DOE
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TABLE 1: HISTORY OF POTASH PROSPECTING AND LEASING ON THE WIPP

SITE
TOWNSHIP 22 SOUTH RANGE 31 EAST (Continued)
DATE OF
CTION TIAL NO ACTION STATUS
27 NWY% . LCO47927(Pot. Per) 5/14/48 Canceled 6/13/51
NW% NMO0214(Pot. Per.) 10127/55 Expired 1027/57
NW% - NMO08285(Pot Per) 9/18/56  Expired 9/18/60
NEY NMO038266(Pot. Per.) 7129/59 Expired 7/29/61
27:SW%SEY%  NM0221(Pot. Per) 4123/56 Expired 4/23/58
SWY%SE%  NMO045331(Pot. Per) 129159 Expired 7/29/61
L] "
All NM0384584(Pot. Per.) 9/1/63 Leased 11/1/67, Lease Acquired by DOE
28: All NMO0384583(Pot. Per.) 12/1/63 Lease Expired 1/9/68
29: All NMO384583(Pot. Per.) 12/1/63 Expired 11/30/67
30:Lots 1234  NMO38136(Pot. Per.) 7129159 Lease Expired 9/13/61
E%WY%,
SEY
Lots1234  NMO0359163(Pot. Per.) 6/1/63 Expired 5/31/67
NEY%,
E%W4%,
WY%SEY
Lots1234  NM2535(Pot. Per) 6/1/67 Lease Terminated 8/31/68
NE%,
E%WY,
WIYSEY
. 31:Al LC045662(Pot. Per.) 10/11/32 Canceled 6/2/36
Al LC066113(Pot. Per.) 1/5/55 Expired 1/5/57
Lots 1234  NMO038136(Pot Per) 1129/59 Expired 9/13/61
, E%W%,
EY (All)
32: All M-14957(Pot. Les) 24167 Lease Acquired by DOE 3/4/38
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TABLE 1: HISTORY OF POTASH PROSPECTING AND LEASING ON THE WIPP

- SITE
TOWNSHIP 22 SOUTH RANGE 31 EAST (Continued)
DATE OF

SECTION SERIAL NO. ' ACTION STATUS
33: Al LC045661(Pot. Per.) 1021732 Canceled 323737

Al NMO359161(Pot. Per) 6/1/63 Expired S/31/67

All NMO02534(Pot. Per)) 91167 Terminated 8/31/68

Al NM10409(Pot. Per.) 21770 Expired 131/72
34: NEY, LCO47602(Pot. Per) 5126133 Canceled 93036

NWK,

NE%SWi4
NWY%SW%  NM0384584(Pot. Per) o163 Leased 11/1/67, Leasc Acquired by DOE

Pot. Per. = Permit for potash exploration
Pot. Les. = Potash lease

Reference: Abstract No. 29990 and 29989
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Figure 3

Langbeinite Reserves Based on NMBMMR.
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Fgure 4
Sylvite Reserves Based on NMBMMR.
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Appendix NS11.3 Particle Tracking Study

The 96PA includes an activity in which the sensitivities of the outcomes to input
parameters are estimated. For most parameters this is expedited by the fact that they
consist of values that range in some manner from a low value to a high value, with
associated means and standard deviations. The T-field vector series is not such a
parameter.

The T-field vector series encompasses two subseries, each of 100 distinct ‘maps’ of
hydraulic conductivity over the region within the Culebra that is modeled by
SECOFL2D. These maps are the configurations of hydraulic conductivity that are
used by this groundwater flow program. Series A represents the hydraulic conductivity
configurations as influenced by the ‘full-mining’ case (also referred to as the ‘disturbed
performance’ case). Series B represents the hydraulic conductivity configurations as
influenced by the ‘partial-mining’ case (also referred to as the ‘undisturbed
performance’ case).

Since the subseries represent configurations, it is not a straightforward effort to
incorporate them into the sensitivity analyses. A ranking must somehow be imposed
on each subseries to order the individual configurations. The option favored for this
ranking is the travel time option. In this approach, steady state runs are first performed
of SECOFL2D for both regional and local domains, for all T-fields, as required for the
PA. Particle tracking is then conducted for each model run, and the T-fields are ranked
according to the particle travel times.

These particle tracking runs are performed assuming equivalent porous media flow,
with a constant porosity of 0.16. In the full PA, dual porosity transport is assumed,
and the porosities vary from one realization (and therefore, configuration) to the next.
Therefore, these calculated travel times do not represent expected actual travel times.
In fact, these calculated travel times can differ significantly, by as much as several
orders of magnitude, from expected actual travel times. However, they are appropriate
for calculation of sensitivity parameters relative to darcy fluxes.

These calculated travel times have specific limited purposes, including:
Ranking of T-fields for PA sensitivity analyses.

2. Diagnostic tool for review of SECOFL2D results and to aid in iterative
grid/model design.

3 Design tool to aid in auxiliary analyses, such as sidebar calculations (FEPS).

4. Stochastic tool for estimation of dispersion properties.

Purpose #4 necessitated that a spread of particles be tracked for each configuration.

Otherwise, it might have been acceptable (although not perhaps ideal) to merely track
one particle for each configuration, as was done in the 92PA. In that study, the single
particle was released from the center of the waste panel footprint (within the Culebra).

SWCE-A 1 .2.07.3:PA:QITI‘1’f0 rm atiO n O n ly




Particle tracking was done using the TRACKER code. TRACKER develops particle
tracks and travel times by first reading in darcy velocities, gy and qy (m/s), from the
CAMDAT data base for each SECOFL2D run (and its corresponding T-field
configuration). An origin cell is specified for each particle. The thirteen cells that
extend from the west end to the east end of the waste panel footprint, centered at its
midpoint, were selected for these origin locations, as shown in Figure 1. Exit boundaries
are also specified. The exit boundaries used represent the southern, eastern, and western
LWB. Constant time steps of ~ten years were specified for each tracking calculation.
Simulations were run until each particle crossed an exit boundary, or for a simulated
time of ~1le6 years, whichever came first.

For Replicate 1, a total of 2600 individual particles were tracked; thirteen per
configuration, with two subseries of 100 configurations each. In addition, 1300
individual particles were tracked for the no-mining case.

For each configuration the mean and variance of the thirteen travel times were
calculated. For each subseries, a mean and standard deviation (of the configuration
means) of the travel times were calculated. Table APNS11.1 contains the summary
population statistics. Tables APNS11.2, APNS11.3, and APNS11.4 summarize all of
the travel times and the associated statistics for the individual cases.

Table APNS11.1 Summary Statistics for the Three Flow Cases,
each based on a population of 1300 travel times

Case Mean Travel Time | Standard Deviation | Coefficient of Variation
(years) (years)

no-mining 12,577 41,854 3.33

partial-mining 26,911 50,085 1.86

full-mining 70,565 111,090 4.17

The travel time results are summarized graphically in Figures 2 through 4 corresponding
to the three subseries. In those scatterplot figures, travel times are plotted along the y
axis and rankings along the x axis. The configurations are ordered according to
magnitude of mean travel time. For each configuration all thirteen travel times are
shown (see legend), as well as the mean travel time.

As can be seen, both mining subseries show a total range of travel times covering at least
two orders of magnitude. Spreads of travel times for individual configurations can
range from relatively narrow (<1 order of magnitude) to relatively large (1 order of
magnitude <= spread <=2 orders of magnitude). Generally the full mining subseries has
a greater range of travel times for any configuration that the other subseries. The no-
mining series has the narrowest range of travel times. Examination of the travel path
figures shows a correspondingly greater range in flow directions for the full mining case
than for the partial mining case.
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Figure 5 shows the total distributions of travel times for the three cases. Some trends are
immediately apparent. First, there appears to be a lower limit to the travel time ranges,
of about 2,000 years. This limit seems to hold for all cases. Possibly this time reflects a
minimum length of Culebra, unaffected in all cases by mining, through which the
particles must first pass before they reach zones of higher conductivity, given the current
range of trajectories.

The second trend is an apparent trimodality of the results. This is believed to be a result
of three distinct preferential flow domains, that persist through a majority of the K
realizations. The apparent mode, associated with the travel times in the 25,000 year
range, is possibly associated with flow paths that lie slightly west of the original ‘high T’
zone. They go in the same general direction of that zone but lie in a lower-K region to
the west. They are prevented from an even more westerly path by an extremely low K
band that lies in that direction. The 200,000 year travel time grouping is probably
associated with particles that actually penetrate through that low-K zone and exit via the
western LWB. The 5,500 year travel time grouping is likely associated with particles
that approach or reach the high-T zone. Their paths are likely similar to the 20,000 year
group, except slightly to the east.

To confirm this, one would have to examine the bulk of the 3,900 particle track plots.

Therefore, these conjectures should not be relied upon as a definitive interpretation at
this time.
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Table APNS11.2

magw, rib, 10-13-96 Travel Times (years) of 13 Particles from a Constant Line of Release Points No Mining Effects
[ line is E-W, penetrating midpoint of waste panel area. [ | file is Microsoft Excel

spring/96 release points are equally spaced along this line. constant porosity = 0.16 Wallace PC |

grasp{ rep #1 exit boundary is the LWB. data sorted by mean travel time C:\data\paramete\minp_{ac\virtimes\virgin4.xis

t-field] cca | new PARTICLE NUMBER

index| run & | rank #1 #2 #3 #4 #5 #6 4 #7 #8 #9 #10 #11 #12 #13 mean std dev var

— — — ——————

40 30 1 2507 1778 1626 1974 1990 1787 1692 1660 1733 2256 3131 5007 6781 2609 1560| 2.43E+06
B0 86| 2 3961 4088 2681 2456 2396 2380 2459 2751 2849 2624 2728 3042 3454 2913 574| 3.30E+05
16 59| 3 3007 3162 3708 2937 2922 2513 2180 2909 3128 3112 3264 3083 2988 2993 361| 1.30E+05
17 55| 4 3644 2861 2507 2329 2484 2798 2735 2554 2415 2215 2069 5355 7035 3154 1445| 2.09E+06
44 12| 5 2839 2630 2351 2538 4722 3549 2795 2437 2320 2449 3029 3834 6654 3242 1241| 1.54E+06
25 49 6 4658 4690 4405 4310 4310 3993 3676 3803 3581 3422 3048 2627 2389 3762 740| 5.47E+05
9 31 7 5133 5038 4658 3612 4341 4500 4151 3612 3327 3264 2909 2827 2684 3851 841| 7.07E+05
67 43| 8 4215 3486 3644 3898 5577 4658 4215 3644 3644 3834 3898 4595 4595 4146 587| 3.45E+05
3 89| 9 6052 4943 4626 4975 4848 4626 4468 4310 4278 3929 3803 3612 3359 4449 704| 4.95E+05
31 66| 10 8049 5260 3929 4024 4595 4468 4278 4119 4088 4151 4056 3708 3454 4475 1159| 1.34E+06
38 24| 1 5767 6116 6750 6654 4912 4405 3961 3612 3486 3422 3327 3099 3359 4528 1354 1.83E+06
58 56| 12 6813 6464 5831 6559 5387 4341 4183 4056 3771 3327 2985 2621 2614 4535 1517| 2.30E+06
71 5| 13 3961 3200 3993 3961 4500 4753 4722 4373 5767 5419 5292 5165 5165 4636 729| 5.31E+05
19 63| 14 3612 3612 3391 3169 3232 3143 3064 3166 3803 6433 6686 6559 11123 4692 2389| 5.71E+06
a1 78] 15 6211 6116 4722 5070 5165 4722 4088 5229 3708 4151 4405 4436 4373 4800 748| 5.60E+05
45 57| 16 3169 3036 4183 4753 5640 5736 6211 5767 5894 5165 4373 4405 4753 4853 1012| 1.02E+06
96 45| 17 4690 4912 5229 4975 5260 5387 5577 5260 7130 5799 3834 2732 2570 4873 1230| 1.51E+06
63 28| 18 9570 9475 7130 6306 5038 4595 3200 3296 3644 3929 2915 2846 3115 5005 2398| 5.75E+06
39 87| 19 7542 7225 6116 4595 3676 3929 5450 5894 4722 4310 4785 4436 3232 5070 1313[ 1.73E+06
7 93] 20 8556 7605 6179 5419 4785 4246 4405 5989 4690 4183 3866 3517 3264 5131 1581| 2.50E+06
86 3] 21 3644 2659 2367 4785 5640 6243 5957 5799 6052 6464 7352 7542 3169 5206 1729| 2.99E+06
76 9] 22 6591 10204 7542 5640 4373 4119 4151 4183 4405 4848 4310 3866 3739 5229 1873| 3.51E+06
48 34| 23 4531 3961 3644 3422 3644 3834 4151 4468 3739 4563 7985 10489 9823 5250 2468| 6.09E+06
64) 100 24 4531 3961 3644 3422 3644 3834 4151 4468 3739 4563 7985 10489 9823 5250 2468| 6.09E+06
30 42| 25 4056 3929 3676 4183 4626 4436 4626 5292 7605| 7669 6084 6496 6781 5343 1417| 2.01E+06
32 58| 26 3486 3549 3961 4151 4690 5324 5133 4848 4848 6876 5926 7859 9126 5367 1690 2.86E+06
81 38| 27 B556 8080 5419 5229 5482 5229 5102 5704 4563 4151 3834/ 4056 4753 5397 1424| 2.03E+06
93 82| 28 3137 2855 2510 2437 3200 4658 4373 8841 8904 8366 9158 7637 5355 5495 2694 7.26E+06
59 77| 29 4373 4373 8746 5831 3644 4024 5704 8397 7225 6147 3676 3121 6781 5542 1854| 3.44E+06
46 11| 30 6179 9887 5450 5165 4975 5038 5102 5070 5038 5419 5640 5324 5165 5650 1315| 1.73E+06
21 39 31 5419 5926 4690 4912 4722 5038 6116 6718 6306 6084 5989 6021 6274 5709 671| 4.50E+05
62 4] 32 7257 7510 6940 6623 6401 6084 6401 6813 5862 5007 4531 4310 3517 5943 1234| 1.52E+06
69 67| 33 5799 5577 5482 5419 5355 5260 5229 5229 5450 6211 7035 7320 8524 5991 1021| 1.04E+06
82 46| 34 7003 6845 6718 6496 6243 6052 5862 5736 5862 7573 5450 4753 4500 6084 873| 7.62E+05
28 80| 35 9728 8144 6940 6971 6940 6243 6686 4943 4943 4880 4753 4753 4880 6216 1554 2.42E+06
87 37| 36 5450| 4088 3581 3644 4183 6052 5324 5038 4690 3803 3803 18854 14545 6389 4723 2.23E+07
14 13| 37 6813| 6464 6623 6908 7257 7288 7066 6369 6052 5894 5926 5894 5704 6481 556| 3.09E+05
49 16| 38 4658 4024 4024 3993 4183 4500 5640 6908 9506 11851 8176 8176 9031 6513 2613| 6.83E+06
23 20| 39 5355 7510 6084 5736 5609 5450 5324 5070 7098 6116 5387 8080 13721 6657 2318| 5.37E+06
4 79| 40 4880 5324 7827 8239 7288 7066 7478 6845 6971 7890 6908 6338 6338 6876 972( 9.45E+05
90 98] 41 9126 8809 8334 7859 7669 7573 7447 7732 6179 5387 4658 4246 4753 6906 1661| 2.76E+06
35 19] 42 8809 8587 8239 8397 8619 8778 8271 6781 6084 6116 4912 4436 3834 7066 1808| 3.27E+06
33 33| 43 9918| 19742 9823 9665 7288 6084 5767 5450 4658 3993 3676 3771 3898 7210 4433| 1,97E+07
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Table APNS11.2

mgw, rib, 10-13-96 Travel Times (years) of 13 Particles from a Constant Line of Release Points No Mining Effects
| line is E-W, penetrating midpoint of waste panel area. | 1 file is Microsoft Excel
spring/96 release points are equally spaced along this line. constant porosity = 0.16 Wallace PC [
grasp{ rep #1 exit boundary is the LWB. data sorted by mean travel time C:\data\paramete\minp_fac\virtimes\virgind.xls
tfield] cca | new PARTICLE NUMBER
index| run # | rank #1 e #3 #d #5 #6 #7 #8 #9 #10 #11 #12 #13 mean std dev var
57 32| 44 14070 7827 7383| 6845 6908 6876 7035 6528 6274 6052 6243 6496 5419 7227 2144| 4.60E+06|
6 7] 45 7827 5926 5355 5133 4975 5133 17714 6876 6211 6147 7257 7700 8302 7274 3330 1.11E+07
89 99| 46| 11249 8176 6971 17904 8334 7257 6052 5545 5799 5577 5102 4563 3866 7415 3694| 1.36E+07
12 84| 47 6243 6750 6559 6750 7225 8999 10647 8999 7922 7795 6274 6147 6559 7452 1370] 1.88E+06
72 76| 48 6940 6464 6179 5831 5577 5862 6243 6369 6147 5989 6433 13721 18696 7727 3914| 1.53E+07
26 14| 49|  10235| 10647 7352 7162 7320 8904 11915 10647 8239 6401 5324 4975 5133 8020 2307| 5.32E+06
43 91| 50 6623 6813 7510 8556 8619 B176 7985 7985 8080 8524 9031 10679 9633 8324 1084| 1.17E+06
34 65 51 8651 13499| 1000000] 1000000] 31308 8144 7415 7193 6591 6654 6654 6845 7003] 162304 7682] 1.38E+11
98 73| 52 8366 7573 7193 8112 8809 10330 10806 9728 8873 8112 8049 7605 7985 8580 1098| 1.21E+06
52 83 53 8239 9063 8334 6971 6623 7035 7859 9221 9316 9665 10140 10172 10806 8726 1339] 1.79E+06
84 21| 54 8334 5704 7257 8714 8271 7795 7510 8080 10140 8746 8144 12644 13246 8814 2090/ 4.37E+06
41 10/ 55 5736 6464 7510 7447 7288 8271 8841 8778 8714 9570| 14925 10932 11503 8921 2427| 5.89E+06
75 15/ 56 3517| 2903 2456 2789 17302| 14672 16414 11851 9728 9158 8619 8619 8683 8978 5113 2.61E+07
65 69| 57 14513 7415 6591 8144 B366| 12422 7225 6211 6211 6908| 12168] 11630 9760 9043 2771| 7.6BE+06
68 50| 58 15179] 15020] 13594 12263 6433 5767 6528 8366 9253 7764 6369 5767 5514 9063 3661| 1.34E+07
66 53| 59 17175  16002| 15686 9158 8619 7510 6940 6179 5514 5640 6021 6940 7415 9138 4223| 1.78E+07
5 68| 60 7447 7320 7320 8397 9538 9380 9063 9380 10520 10013 10584 10711 10235 9224 1247/ 1.55E+06
8 41| 61 6179 7985 9190/ 11725/ 15052 9380 9285 9221 9253 9190 9158 8904 8461 9460 2062| 4.25E+06
78 75] 62 9031 8968 9633 9190 8999 8936 8714 8556 9348 11788] 10204 9665 10964 9538 940| 8.83E+05
10 47| 63 10235] 10299] 10109 5736 4531 7035 17017 14038 12707 10806 8334 8080 6718 9665 3492| 1,22E+07
54 6| 64 6845 8239 9285| 10235/ 10806] 10235 10109 10489 10362 9665 9475 9918 10267 9687 1076] 1.16E+06
15 20| 65| 10330/ 10679] 11503] 11248] 10362] 10013 10172 10489 9728 9316 9031 8207 7193 9867 1195| 1.43E+06
51 70| 66| 11154] 16351 20629 18411 14735 10742 10235 7003 5831 4436 3771 3644 3549 10038 5962| 3.55E+07
53 40| 67 6971 6084 5609 5102 4563 3898 3581 5070 10996 12073 12644| 19615| 37709 10301 9449| 8.93E+07
2 2| 68 11123 9950 9411 9063 8873 8841 8873 9094 9506 10362 12675/ 16890| 23386 11388 4246/ 1.80E+07
27 35 69| 14418 10806 9633 10045 11566 11756 11059 11091 12010 11946) 11471 11313 11154 11405 1138 1,29E+06
95 17] 70 12232 11091 10837/ 11313 11820 11408 11059 11091 11946 17460 13658 11883 10394 12015 1825 3.33E+06
85 85| 71 25921 20217 17207 15749 12041 14767 6845 5926 6243 9094 8873 8904 10457 12480 6013| 3.62E+07
94 92| 72 19425 16414] 12580 10330| 11534 13119] 12834 12644| 12548 12105 11123 10647 10013 12717 2590| 6.71E+06
92 23| 73 7162 6147 6559 6591 7288 10267 16319 19963 19773 19330 16890 17428 15147 12990 5690/ 3.24E+07
20 54| 74 18474| 18886 18284 16605/ 14640 11091 8936 8651 9855 11281 11566 11281 11344 13146 3737/ 1.40E+07
100 90| 75 10261 9841 9885 10596/ 10590] 10938] 13435 16429 18659 17849| 14366 13558 14939 13181 3110/ 9.67E+06
99 8| 76/ 23196] 23449 18759 12897 10013 7700 6369 6496 8017 7383 17017 14228| 17555 13314 6212| 3.86E+07
61 61| 77| 20122] 19425] 18696| 14481 11186) 11154] 11154 11313] 11820 11725/ 11059 10552| 10552 13326 3617| 1.31E+07
37 97| 78| 28139 19837] 19615] 28614 14418 10299 8587 7890 7383 7732 8080 8176 8936 13670 7831| 6.13E+07
22 22| 79| 23481 22403| 21706 19361 16256 12834] 11249 9982 9158 8683 7985 7985 8999 13853 5969/ 3.56E+07
29 26| 80 11851 16161 22625| 18633 10235| 10425 9348 14798| 24970 27474 6496 6971 12517 14808 6805| 4.63E+07
18 60| 81 20471 15210] 16288] 14608 14418 13879] 14291 16383 13404 15971 14957 13911 13372 15166 1888| 3.56E+06
60 62| 82 18538 18759 19647| 18094 16573] 15907 15464 15274 15400 15337 14355 14038 14513 16300 1855 3.44E+06
56 74| 83 17460 36441 22594 15305 13277| 12485 12041 11820 12105 12168 9190 14957| 22625 16344 7283[ 5.30E+07
42 44| 84| 36758] 27315 22182 18696 16478| 15495 14101 13372 13911 9411 7605 8556| 12612 16653 8139/ 6.63E+07
11 64| 85 11154 18886 18664 18442] 22910 26301 18284 11503 11661 11503] 19393 15844| 16541 17007 4672| 2.1BE+07
70 52| 86| 25459] 24019 24012| 26349 17119 14201 14710 15785 15965 14645 15039] 17657| 11156 18163 4995/ 2.50E+07
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Table APNS11.2

[mgw, rlb, 10-13-96 Travel Times (years) of 13 Particles from a Constant Line of Release Points No Mining Effects
| line is E-W, penetrating midpoint of waste panel area. | | file is Microsoft Excel

spring/96 release points are equally spaced along this line. constant porosity = 0.16 Wallace PC |

grasp{ rep #1 exit boundary is the LWB. | data sorted by mean travel time C:\data\paramete\minp_fac\vitimes\virgind.xis

t-field| cca | new PARTICLE NUMBER

index| run # | rank #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #1 #12 #13 mean std dev var
36| 1| 87 7542 8049 8746 11408| 13626 15464| 22689| 25129| 30959| 24748| 25541 26333| 24939 18859 8237| 6.78E+07

1] 36| 88| 22689 18854| 16763| 15971 15337| 14577| 13436] 16351 20471| 22308] 22910 24558 25667 19222 4102| 1.68E+07

73| 88| 89| 39927 30959] 23544] 23417] 19615 17397| 16668] 18601 17809 12168 9697 9792| 10299] 19222 8776| 7.70E+07

79 18| 90 67496 27981 24875 19266 16668 14260 14006 13246 13151 12517 12137 10362 6781 19442 15540| 2.41E+08
47 72| 9N 20312 12739 11313 9538 10109 19456 28202 38976 35491 33589 32956 30737 30135 24120 10619| 1.13E+08
74 51| 92 22435 21675 21770 30642 34857 28963 28773 28868 28393 24527 20629 19330 19995 25450 4894| 2.39E+07
55 81| 93 38026 27695 79220 75735 22910 18379 23576 17080 15654 15464 8049 4626 3771 26937 24301| 5.91E+08|
88 27| 94 24970 22784 28614 38976 29407 26206 20375 25889 24178 23088 27664 36124 28107 27483 5151| 2.65E+07
50 25| 95 21896 27917 30357 29692 28519 27188 27790 28773 29185 29723 31276 39293 39927 30118 4777| 2.28E+07
83 48| 96 25794 25002 25350 33272 23354 27505 38976 44046 51968 34857 30167 28139 26301 31903 8561| 7.33E+07
24 96| 97 38343 41828 49750 32956 31688 26269| 26808 26745 27822 33272 37392 46581 46898 35873 8307| 6.90E+07
97 95| 98 3834 3803 3739 3708 3644 3612 3708 4722 23449 5926 4912 4278| 462646 40922| 126826| 1.61E+10
77 71] 99 40878 35174 32639 33906 36441 41195 43096 47215 48800 46265 43413 43413 43096 41195 5181| 2.68E+07
13 94| 100 37075 27474 29026 32639 40244 96649 40561 32005 34540 79537 67179 24463 14450 42757 23700| 5.62E+08

summary mean, std. dev.: 12577| 3964.428
coefficient of variation 0.315212
mean of total population 12577
std. dev. of tot. pop. 41854.35
skewness of tot. pop. 21.23466
coeff. of variation of tot. pop. 3.32784|
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Table APNS11.3

imgw, rib, 10-15-96 Travel Times (years) of 13 Particles.from a Constant Line of Release Points. | Partial Mining Case
line is E-W, penetrating midpoint of waste panel area. constant porosity = 0.16 file is Microsoft Excel
release points are equally spaced along this line. | 1 Wallace PC |
graspfinv | rep1 exit boundary is the LWB. data sorted by mean travel time C:\data\parame\minp_fac\pmtimes\.parmin3.xis
original | original | new PARTICLE NUMBER
T-field # |ccarun #] rank | #1 #2 #3 #4 #5 #6 #7 #_| #9 #10 #11 #12 #13 | mean stm;na;.i var
31 66 1]  4722] 5165] 6654] 4215] 3422] 3422] 3232 3017] 2966 2088 2855] 2681] 2659 3692] 1187| 1.41E+06|
40 30 2| 4753 3549 2808| 3166| 3929] 3150] 2836 2630| 2545] 2861 3961| 5514| 7732| 3803|  1471|2 16E+06|
30 42 3| 23s9| 2199] 2101| 2478| 2773| 3771| 3866 4436 5736| 6338| 5229| 4975] 5102 3953 1462 2.14E+06|
64 100 4| 7575 5167| 4043| 3596| 3708| 3778| 3805] 4195] 3510] 3740] 4460 6018] 5647| 4557  1217] 1.48E+06
48 34 5| 7795 5229| 4056| 3612| 3676] 3771] 3803| 4151] 3581] 3739| 4436| 5989 5736| 4583|  1267| 1.61E+06
87 37 6 7827| 7985| 7B59| 5102| 4658| 4500 4468| 4531| 4215 3391] 2361| 3391] 4373] 4974]  1805| 3.26E+06
9 31 7| e528] 6401 5482] 4912 4278 7003| 6876| 6559] 65577| 3866] 3140 3020( 2795 5111 1547| 2.39E+06|
38 24 8| 7985 7415 6501| 7257| 5577| 5102| 4785] 4626| 4595 4341| 3486 3327| 3739| 5294  1556| 2.42E+06
32 58 9| 3131 3486 3834] 3803 4024] 4595| 4215 3866] 4785 7003[ 7764] 9411| 11059 5460 2529| 6.39E+06
62 4| 10| 5862| 6052| 6274 6750 6908] 5450| 4753| 4943| 5057| 5767 4943| 4056| 3517|  5480] 1002 1.00E+06
19 63| 11| 7542| 7257| 6654] 5989 5482| 4975 4373 4088] 3834 4119] 4531 5229] 7732| 5523]  1385| 1.92E+06
86 3] 12| 6401| 5292| a771| 3454] 5767| 6464] 6147 5804] 6211| 6433 6654| 7066] 3929| 5653| 1188| 1.41E+06
71 5| 13| 6433| 4278| 4278] 4563] 5007| 4753 5133| 4943] 6338 6718] 7162 7035| 7193 5679] 1145 1.31E+06
21 39] 14| 8207] 7954| 6654] 5450] 5260| 5545 5450] 5514 5894| 5799] 5B62| 6052 5926 6121 940| 8.83E+05
45 57| 15| 5894 3866 4088| 4246| Q961 3961| 4088] 5640 13974] 11218 7383| 5767| 5704| 6138  3109| 9.67E+06
44 12| 18| B049| 7008| 6147| 5767| B556| 7800| 5831| 4975| 4658 4658 5165] 5545| 6464| 6216  1316| 1.73E+06
63 28| 17| 10489 10394] 9004| 6718| 5450 4341| 4341 4722 5482 5989| 4531] 5102] 4310| 6228 2280| 5.20E+06
16 59| 18| 6401| 6116| 6433| 6750] 6654| 6433] 4943| 4943| 5862| 6591| 7066] 6591| 6369 6243 645| 4.17E+05
91 78| 19| s5419] 5197| 5387| 5804| 5804 5038| 6116] 8397 5419 6686] 7352| 7732 7573| 6316 1114] 1.24E+06
17 55| 20| 0538| 0a348| 0B23| 6781] 6433| 6813| 6686| 6401 6179 5862| 3708| 2789] 4373] 6518]  2145| 4.60E+06|
43 91| 21| 9316| 7288| 5989] 4785 4658| 4722| 4785 4975] 5640 7415 7288] 9158| 11756 6752 2229| 497E+06
28 80| 22| 9792| 9506 9094| 8873| B8461| 9285 9506| 4373 4246| 4468| 4658 4405 4500| 7013| 2499 6.25E+06
46 11| 23| 7985| 14481| 7225| 6623] 6306] 6116] 6116] 6084] 6021| 6433| 6496| 5989 5799| 7052|  2309| 5.33E+06
7 93| 24| 7669| B89o04| 9728 11281 9760| 8714] 6116/ 7098] 6147 5324| 4848] 4215 3644 7188 2379| 566E+06
67 43| 25| 13467| 8207 6845 6559] 7795 7542| 6654] 6243] 6528 6591| 5957| 6369 5704| 7266|  1995| 3.98E+06
89 99| 26| 10299] 0506 7890 7098 5514| 5324| 6052] 5894] 7035 7352] B556| 6243| 7954| 7286  1530| 2.34E+06
96 a5| 27| 9475| 10204 7764| 7764| 6274] 5609] 6116] 7795| 7478| 7542] 6908 9982 3612| 7425|  1825| 3.33E+06
3 8o| 28| 10520 8eog| 7859] 8017| 7795/ 7510] 7003 6781 6750] 6876] 6908] 6750 6750 7564 1098| 1.21E+06
4 70 29| 7035] 6496] 8746] 9633| 7922| 7288| 7573| 6623] 6528] 8176| 7795 7510] 8207 7656 913| B33E+05
69 67| 30| 7859| 7573| 7890| 7795| 7637| 7542| 7573| 7320 7859 9316] 9094 8746| 7288] 7961 €61 4.36E+05
35 19| 31| 10172| 9728| @999] 8239] 7795 8112] 7922 7985| 8144| 8587| 7732 7225 5989 8202] 1056| 1.11E+06
97 as| 32| 6021] 5926/ 5989| 6021| 5736] 5419] 5387 7383 44680| 11281| 4373 5957| 5000| 9167| 10801| $.17E+08
49 16| 33| 7669) 7130 7066| 6845  7035] 8017 8999 12200| 11408 19076 12739 11566| 11439] 10091|  3501| 1.23E4+07
6 7|~ 34| 15274| 16800 10489| 8841| 9633] 8144 7447| 7130 7352] 7732] 11851 11471] 10109 10182] 3082| 5.38E+06
12 84| 35| 9158] 10711| 12168] 13436] 12580 10932| 11281 9950 ©9190| 8556] 9348 9665| 11344| 10640 1490 2.22E+06
a3 33| 36| 16826/ 20375 17302 17080 13911] 11186/ 9950(  B651 7130] 6147 5514| 5292| 5324| 11130] 5376| 2B9E+07
81 38| 37| 16383| 23671 16890 14291 9792| 8968] 8461| 14228 7193] 6845 6211 6084/ 7510| 11271] 5382| 2.90E+07
11 64| 38| 5419) 7447 7827 7383 6940| 6813 8334] 10013| 11851] 15274] 16731 24653| 23037| 11671]  6366| 4.05E+07
72 76| 39| 10616| 10425 10299 9982 10520] 12865| 14133] 15084| 13879] 13721| 10140| 10679 14798 12088|  1996| 3.98E+06
52 83| 40| 12960 13309 13119] 10711] ©316] 9253] 9697 10140] 11534] 14038| 14672 14545| 14735 12156] 2125| 452E+06
41 10| 41| 12041| 10013| 11218| 10235| 10742| 11725 12232| 12580] 13214 15527| 14577| 13277| 13879| 12405| 1666| 2.78E+06
68 50| 42| 14006 14672| 17397| 20027| 18189 10172] 9411] 10901 12992 12612 9475] 8302| 7795 12765] 3934| 1.55E+07
26 14| 43| 19837| 18189] 17143| 16224] 12707| 13816] 16858| 19140 14545| 10520] 7859] 6147] 5545 13733] 4874| 2.38E+07
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Table APNS11.3

original | original | new PARTICLE NUMBER
T-field # |cca run #] rank # #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 mean : std dev var

39 87 44| 25414| 24622| 22055| 18189 14228| 10647| 11218| 12770 10394 8397 7383 7098 6211 13740 6719| 4.51E+07
57 32 45| 22657| 18157 23513| 14418| 13024| 12612| 13689 11439| 10457 9665 9158] 10013 10299 13777 4797| 2.30E+07
23 20 46 39293 8271 7827| 6940 7478 7320 7573 7859| 13341| 16066| 17460] 19203| 21263 13838 9232| 8.52E+07

5 68 47| 14640 13467 11439 10077| 10806{ 11059| 11281 11915] 14165 15115] 16351] 18696 21738] 13904 3438| 1.18E+07
82 46 48| 22784| 22055| 21199 18031 15147| 14133]| 13309 12327| 10742 9475 8714 8904 8112| 14226 5274| 2.78E+07
58 56 49| 19615| 18601| 18031| 17555| 29216| 13594| 12517| 11820] 10077 8873 9031 9094 9063| 14391 6007| 3.61E+07
51 70 50| 18728| 20154| 25604 29755| 24590| 16795| 12041 11376 9443 6211 5197 4912 4785| 14584 8640| 7.46E+07
59 77 51| 40878| 12897| 20502 15527| 10996| 10774| 13119] 17682] 15591| 13499 9855 7764 5767| 14988 8737| 7.63E+07
53 40 52| 26333 25699| 17175 14735| 12992 10299 8461 7003 9411] 12105/ 12992| 16795| 21104| 15008 6223| 3.87E+07
76 g 53| 15464 17238| 29660| 21485| 14608 12897| 12802 12802 13151| 14323| 12739] 11376 10489] 15310 5145| 2.65E+07
93 82 54/ 15781| 13087| 10394| 11439 10806 14165 13055| 21136] 20375 18506 16383| 19013| 19140| 15637 3752| 1.41E+07
78 75 55| 17650/ 15907| 15274| 15622 14767| 14862| 16256| 17460| 20566] 15020| 13309 13499| 14481| 15744 1940| 3.76E+06
15 29 56| 26111] 20914| 19425| 19330 17809| 16541| 16098| 13911| 13499| 13753| 14006| 14070| 13151| 16817 3825| 1.46E+07
84 21 57 9760| 13119] 13626 12295| 12137| 14006/ 14228 14735| 15654| 18379| 22074| 32005| 34223| 17472 7663| 5.87E+07
54 6 58| 13372| 16098 15686| 16193| 18316| 17872 19235| 23132| 20566| 18728 18347 17809 17397| 17904 2401| 5.76E+06

8 M1 59| 10362| 8429 6591 5831 B366| 14608 22087 21485 17619 22182| 37075| 30896| 29375| 18070] 10159| 1.03E+08
10 47 60| 30009 27093| 20407| 13277| 23196 B8144| 13467| 47215| 25572| 18633| 10299 7035 5577| 19225| 11638| 1.35E+08
18 60 61| 38026| 23227| 23798| 20471| 17587| 15147 15084| 15400| 16478| 17587 16763| 15B876| 15274 19286 6365| 4.05E+07
14 13 62| 28773| 25953 23829| 18728] 17524 17397| 15464 15559 17112] 17492| 18062 18442 18284 19432 4097| 1.68E+07
75 15 8683 5894 4943 4468 19013| 40244| 36124| 34223 22467| 21263 19298 18189 17904 19439 11832| 1.40E+08
100 90 64| 19171] 17840 16668B| 17682| 17872| 17650| 20217| 21516| 22042| 21675| 22277| 22277| 23449| 20095 2377) 5.65E+06
70 52 65| 31688| 26871| 25382| 36441| 28361 18474| 15527| 14196| 13594| 13584| 12897| 11693| 13943| 20205 8400| 7.06E+07
27 35 66| 23798| 21041 42145 20217| 19742| 19552| 19773| 17524| 17587) 17999| 17302| 16636| 16288) 20739 6755| 4.56E+07
94 92 67| 36758| 32639| 44363 25065| 17175| 15654| 15020| 14545| 14450| 13848 12802 13372 18157| 21085 10385| 1.08E+08
36 1 68| 15686] 21738| 14070| 13055| 14355| 14862 17587| 25477| 25636| 36441| 29090| 31435 28044 22113 7753| 6.01E+07
37 97 69| 66545| 51335 46581| 32956| 21389 14608) 12010| 10932] 10647| 10869 11123] 11123] 11376] 23961 19146| 3.67E+08

1 36 70| 41511 35491 29977| 27347| 25255 23893| 16098 15781 16795| 17397| 19361 21516 22815| 24095 7862| 6.18E+07
66 53 71| 44363| 80488 4B800| 25541| 15971| 13626| 16446) 13753| 13531| 11598 10109 9665 9380| 24098| 21277| 4.53E+08|
98 73 72| 46265 35174| 32956 23766| 22815 25636| 26618) 23798| 21263| 19393| 17555| 17777| 16256] 25329 8455| 7.15E+07|
90 98 73| 35491| a5174| 34540| 34857| 35491| 35491| 36124] 28931 20502] 15971| 13214] 13911 12422] 27086 10109] 1.02E+08|
95 17 74| 68763| 46265| 29818| 27474| 27283| 25636 23069 20375/ 18252| 19552| 20661 20344 19963| 28266 14230( 2.02E+08
92 23| 75| 26523 21960 20882| 18347| 17460| 19647 27283| 45948| 40244 39927| 33906 30737| 37392 29251 9524| 9.07E+07
73 88| 76| 57672| 51018 4B8166| 45948| 44363| 36758 33906 23006| 16605 10267 7985 8176 6528| 30031| 18683 3.49E+08

2 2 77| 63693| 59257| 50067| 34540/ 25350, 22974] 21104] 21389| 20059| 19456| 20502| 22277 26364| 31310| 15784| 2.49E+08
74 51 78| 35491| 32956| 32005| 33589 34857 28456 27347| 27569) 30199| 40244 45948| 40878| 33272 34062 5542| 3.07E+07
29 26 79| 36124| 42145] 52285| 51018 30167| 46265| 21104] 26174 42145 49117| 14481| 10964| 21801 34138| 14267| 2.04E+08
88 27| 80| 71932| 45314] 48483| 39927| 32322| 27917 21485| 23766| 24241 24273 28678 39927 28614 35145| 14078| 1.98E+08
61 61 81| 42779| 40878| 38976| 37392| 37075| 36124| 35174 34540 34857| 34540| 32322| 20565| 27727| 35535 4169| 1.74E+07
99 8 82| 155589| 100134| 34857 31181] 31308] 16605 12612] 12802] 19140 11503] 14925] 15210 14988 36219] 42938 1.84E+09|
56 74 83| 67179] 44363] 44997| 43413| 92846 24305| 22815 22213| 20692 19678| 18094| 20185| 33906] 36514 22328| 4.99E+08|
65 69 84| 80171 52285 37392| 24907| 21199 15591 15559 19520| 31149] 32005| 55454| 61158| 49433 38140| 20079| 4.03E+08|
a3 48 85| 44997 41828| 38976 36124] 32639 28741| 34857| 61158 86192] 49750| 38343 33272 28773 42742| 15823| 2.50E+08|
42 44 86| 121365 83657| 70981 56405] 44046 49117| 32322| 26364| 22340 23798| 16921| 16288 17904| 44731| 31578| 9.97E+08|
20 54 87| 53236| 53553| 79854| 76685| 173968 43413| 21389] 19995| 22942 20724| 11978| 14070 12739] 46503| 45011| 2.03E+09]
24 96 88| 58940| 62426| 7a3833| 47215| 45631| 36124] 35808| 36124| 37709] 42462| 45314 51652| 59574| 48678| 11962 1.43E+08|
80 86 89| 92846| 69714 53236| 48800| 50067| 52602| 58623| 53870| 50701| 47215| 46898 48800| 50067| 55649 12705| 1.61E+08|
55 81 90| 83973 70664| 123584| 142280| 94431| 48800| 50701| 39927| 35491| 23417| 13499 7922 6306 57000| 43666| 1.91E+09
79 18] 91| 207874| 216113| 87776| 51335 34857| 31118] 23544 20502| 20882| 19900| 20439 21199 19583 59625 70285) 4.94E+09
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Table APNS11.3

original | original | new PARTICLE NUMBER
T-field # |cca run #§ rank #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 mean ; stddev var
50 25 92| 109324| 66545 62109] 60207| 60524| 55771| 57672| 65594 53236 51335| 50067| 55454 66545| 62645| 15075| 2.27E+08
47 72 93| 82389| 66862| 43096 32322| 21770| 72566/ 61158 91579| 91262 77002| 68129| 62109| 59257| 63808| 21149|4.47E+08
34 65 94| 47532| 42145| 112810| 570386| 1000000| 29755| 20597 245%0| 19013| 17840| 17904| 22530| 17048| 149396| 296601| 8.80E+10
85 85 95| 261744| 221817| 225619 127069| 69080| 69080| 32005| 14038 9728 8556 7700 7225 8461 81702 95351 9.09E+09
77 71 96| 127069| 109007| 95064| 91262| 96649 100451 104254 110275| 128971 129921| 115662| 129604| 127386| 112736| 14569 2.12E+08
60 62 97| 154955 152103 155589| 141963| 114394| 109007 94114] 94431| 101085 103620| 104888| 99184 59890| 114248 28793| 8.29E+08
25 49 98| 160025| 104571 121048| 147033| 196783 167313| 154321| 107106| B5875| 79854| 67813| 60B41| 61475| 116466] 45012| 2.03E+09
22 22 99| 78903 78586/ 96332 120098 123584| 141329 220549 198051| 179038 165729 159708| 160975| 487997| 170068| 105000| 1.10E+10
13 94| 100| 389763| 284559| 190445| 178087| 166046| 241463| 270933| 160975| 166362| 323218| 263011| 128654| B80171| 218745| B85793| 7.36E+09
summary mean, std. dev.: 26911.3| 3693.27
coefficient of variation 0.13724
mean of total population 26911
std. dev. of tot. pop. 50085.6
skewness of tot. pop. 8.8429
coeff. of variation of tot. pop. | 1.86113
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Table APNS11.4

mgw, rib, 10-15-96 Travel Times (years) of 13 Particles from a Constant Line of Release Points. | Full Mining Case
line is E-W, penetrating midpoint of waste panel area. constant porosity = 0.16 file is Microsoft Excel
release points are equally spaced along this line. | | | Wallace PC

grasp/inv| rep1 exit boundary is the LWB. data sorted by mean travel time |C:\data\parame\minp_fac\fmtimes\.fulmin3.xis

original | original § new PARTICLE NUMBER

T-field # | cca run #] rank #1 #e #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 mean i std dev var

— — e ——————

69 67 1 5089 4912] 4405] 4278] 4183] 4119] 3961 3708] 3391 3264] 2979] 2868] 2690 3903 913| 8.33E+05
17 55 2| 6528] 4880] 3898] 3486| 3898 4595] 4436] 4024] 3739] 3359| 2332] 2516| 3549| 3942 1065] 1.13E+06
19 63 3| 7193| 6274| 5387| 4753] 4722] 3993| 3264] 2789] 2469 2161 2041 2516/ 5862 4109 1719 2.96E+06
49 16 4| 6369 5133| 4722] 4278 3961 3676| 3612] 3708] 3929 3549] 3549] 3803| 4024 4178 810| 6.57E+05
38 24 5| 7352 6179] 6147| 6116] 4215 3708] 3327] 3042 2858 2665) 2548| 2963| 3391 4193 1652| 2.73E+06
a1 66 6| B587| 8302] 7637] 4595 3296] 3486| 3327| 3029 2928| 2890( 2646| 2488| 2636| 4296| 2282| 5.21E+06
30 42 7] 4278] 3771 3206/ 2969] 2681 2713| 3359| 5514| 8651 6908] 4373 4785 4912 4478 1744| 3.04E+06
32 58 B| 3200/ 33091 3866 3834] 4151 4753 4246] 3549] 3039] 3391 4405 8017| 9855] 4592 2025 4.10E+06
64 100 9] 14350/ 8730 6880 4000 3016| 2720/ 2540| 2300/ 2120] 2301 3007 3510/ 5298] 4675| 3522| 1.24E+07
16 59| 10| 5482 5387| 5514] 5038 4690 4690 3929| 3771 4310] 4785 5197| 4531 3929 4712 602| 3.62E405
3 89| 11 6654/ 6718] 7288 6971 5450/ 4626/ 4310 4119] 3803] 3676/ 3676] 3549| 3391 4941 1472| 2.17E+06
8 41 12| 3834 3612] 3517] 3200/ 3581 4848| 4785 4658] 4626] 4405] 4880| 10964] 12105 5309| 2832 8.02E+06
48 34| 13| 15844 13721 7985 4943] 3327 2985| 2779| 2449] 2199] 2389 3121 3612] 5482] 5449]  4458| 1.99E+07
96 45| 14| 8746| 9253| 9158] 7573] 6243 5704] 5165] 4975 4405| 4151 3961 3581 2687 5815 2217| 4.91E+06
46 11 15/ 8271 12580 6274] 5862] 5704 5482] 5229| 5133| 5038] 4848| 4595 4341 4119] 5960 2250| 5.06E+06
a5 19| 16| 09316/ 8587| 7478] 6528] 6179] 6908] 6021 5767| 5577| 6147| 4975] 4595| 4468] 6350 1445| 2.09E+06
87 37| 17] 9190] 7922 6591 5957| 5514] 4753] 4278] 4151 4024] 3739] 4817| 5926| 16066] 6379 3320] 1.10E+07
78 75| 18] 10425 8556/ 7605/ 8080| 6686] 6211 6876] 5419| 5165/ 4912 4658| 4880| 5324] 6523 1744| 3.04E+06
63 28| 19| 16731 9506 7573| 7193 7320] 5514| 5070] 4753 5355] 6211 4341 5355 6211 7010]  3242| 1.05E+07
97 95| 20| 2811 2728 2551 2380] 2285] 2320| 2583] 5514 55771] 10837 2101 3090| 1000000] 84229| 275543| 7.59E+10
14 13] 21 8873] 7922 7985| 8112] 8904] 8302] 8366] 7415 6338] 6052] 6623| 7288 7669 7681 909| 8.26E+05
15 29 22| 14893| 10425 10330 10457] 9190 7605 6688 6464| 6243] 5736| 5260 4405 3486 7783 3148| 9.91E+06
76 9| 23] 16034| 12738] 10267| 8271 6813| 6559| 6686] 6845 7573] 9031 7003] 5292 4531 8280 3154| 9.95E+06
72 76| 24| 12422| 10869 10235 9475| 8873 8778| 8461 7890| 6845/ 6052 5292| 7225 8207| 8509 1964| 3.86E+06
33 33| 25/ 20851| 17872| 12453 11186] 9031 7193| 6940 7066] 6559] 3898| 3517 3549| 3644| 8751 5528| 3.06E+07
84 21 26| 7162| 7827| 5767| 5229] 5102 4912 4848] 5672 6845 6845] 7415] 18347| 28424] 8800| 6865 4.71E+07
4 79| 27| 7415] 7669 13087| 14988 11344] 9950/ 10489| 8366 7795 10520 8904 7478 7225/ 9633 2413| 5.82E+06
7 93| 28| 13784| 13974] 11725| 10806] 10520] 9538] 9094 11946| 9697| 8271 7447| 6464] 5545 9909 2593| 6.72E+06
71 5| 29| 11313] 9728 10045| 10394 10932] 10520 10774 10204] 11851 11091| 10425 9665 B8778] 10440 797| 6.35E+05
86 3] 30| 10774| 11725] 8080 15305/ 8619] 7859] 8904] 9950 10837| 13182 12263 11344 8239| 10545 2238| 5.01E+06
1 64| 31| 31148 11915] 10964| 10616] 10901| 11123| 10045 7859| 7605 7383| 7447| 7764| 8556 11025 6268| 3.93E+07
40 30| 32| 15210 13467 12770 13214] 13277| 12580| 12073 11313] 10901] 10013] 7003| 7257| 8873 11381 2490| 6.20E+06
9 31| 33| 20439 11059 10045] ©O760| 9443| 14006 14006] 12580 10394| 9950| 9633] 9411 9094 11525 3168 1.00E+07
12 84| 34| 14133| 13467| 12834] 12897| 12612] 13277| 19203] 18411 12770 8239] 6116] 5165 4500] 11817] 4611| 2.13E+07
58 56 35| 22055 20502| 19330 23481| 13689 9253 8524 7954 7035 6528 6369 6274 6147 12088 6776| 4.59E+07
52 83| 36| 20280] 20439 20439] 16351| 12865] 11471 10679] 10964 10616] 11756 12675] 12739 14070 14257| 3817| 1.46E+07
89 99| 37| 43970| 73634| 10471] 5850] 6374] 6450| 6824] 7274| 7340 7330| 6065| 4710| 4913| 14708| 20533| 4.22E+08
21 39| 38| 25053| 24368| 19140 16066 15654| 14545| 13753] 12041 11725] 11439 11471] 11756 12200 15393] 4908| 2.41E+07
51 70| 39| 27030| 26935| 24083| 23576 19995| 15432 13499 12073| 10584| 8429 7225 7383| 7225] 15651 7720| 5.96E+07
45 57| 40| 68763| 36758 9031 6496] 12041 11756| 10425 10616| 11344] 9538| 7352] 6528] 6654] 15946] 17708| 3.14E+08
54 6| 41| 11408| 12897| 14545| 20787| 19013| 20566| 23513 28773 20344| 17175 15654| 14703 14101 17960 4839| 2.34E+07
26 14| 42| 38343 22784| 16795] 16446 16858| 21199 24685| 21896 17619] 14481| 12992| 16224| 25636| 20458| 6661| 4.44E+07
68 50| 43| 60524| 58306] 27505/ 18633| 18221| 15369) 15717| 18728] 22435 34223 25350| 21326 20027 27413[ 15101 2.28E+08
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Table APNS11.4

original | original | new PARTICLE NUMBER
T-field # |cca run #j rank #1 #2 #3 #a #5 #6 #7 #8 #9 #10 #11 #12 #13 mean | std dev var

6 7 44| 26998| 95064| 59257| 41511| 44680| 22277| 14545| 13436] 13024) 12834 12897| 13246| 13246] 29463| 24920| 6.21E+08|
5 68 45| 189812| 109641 11218 8271 7225 6876 6591 6464 6971 7795 8651| 10013 7954| 29806| 55698| 3.10E+09|
60 62 46| 34857| 28456| 29914 33906 26269| 22467| 21611 21738] 22055| 22720 28931| 120415| 50701| 35695| 26692| 7.12E+08
62 4 47| 40878| 40878 39293| 37075| 36758| 35174| 032639| 34223| 41828| 44997| 47215] 40244| 47215 39878 4693| 2.20E+07
44 12 48| 32005| 30167| 27B22| 30516 44997| 50067| 42145 45948| 52285| 53553| 57989 55454| 61158| 44931| 11524| 1.33E+08|
79 18 49| 153370| 72249] 58040| 39927| 38343| 31498| 29185| 30294| 35174| 33589| 32322 24939| 18379| 46016 35219| 1.24E+09
57 32 50| 55454| 46581| 48166| 45631| 43413| 47532| 55771| 55771| 49433| 44363| 41511| 39927 39293| 47142 5730| 3.28E+07
70 52 51| 236393| 204705| 26016] 39927] 27030 20027 13911| 11915] 10806| 10552 9601 8302 7732| 48224| 77320| 5.9BE+09
41 10 52| 104571 119464| 57355| 64010| 128654 23956| 19615 18474| 18126| 20027| 17587 19868| 23988 48900 42199| 1.78E+09
| 53 40 53| 64010] 57039] 59257| 51652| 35491| 40561 27790| 37075| 53236/ 651968| 51968 63376 68129 50889 12280| 1.51E+08
98 73 54| 147350| 78586 60524| 42145 42779 47215 50067 46581| 42779| 40244 27600| 29438| 25446 52366 31807| 1.01E+09|
92 23 55| 30262| 27759| 27315 23576| 23988 34540 59574| 90945| B85558| 84924| 71615] 72249 55137| 52880 26054| 6.79E+08
23 20 56| 47532| 46265| 53236 63059) 112810 90945 92212 91579 43413] 27315| 15622| 12897 12548| 54572 33641| 1.13E+09
18 60 57| 173334| 72249| 75735 42779| 39610| 40561| 44046 40878| 38343| 39293| 38026/ 36441| 35174| 55113 37853| 1.43E+09
74 51 58| 146716] 111542| 90628 57355| 52285 42779 40561| 39927| 39927| 36758| 38343| 28868 20914| 57431| 36608| 1.34E+09
22 22 59| B7142] 68129| 52602 46265 45314| 45631| 46898 49433| 53553 57989| 62742] 70664 77953| 58794 13607 1.B5E+08
20 54 60| 115978| 108600| 05064 78586| 67179| 50701| 40561| 39610| 36758| 40561 35808 34223] 29533| 59481 30418| 9.25E+08|
81 38). 61| 52285 52919| 57039 66545 86825| 102036] 90311| 94431| 95381 25255| 20787 14925 15242 59537 32636 1.07E+09|
28 80 62| 23089| 40878| 53870| 57989 56405 53553] 78270 73516| 73199 73199| 73199 73199| 73833| 61860| 16293| 2.65E+08|
90 98 63| 265546| 218648| 152737| 32005| 26871| 25604| 23164| 17619| 12897 12073| 11471 10520 9855| 63001| -88484| 7.83E+09|
85 85 64| 91262| 80805 72566| 60207] 50701| 54504] 44363| 47215 66545| 64961 60841 61475 096649 65546| 16089| 2.59E+08|
a2 46 65| 71615| 76368] 102353] 69080| 68446] 65277] 61792] 59890| 61475| 64644 77953| 65911 56722 69348] 11680| 1.36E+08|
25 49 66) 112810| 124851 109641 100134| 06649] 88410] 69397| 44997| 49117| 42462| 36758 30040| 26396| 71666/ 35068/ 1.23E+09|
95 17 67| 191713| 173968| 231006| 92212| 44680] 38659] 30135/ 23164 20059 23037 23925| 23386 22657 72200| 75620| 5.72E+09|
80 86 68| 67813| 113760| 76051) 69080| 66545 66228 67179) 70031| 68763| 67813] 68446| 69080| 69714 72346) 12680| 1.61E+08|
67 43 69| B80483| 58623| 52919| 59890| 63693| 55771| 55454| 85875 90945| B7142] 85875 84924 84924| 72809| 14907| 2.22E+08|
66 53 70| 70031| 71615| 64644| 80805| 99184] 103937| 121048] 88410 50067 46265| 49750| 56088| 58940 73906] 23425| 5.49E+08|
94 92 71| 218965 204705 171116| 91262| 44680 40561| 37392| 35174| 33589 31023| 25953| 21896 24843| 75474| 72770| 5.30E+09
39 87 72| 56083] 50067| 45314| 38026 39610| 54820| 79220 94431| 115978 125485| 119147| 115345| 110275| 80293| 34117 1.16E+09
91 78 73| 143864 147666 145448| 139111| 141646| 237661| 65911| 57039] 13911| 14735| 15654 15781| 15495| B88763| 74090 5.49E+09
47 72 74| 129604| 90311| 83657 75101| 53B870| 39293| 66545| 87776| 94747| 97599| 104888| 108056| 135308| B89750| 27298| 7.45E+08
75 15 75| 138794 135625| 227837 239562| 54820| 111542| 92846| 85241 48800] 45314 38343| 28519] 25160{ 97877| 71358| 5.09E+09
10 47 76| 60841| 63059| 58623| 51652| 75735| 101402| 135942| 122633| 117563| 110908 104254| 139428| 134991 98233 32309| 1.04E+09
50 25 77| 116929] 117246| 115028 107106| 102036| 90311| 83657| 81438| 84290| 90945| 102669 93480| 110275| 99647 13078 1.71E+08|
37 97 78| 163511| 123900 130238| 232907| 236076| 100768| 79854 70664| 53870/ 46898| 51335 39610| 29058| 104515] 69939 4.89E+09|
2 2 79| 77953| 57039| 71615| B81438| 98867 135308| 122316 128654 123584| 163511| 112493| 112810| 139111| 109592 30676| 9.41E+08|
59 77 80| 67813 272201| 450477| 418283| 38026 32956| 32322| 38343 35491 32639| 11756/ 11915 13467 112668 160099| 2.56E+10|
43 91 81| 52919| 52285 50384| 58306| 64010| 66862] 77953| 97282| 156856| 224669] 195199] 195199| 191079| 114077| 67206| 4.52E+09|
27 35 82| 35491 45948| 135942| 472153 250336| 130555| 127703| 126435| 64327| 49750| 45314| 48483 48166| 121585| 121774| 1.4BE+10
55 81 83| 92845 94114| 143230| 215479| 96649| 93163| 110591| 92846| 92212| 83973| 77636| 204705| 203438| 123145 50849, 2.59E+09
42 44 84| 265863| 196783| 119781| B87142| 80171| 79854| 96966| 93163| 83340 121365 85241| 131506| 167947 123779| 55902| 3.12E+09
77 71 85| 171118| 1168612| 84290| 73833| 77002] 90945| 104254| 116612] 130872 139111 150518| 197734| 157173| 123852| 38329| 1.47E+09
29 26 86| 136259 146716| 162243| 151469| 112810| 109958| 109641| 127386| 156539| 161609| 103620| 99184| 105838| 129482| 23922| 5.72E+08
100 90 B7| 105204| 109324| 121999| 144498| 158440| 145448| 141963| 139111| 146399] 135942| 133724| 121682] 136259| 133846 15341| 2.35E+08
93| . 82 88| 145765| 147666 210409| 107423 103937 112810| 111542| 144181| 147666| 145448| 140378| 125168| 115662 135235/ 28260| 7.99E+08
73 B8 89| 131508| 121999| 108056| 98550 85875| 80488| 81122 93797| 108056| 271884| 242731 177453| 166679| 136015 61970| 3.84E+09
34 65 90| 132139| 121999| 148934] 434127| 132139| 127386| 116929| 109324| 107106| 109958| 114077 117246| 118197| 145351| 87535 7.66E+09
99 8 91| 118197] 99184| 91579| 86508| 140378 98867| 131822| 361244| 162877| 164778| 205973| 174601| 181256]| 155174| 72716/ 5.29E+09
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Table APNS11.4

original | original | new PARTICLE NUMBER
T-field # |cca run #] rank #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 mean | std dev var
36 1 92| 71615| 98233| 116295| 130238| 139111 141012| 152103| 173968| 179038| 215162| 242097| 232274| 226253| 162877| 54105| 2.93E+09
56 74 93| 218648| 182840| 206606| 206289| 271250| 256674| 373919| 207557| 129287| 23608| 19837| 45631| 52602| 168827| 108326| 1.17E+10
1 36 94| 217063| 188861| 180622 179038 183791| 169848| 188227| 239562| 315613| 236076| 180622| 66228| 43096| 183742| 69658| 4.85E+09
24 96 95| 203754| 208191| 230056 225619| 208824| 288045| 383426| 342231| 265229| 200902| 193297| 198367 205656| 242584| 60626/ 3.68E+09
61 61 96| 220232| 216747 234809| 241780 289946| 282024| 276320| 270933| 261110| 252871| 248435| 241146| 233224 251506| 23286| 5.42E+08
83 48 97| 269032 265546| 261110| 320050| 380257| 386595| 358075| 339063| 421452| 332725| 272201| 235126| 205973| 311323| 65113 4.24E+09
65| 69 98| 114077| 122633| 186009 245266| 389763| 437296 399270| 392932| 377088| 383426| 430958| 427789 408776| 331945| 119848| 1.44E+10
88| 27 99| 233858| 274736| 339063| 991837 222450| 215162| 252237| 300720| 286460| 286777| 345400| 411945| 380257| 349300| 202169| 4.09E+10
13 94| 100/ 662281| 548204| 468984| 478490| 573554| 636931| 880929| 1000000| 1000000| 1000000| 1000000 475321| 262060| 691289| 255096 6.51E+10
summary mean, std. dev.: 70565.4| 5991.48
coefficient of variation 0.08491
mean of total population 70565
std. dev. of tot. pop. 111090
skewness of tot. pop. 4.17188
coeff. of variation of tot. pop. | 1.57428
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