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l Wallace 84
Martin Tierney 6849

Recommended Screening Decision:
NS7b is recommended to be screened out on the basis of low consequence.
Statement of Screening Issues:

Sedimentary units occur down to approximately 5500 meters below the land surface in
the WIPP region. The permeabilities and pressures vary from unit to unit and within
each unit. There is evidence of overpressure in some areas of some units, and evidence
of underpressure in others. Many of these units are exploited for petroleum resources.
Concerns have been raised that a leaky borehole(s) could create a connection(s)
between a deep unitfs) and the Culebra in such a manner as to enhance flow rates
within the Culebra (and therefore, potentially increase cumulative releases of
radionuclides) to the boundary of the accessible environment.

Approach for NS7b

As with any sidebar effort, the purpose is to screen FEPs into or out of the full PA
based on a variety of criteria. One of the principle criteria concerns how sensitive the
PA results would be to the inclusion of a particular FEP. If the PA were shown to be
sensitive, then the FEP would be screened in. If the PA were shown to be insensitive,
then the FEP might be screened out. Unfortunately, it 1s generally difficult to
determine the sensitivity of the PA 10 a FEP without actually running the full sensitivity
analyses with the FEP included (thereby defeating the purpose of a sidebar calculation).

In the case of groundwater transport, a preliminary result that in some cases can be used
in the development of a proxy sensitivity metric is the velocity field. Asitis
implemented in the PA for the Culebra flow and transport leg, SECOFL2D calculates
darcy velocity fields for each transmissivity vector. Those fields can be used to
estimate average groundwater velocities. The following section discusses when and
how velocity fields may be used as a screening metric. The concept of an equivalent
contaminant plume velocity (epv) is introduced. An equation is presented that
embodies this concept. It is then shown how the epv varies with respect to the
independent variables that make up the equation. The coefficients of variation for each
variable are discussed, which are ultimately used to develop sensitivity criteria for
screening of this FEP in later sections.

Velocitv Based Screening Metric

SWCF-A:1.1.6 3:PA:QA:TSK:NS7b 3 9/20/96



In groundwater transport, a quantum of contaminant migrates through a domain due to
the processes of advection and dispersion, influenced by the additional processes of
decay, physical retardation, and chemical retardation. A contaminant plume’s centroid
will move at the average linear groundwater velocity, as mﬂuenced by physical and
chemical retardation processes.

The retardation coefficients used in PA have a large effect on transport. Dispersion can
have an important effect on transport as well. The outer fringe of a contaminant plume
may lie at a significant distance from the plume centroid, primarily because of
dispersion. Dispersion is also the reason that the concentration distribution within a
plume may range over several orders of magnitude. In other words, different areas of
the plume can have vastly different effective velocities. Clearly, dispersion processes
can significantly affect a plume’s spread, thereby making it difficult to develop
generalizations about integrated releases across a boundary over time (or ultimately PA
sensitivities) purely as a function of average linear groundwater velocities.

If the contaminant plume spread is relatively narrow, then the velocity variation within
the plume is low, and generalizations of this sort can be justified. For the current PA,
longitudinal and transverse dispersivities are each assigned a value of zero. This
ensures contaminant plumes with spreads as narrow as possible. Therefore, for certain
relevant FEPs, comparisons of average linear groundwater velocities may be employed
in the development of screening arguments.

In such a comparison, the impact on groundwater velocities due to the FEP is
accounted for. If the impact is deemed significant, then the FEP is screened in. If the
impact is not deemed significant, then the FEP is screened out.

An equation for an ‘equivaleni’ or steady state conntaminant plume velocity (epv) is
developed in Dudley et al., (1988):

y=—T (1.0)
6,.R.+0,R,

where:

v, = effective advective wansport speed of nuclide 1(m/s)
g = darcy velocity (m/s)

6, = effective matrix porosity

R! =retardation in the matrix for nuclide i

R, =retardation in the fracture for nuclide i

8 , = effective fracture porosity

f

SWCF-A:1.1.6.3:PA:QA:TSK:NS7b 4 9120196



In the 92 PA, it was shown that chemical retardation in pure fracture flows is
negligible. Thus R, = 1. Also, the matrix retardation term can be expanded, changing

equation 1.0 in this manner:

v, = qk 2.0)
6,“[1+pb 5“‘—]+9,

p, = bulk density of matrix (kg/m?)
k= sorption coefficient for 1’th element

This equation can be used to estimate the sensitivities of plume ‘velocity’ to the listed
variables. It bears repeating that this is only an estimate. Notably, this equation is not
exactly suited for this exercise, as not all of the variables of importance are lumped into
this equation. Also, the equation assumes advection occurs in both the matrix and the
fracture domains, whereas, in the 96PA, only diffusion occurs in the matrix domain.
Yet, the equation does capture the salient features governing steady plume movement
on a gross level, and as such, should be suitable for this largely qualitative
investigation.

The sensitivity of the epv to the equation variables that have ranges in the 96PA can be
estimated according to the following relationship:

= = cvlg) - 50, - fo0,) = Fevlk,) (G.0)

where:

cv(g)= qu_q—) , determined by numerical experiment

[
L iy
m f pbd
[
fom—r
0,+6,+p.k,
f,::___ Eb_kd
S 6,+0,+p,k,
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The term cv( ) stands for the coefficient of variation and ¢ ( ) stands for the standard
deviation. The f terms stand for the coefficients of sensitivity. The coefficient of

variation of several of these variables can be directly estimated from the PA database,
which contains mean values and standard deviation values for the parameters 6, , 6,

and k.

From those values, the f coefficients can be calculated, and the total sensitivities ( f *
" ¢v) of the epv to each parameter can be determined. The next section concerns cv(g)
and estimation of the relative change in cv(g) due to incorporation of this FEP into the
PA.

Data Development and Problem Setup:

Information was gathered on the sedimentary units underlying the WIPP in the
Delaware Basin. Their pressures, permeabilities, thicknesses, and other pertinent
information were identified. Zones were determined which are overpressured with
respect to the Culebra. Other zones were identified which are underpressured with
respect to the Culebra. A summary of this information is provided in Table NS7b.1.

The Atoka had the documented greatest pressures of all the units, with an equivalent fresh-
water (efw) head of 3589m (amsl) in the Sand Dunes play area. Although this unit is
primarily a gas reservoir, for this screening effort pressures are utilized as if the unit were
saturated with water.

The Strawn bad the highest documented permeabilities of the deeper units (although still
four times lower than the permeabilities of the Culebra high-T zone). The Strawn also had
zones with the lowest pressures, with a documented efw head of approximately 650 m (<
hydrostatic). It should be noted that some Strawn zones are significantly overpressured as
well.

If this FEP were to be included in the PA, it would likely be done by first assuming
random couplings/pairings of interconnections between the Culebra and two deep units.
One unit, A, would be overpressured (a range of overpressures would be sampled on).
The other nunit, B, would be underpressured (a range, again). the positions of A and B
would vary randomly. Each of the painings would have the effect of a gradient
component through the Culebra between the overpressure connection and the
underpressured connection. This gradient component would be superimposed
(linearly) upon the existing gradients, causing a modification to the original flow rates
and patterns. The particular configurations of positions of A, B, pressures for each, and

SWCF-A:1.1.6.3:PA:QA:TSK:NS7b 6 9/20/96



96/0L/6

L QLSNDISLVOVAEY T LVIDMS
£661 18 19 uosiaqay (7)
8L61 eI s1amod (1)
250'9001 199°EE6S 0Eh’'Q saunQg pueg nc-wmm.m adpyy adojainy —mmm 18€ 90cy 04} E- MOLIOW
082'10€6 |0FL°0 saunq pussh : 2Apiy adopuy (GOHBHIEERC | 2 £66€ 562" ey
4EV'166Y  |OBE'0 3pni o foratia 16 L06€ 598z VN
yG6'pgee |/£G°6999 (9890 s Hd pOL SIHIPY |0282 Lay GLyE 6EVeC- dwedjjopy
GEC'6L6 ghv'egee  j€2v'0 i Eiep ou 8EVC cavl- sBupdg auog
296°250} 6£8'88.L1 6EY'0 yeonped 1 70-JOp'C (8PS v Pl AR evel 90¢-
BRI Gy ooz 1udy 961 ove
{w) (isd) (wnsd) {spu) {pt) {w) {iu) {w)
(@ Ajjajjonpuoa (@ ddiIM tuoy) ssauyap) (1) nopeubiseq
pasy "m)e einssesd jueipesfl einsserd ojne.pAy Angeswiad uojjesedas | aA|Bjussadal Jun jo 8818 ddim ul un
eApejuesesda) | eapsiuesesdel | elnjeiel|| pepioosl |eAjejuessidal{ sinjelaly papiooal LRHET j1ojeLisa doj 0} aoejIns jiun Jo doyj jo
pejewse paiBiu)se ujseg ejemsla(] pejBLyISs ujseg siemejeQ |sapiots puej wolj dap | ‘a|e pajewiise
|8880{0 1S9S0P ajeusxoidds

§'6G9 (w) -des oy ydep
9e01} (w) “j@ aoeuns pue|
Ll (w) ssaudoiy Bigajna
CIGEIRE)

ov8 " O uoneas|e
) Kioyisodas

5°08¢€ (‘y's'wew) jouoieasd

SIU() OPB[BS-(ING PUY BIGI[I)) Y} 10] s1ajRuIRIn] jedshyf pus oiBojoapL]] snoleA 1'qLSN QeI



borehole permeabilities, would be lumped into a single parameter. That parameter
would have a range and a ranking and would be sampled on as a vector with 100
elements, similar to the current T-Field vector. Figure NS7b.1 is a schematic of
possible interconnection pairings.

Currently, even without interconnections, a spectrum of flow directions and speeds are
predicted. Directions of flow through the LWB range from south-by-southeast to west
by southwest. Travel times from the waste panel area to the LWB (assuming
equivalent porous media flow) range from ~2,000 years to > 1 million years. As part of
the 96 PA, scatter plots were made depicting travel times for the two sets of 100
Culebra model velocity fields (full mining and partial mining) Travel times were
estimated for the horizontal line of 13 particle release points that stretched across the
panel area, and mean trave] times were calculated.

Results are shown in Figures NS7b.2 and NS7b.3. In those scatterplot figures, travel
times are plotted along the abscissa and rankings along the ordinate. 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. Details of this process are provided in Appendix NS7b.1. Consideration of the
variations in interconnection pairing as illustrated (in conjunction with the diverse flow
directions they would be matched to) shows that the configurations can have three
possible effects on groundwater travel times:

neutral (no effect)

a slowdown in trave] times

a speed up In travel times

Given the current range of flow fields in PA, a configuration as described may make a
flow field that is already ‘rapid’ even more rapid. Conversely, it may make such a flow
field slower. Therefore, applying this method to PA may or may not increase the range
in ‘effective’ velocities over the ranges already developed. But the crucial issue is not
whether the range might be increased, but what is the possible magnitude of this
increase relative to the base velocity range.

As can be inferred from Figure NS7b.1, and considering the above discussion, most of
the sampled interconnections, if applied to the PA, would merely generate velocities
that are already bounded by the current range. The increases in the range will be
generated by the new (interconnections FEP-based) worst case slow-down and speed-
up runs. One could force the two tail-end values as follows; first take the slowest
existing velocity field, and apply the most effective custom configuration of AB
borehole connections to slow it down even further. Second, take the fastest existing
velocity field, and apply the most effective custom configuration of AB borehole
connections to speed it up even further. Yet, the slowest velocities are already so slow
as to be essentially immobile. Therefore, extending the ‘slow’ range is meaningless.
However, extending the ‘fast’ range is still a valid exercise.

SWCF-A:1.1.6.3:PA:QA:TSK:NS7b 8 9/20/96
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Note that this approach overestimates the effects of velocity increases or slowdowns,
because it customizes a setup and coupling that has a small probability of occurring in a
truly random approach, particularly given the wide range in travel paths and directions
now due to mining effects. For example, in Figure NS7b.1, coupling A¢7Bg; may speed
up travel times if the velocity field it is paired with is a north-to-south flow regime.
However, for many of the velocity fields flow is to the west (due to mining effects).
Therefore, without prior knowledge of the initial flow field, there is no way to
anticipate what effect any particular A;B; coupling will have on velocities. It also
overestimates the effects due to the other specified parameters, such as the borehole K,
which, because it is set to the highest sampled value, ignores the limitations on flow
due to the consistently lower Ks of the deeper units themselves. An additional
conservative assumption is the use of the highest and lowest recorded pressures in the
Delaware Basin deep units for the respective source and sink values.

The fastest travel times for full and partial mining cases are for vectors R095 and R030
respectively. Figure NS7b.4a shows the particle tracks for R095 (full mining set),
indicating the groundwater flow directions through the panel area out to the LWB.
Figure NS7b.4b shows the customized AB configuration for speedup of this vector.
Figure NS7b.52 shows the particle tracks for RO30 (partial mining set), indicating the
groundwater flow directions through the panel area out to the LWB. Figure NS7b.5b
shows the AB configuration for speedup of this vector.

Darcy’s law was used according to the setups shown in figure NS7b.6 to estimare
constant fluxes into the flow field at the respective positions. The flux rates were
determined assuming the efw heads described above for the deep units and an efw head
for the Culebra of 930 m. The interconnection borehole had a cross-sectional area of
0.196 m” and a hydraulic conductivity (K) of 1.E<4 m/s. The borehole diameter used
falls within the range documented in the current PA database. The K used is the
highest value from the range contained in the current PA database. That determined a
flow rate of approximately 0.2 gpm for the source term at the northern end and 0.02
gpm for the sink term at the southern end. See Table NS7b.2 for summary information.
Those fluxes were inputs to the steady state flow runs performed here on the two
respective vectors. Otherwise, the Tuns were identical to the originals (using
SECOFL2D, as performed for the 96 PA).

Table NS7b.2 Summary of Source and Sink Term Information

case unit distance between unit top and culebra (m) unit head Q Q
- culebra head (m3ls) (gpm)
(m)

source | atoka 3798 2659 1.37e-5 | 0.22

sink strawn_ | 3706 280 -1.48e-6 | -0.02

SWCF-A:1.1.63:PA:QA:TSK:NS7b 9 9/20/96
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Results and Discussion for NS7b

As part of the 96 PA, scatter plots were made depicting travel times, via particle
tracking, for the two sets of 100 velocity fields (full mining and partial mining) Travel
times were estimated for the horizontal line of 13 particle release points that stretched
across the panel area, and mean travel times were calculated. Results are shown in
Figures NS7b.2 and NS7b.3. Details of this process are provided in Appendix NS7b.1.
Also, figures NS7b.7 and NS7b.8 show new extended ranges of travel times estimated
by merely substituting the two new travel time samples for the original vectors that
they stemmed from.

Visual examination shows that the decrease in travel times is not great, at
approximately 1/2 of the previous fastest times, when compared to the range of travel
times, covering 2 to 3 orders of magnitude. The new minimum travel times are listed
in table NS7b.3

Table NS7b.3 Changes in Mean Travel Times for Vectors in which
Interconnections were Considered.

a b c
case vector; . Vector, new mean travel ame due to
slowest mean travel fastest mean travel borehole interconnection
time (yrs) time (yrs) (applied to vector in column b}

(VTS)

full vector R094 vector R095

mining 696,749 3.113 1,787

partal vector R094 vector RO30

mining 228,105 3,694 2,756

As discussed in the Approach section, ( f * cv) can be used to esumate the sensitivies

of the epv to the parameters that make up equation 2.0. Data was readily available
from the PA Database to compute these terms for all of the parameters except for g .

The travel time analysis primarily dealt in travel times, t, as opposed to darcy fluxes, g.
By Gauss’s approximation formulae (Blom, 1989), it can be shown that:

where L is travel distance, which is relatively constant.

Then, since

g.i«l,
L

SWCF-A:1.1.6.3:PA:QA:TSK:NS7b 10 9120196



Figure NS7b.7 Scatter Plot of Travel Times: Partial Mining Case
(with interconnection for rank #1)
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it follows that

g, _Gv
4 1%

And, assuming an equivalent porous media, for purposes of particle tracking only, and
that @ is a constant (the implementation that was used in the flow analysis):

g, _O"7
v E
. Gr — 04
..H; ZI

The table below summarizes the key information.

Table NS7b.4 Summary of Statistical and Sensitivity Data for Parameters

Associated with Equation 2.0

Parameter mean sid. dev. f cv feev
o 16 3.5e-2 5.7143e-6 0.21875 1.25e-6
Qf 2.1e-3 2.5¢-3 7.5e-8 1.1905 8.93e-8
k.. 10 m’/kg 55m/kg 1 0.55 -0.55

’ (pu™’ ensemble)
t full mining 72,996.94 y 6459216y na 0.088486 na
t partial mining 2571584 v 2150221 v 0.083615
g full mining na na (1, by 0.088486 | 0.088486
q partial mining na na default) 0.083615 | 0.083615
pb constant, no range na na na na
2.8¢3 kg/m’ na na na na

The sensitivity of the PA to the variables 8,6, k, (pu239), and g, can now be

approximated through these surrogate values. As can be seen in the final column of the
above table, the PA will be most sensitive to k. The gs are a distant second, with

respect to sensitivity, followed by €, and 6, respectively.

The impact of interconnections (this FEP) upon performance is estimated by
calculating new sensitivities, based upon the new ranges of travel times produced by
these sidebar calculations, as summarized in Table NS7b.3. The new sensitivities for
full mining and partial mining are compared to the original ones in Table NS7b.5.
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Table NS7b.5 Effect of Interconnections on Sensitivities of Darcy Velocities

Parameter no with
interconnections | interconnections | % change
SeSitiVity, fall mining 0.088486 0.088502 01808
sensitivi ial minin 0.083615 0.083646 . .0031

As shown, there is no more than a two-hundreths of a percent difference in the
sensitivity values.

Basis for Recommended Screening Decision for NS7b

A set of extreme-case calculations was conducted to estimate the greatest possible
increase in the range of velocities due to this FEP. That increase in the range can be
used to estimate sensitivity of the PA to this FEP. The above section described and
quantified the various sensitivites of plume velocity to the factors discussed that are
already included in the PA and the sensitivity due to this FEP. As was shown, the Pa is
expected to be at least five times more sensitive to &, than to g . Inclusion of
interconnections, which could widen the range of possible g values, will not change
this relationship. In fact, the changes in the sensitivities for the gs (due to
interconnections) are less than 0.02%.

Therefore this FEP is screened out on the basis of low consequence.
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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:

Two ground water flow model sets, using SECOFL2D and TRACKER numerical codes.

e Horizontal 2-D flow, all steady state
e Eguivalent porous media approximation
e 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 also from 1996 PA Culebra regional

flow model.

Full Mining Case. Uses T-field from vector R093, replicate #1.

Internal fluid source at cell at row 60, column 33 of regional model
(corresponds to x=3199m, y=5511m in local model doma{n).
fluid injected into Culebra at a constant rate of 1.37e-5 m'/s.

Internal fluid sink at cell at row 17, column 43 of regional mode}
(corresponds to x=3772m, y=2176m in local model domain).
fluid withdrawn from Culebra at a constant rate of 1.48e-6 m’/s.

Partial Mining Case. Uses T-field from vector R030, replicate #1.

Internal fiuid source at cell at row 60. column 33 of regional model
(corresponds to x=3199m, y=5511m in local model domain).
fluid injected into Culebra at a constant rate of 1.37e-5 m’/s.

Internal fluid sink at cell at row 17, column 50 of regional model
(corresponds to x=4334m, y=2176m in local model domain).
fluid withdrawn from Culebra at a constant rate of 1.48e-6 m’/s.

Names of Participants:

Michael Wallace Dept. 6849 (RE/SPEC, Inc.) MS 1328
Martin Tierney Dept. 6848 MS 1328
Rebecca Blaine Dept. 6849 (EcoDynamics, Inc.) MS 1328

Dates Analvsis Conducted:

Summer, 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 NS7b: Leakage from Abandoned Boreholes

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:

The Approved Planning Memo of Record is provided on the following page.
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NS-7: LEAKAGE FROM WELLS (OUTSIDE OF THE CONTROLLED AREA)
~ Planning Memo of Record

TO: D.R. Anderson
FROM: M. Wallace

SUBJECT: FEP Screening Issue NS-7

STATEMENT OF SCREENING ISSUE

Sedimentary units occur down to approximately 5500 meters below the land surface in the
WIPP region. The permeabilities and pressures vary from unit to unit and within each unit. There is
evidence of overpressure in some areas of some units, and evidence of underpressure in others. Many of
these units are exploited for petrolenm resources. Concerns have been raised that a leaky borehole(s)
could create a connection(s) between a deep unit(s) and the Culebra in such a manner as to enhance flow
rates to the boundary of the accessible environment.

APPROACH
Calculation Design

Information will be gathered on the sedimentary units underlying the WIPP. Their pressures,
permeabilities, thicknesses, and other pertinent information will be identified. Zones will be determined,
if any, which are overpressured with respect to the Culebra. Other zones will be identfied which are
underpressured with respect to the Culebra. A 2-D areal numerical modeling study will be conducted. In
this model, a strategic placement of theoretical overpressured and underpressured source and sink nodes
will be placed just outside of the conrolled area to maximize the impact upon Culebra flow rates. The
source and sink nodes will probably be constant-flux terms that add or remove fluid based on expected
conditions of certain key deep units that have been identified.

The rate of flux into or out of the Culebra will be conmolled not only by the relative pressures
between the Culebra and those other units, but also by their relative permeabilites. The rates perhaps

might also be modeled as affected by wellbore conditions (possibly developed through calcuiations for
brine flow).

Resource estimate for NS-7: LEAKAGE FROM WELLS (OUTSIDE OF THE CONTROLLED AREA)

Michael Wallace: 100 hrs. Rebecca Blaine: 50 hrs. Tech Reps 20 hrs.
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Documentation of Changes from Work Analvsis Plan:

In the work analysis plan (Planning Memo of Record) the source node was to have been
placed just outside and north of the Controlled Area.

In actuality, the source node was placed just north of the waste panel area. This resulted in
a more conservative analysis.
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Software:

Tide and version of software used:

Pre-Processor NS7b Calc NS7b Calc pointer to SWCF
partial mining full mining records

, run dates run dates

GENMESH, Ver. 6.08 6-12-96 6-12-96 WP023290

1-31-96

MATSET, Ver. 9.00 6-12-96 6-12-96 WPO23560

2-20-96

RELATE, Ver 1.43 6-12-96 6-12-96 WP022267

3-6-96

POSTLHS, 4.07 6-12-96 6-12-96 WPO021464

2-7-96

Algebra 2.35 6-12-96 6-12-96 WPO21247

1-31-96

preSECOFL2D, Ver. 4.05 6-17-96 6-17-96 WP032397

6-11-96

Analvsis

SECOFL2D, Ver. 3.03 6-17-96 6-17-96 WPO37271

5-7-96

Post Processor

postSECOFL.2D, 4.04 6-17-96 6-17-96 WP023298

4-23-96

TRACKER, Ver. 5.01Z0 6-17-96 6-17-96 WPQO7483

3-8-94

Spreadsheets

Microsoft Excel Ver. 5.0c various dates various dates na
summer, 96 summer, 96

Plotting and Data Presentation

Packages

BLOTCDB Ver. 1.37 various dates various dates WPO21260

6-4-96 summer, 96 summer, 96

Adobe Tlustrator Ver. 5.0 various dates various dates na
summer, 96 summer, 96

SWCF-A:1.1.6.3:PA:QA:TSK:NS7b 18 9/20/96




Pointer to SWCF Records:

A copy of the Grade X code is available in the Records Center. Other codes have been
archived by Department 6351, Computational Support, on the following tapes: F95074,
F95080, F95654, F95714, F95738, and F95081.

Source Listing of Macros and Other Application Software Codes:

see attachments of macros from Microsoft Excel spreadsheets used for SMOR Appendix
NS7b.1. two pages follow.

These two macros are stored in the Gateway 2000 computer at the desk of Michael
Wallace, Dept. 6849, SNL (as of 9-19-96) in C:/data/paramete, as parmin2.xls and
fulmin2.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 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.
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' 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:="CADATA\Paramete\R0O" & Counter & ".DAT",
Origin:= _
x1Windows, 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("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\R0" & 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
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' 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:\DAT A\Paramete\R00" & Counter & ".DAT",
Origin:= _
xIWindows, StartRow:=1, DataType:=xIFixedWidth, FieldInfo:= _
Array(Array(0, 1), Array(12, 1), Array(24, 1), Array(36,_ 1), Amray(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.X1.S").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\RQ" & 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("fulmin. XIL.S").Activate
ActiveSheet.Paste
Range("A" & Counter + 1).Select
Loop
End Sub
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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. 1.5.

Spreadsheets and Plotting and Data Presentation Packages (other than BLOTCDB)were

run on a Gateway 2000

Operating System, Windows 95

Data set and information files used. including name and version of all databases,

libraries, and data files:

All files are located currently in the WIPP Alpha Cluster, F1:[fep.rlblain.ns7b]

| File Characteristic

Full Mining Case

Partial Mining Case

presecofl2d input files
cdb input

fl_r095.cdb, loc.cdb

f1_r030.cdb, loc.cdb

ascii input presecof]l_l.inp presecofl_2.inp
general output data

local secofl_r095_1.cdb secofl_r030_2.cdb
regional secofl_r095_reg_l.cdb secofl_r030_reg_2.cdb

com procedure

secofl_1l.com

secofl_2.com

travel time ascii data, local

tt_r095_1.dat
tracker.1np

tt_r030_2.dat
tracker.inp

particle tracks, local

track_r095_1.cdb

track_r030_2.cdb
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Schematic of Data Flow for NS7b:

GENMESH
(Defines gridded mesh)

v
MATSET
(Populates the grid with
material-property data)

POSTLHS
(Adds sampled values to cdb
file)

v

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

v

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

v
PRESECOFL2D

(Transforms all input data to required
binary formats)

l

SECOFL2D
(Solves governing PDEs for head and
thereby velocity)

v

POSTSECOFL2D
(Adds SECOFL2D results to cdb file)

v
TRACKER
(performs particle track analyses)

BLOT
(Generates plots)
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Documentation of deviations from baseline data set, including rationale:

A primary purpose of this fep was to explore the need for incorporating new data and/or
concepts into the next round of PA calculations. Therefore, there are deviations from the
baseline data set, by necessity. See section ___., Summary Memo of Record (in this
Records Package) for the related documentation and rationale.
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Appendix NS7b.1 Summary of 96 PA Particle Tracking Study

This summary is adapted from the Analysis Records Package for the Culebra Flow
and Transport Calculations (Task 3) of the Performance Assessment Analyses
Supporting the Compliance Certification Application, Analysis Plan 019,
SWCF-A:WA;1.2.07.4.1:0A.

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
hvdraulic 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 significantlv. bv 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:

1. Ranking of T-fields for PA sensitivity analyses.

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

Design tool to aid in auxiliary analyses, such as sidebar calculations (FEPS).
4. Stochastic tool for estimation of dispersion properties.

L



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).

Particle tracking was done using the TRACKER code. TRACKER develops particle
tracks and travel times by first reading in darcy velocities, g, and q, (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 APNS7b.1. Exit
boundaries are also specified. The exit boundaries used represent the southern LWB,
and the eastern and western boundaries of the local grid. 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 ~1e6 vears, whichever

came first.

For Replicate 1, a total of 2600 individual particles were tracked; thirteen per
configuration, with two subseries of 100 configurations each. 200 plots were made of
the particle tracks, at one plot per configuration, They can be found in Appendix___ of
the above-referenced analysis package.

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. Tables APNS7b.1 and APNS7b.2
summarize all of the travel times and the associated statistics for the base cases without
interconnections. Tables APNS7b.3 and APNS7b.4 summarize all of the travel times and
the associated statistics for the current FEP cases with interconnections (see main text
for details).

The travel time results (for the cases without interconnections) are summarized
graphically in Figures NS7b.2 and NS7b.3 corresponding to the two subseries (see main
text). In those scatterplot figures, travel times are plotted along the abscissa and
rankings along the ordinate. 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. Figures NS7b.7 and NS7b.8 show the
associated plots for the cases with interconnections.

As can be seen, both base subseries show a total range of travel times covering at least
two orders of magnitude (0.0.m.). Spreads of travel times for individual configurations
can range from relatively narrow (<1 0.0.m.) to relatively large (1 0.0.m <= spread <=2
0.0.m).

Generally the full mining subseries has a greater range of travel times for any
configuration that the partial mining subseries. Examination of the travel path figures
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shows a correspondingly greater range in flow directions for the full mining case than
for the partial mining case.

The full mining subseries also has a somewhat greater total range of travel times. That
subseries has the configurations with the slowest and the fastest mean travel times.
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97 37| 71| 66545 52602| 43096{ 42145 31435 16953| 11851| 10457| 10394| 10964 11313| 11154| 11378] 25407| 19521 3.81E+08
73 98] 72| 46265| 35808] 33272| 25224| 22499 24527] 253B2| 24495 23101, 21009| 17080| 18378| 16128] 25628 8387| 7.03E+07
17| 85| 73| ©8763| 41828| 30072| 25255| 27062 22403 19303 16053| 15781| 22277 22023| 20502 19895| 27101| 14203| 2.02E+08
08 80| 74| 35491| 36124| 36441| 35808 36124 36124| 37708 30040| 21389| 15686| 13467| 13214 12707{ 27717| 10578] 1.12E+08
23 92| 75! 26523(" 23101| 20629] 18886] 17714| 19900| 25921| 34540, 38343) 30610| 34540 30801| 34223| 28056| 7700| 5.84E+07
BBl 73] 78| &7672| 47840 54504| 36124] 44046 41511| 29343 33272\ 18728 11788| 8524| @851| 6559| 30850! 18218 3.32E+08
27 88| 77| 71932| 46285 40878 38658 25120\ 21009( 19742( 28818| 24432\ 34051| 26903| 31668| 29185 33053| 14086 1.99E+08|"
2 2] 78| 63893 60841 58308 42145 28076 23132 21294| 21136| 20471/ 19678| 20851| 23861f 29438 33302| 16876 2.85E+08
26 29| 79| 36124| 44997| 56722] 50384| 30072 40878] 24907| 21928 37709| 50087 16414| 12770 11693] 33436| 15074| 2.27E+08
65 34| 80| 47532 51013 722| " 2601 6 8664 7 ' 33463| 18228] 3.32E+08|
51 74| 81| 35481| 32056 34211 4720| 2.24E+07
611 61 82| 42779 41195 35754|  4092| 1.87E+07
89 65 83| 80171] 54820 37536 19850| 3.94E+08
74 56/ 84| 67179] 93163 37777|_23113| 5.34E+08
_ 48[ 83) 85| 44997) 41105 39783| 8784| 7.72E+07
44 42) 86| 121365| 80360 45492 32532| 1.06E+09
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Table APNS7D.3

_oflginal T original | new i PARTICLE NUMBER
ccarun # | T-field # | vank | " #1 | #2 |3 HAT|T#S | e #7 #8 #9 ") #i0 | #11 | #12 | #13 | mean |stddev|- var |
8 99| 87| 155589| 249068 39610] 30516] 28026] 22784] 13087| 12834| 19013 12580] 14038] 14857| 15020 48317| 71448| 5.10E+09
9 24| 88| 58940| 58940| 65594 51018 44363| 37709| 36441| 36441| 37302| 42462| 45948| 53236| 60841| 48410{ 10336 1.07E+08
. 54f 20| 89| 53236| 77953 73199 74150| 158124 64644] 24368| 1853B| 24210 24717| 14767| 13531| 13404 48834] 41456] 1.72E+09
81| 55| 90| 83973| 72883 95381| 115345 07282| 54504 50701| 41828| 35491| 33589| 16256| 7510| 6178 54686) 35811] 1.2BE+08
18 78| 91| 207874| 165412| 05064| 52602 44363| 32956| 24843| 21326| 20471| 19742 21326| 23132| 19425| 57580 61630] 3.80E+09
72 47) 92) B2389| 67813 46265| 31403| 25857\ 51652| 54504] 70031| 90311| 82072| 70664| 63693] 59890| 61273 19251| 3.71E+08
25 50 93| 109324 79537| 64327| 61475 60B41| 56088] 57355 63693| 55137) 51652| 50384| 53553 62426 ©3522] 15663] 2.45E+08
86 BO[ 94| 99184| 83340| 68446 66862| 69714 70031| 72883| 72240| 64010 64644| 73199| 79220 74467 73711] 0381| 8.80E+07
85 85/ 95| 305790| 292481| 213261| 60841| 77319| 84200\ 34540| 17840\ 9665 8239 7669/ 7268| 7732| 86689 110101] 1.21E+10
62 60| 96| 154955/ 148617| 158440] 159708| 118513| 100768| 85875\ 64961| 62109 72883| 85241 82706| 56405 103937| 39287] 1.64E+09
7| 77| 97| 127069| 111225| 96332( 91262| 96015| 100768| 104571| 110276| 122950| 127703| 117563| 125168 126110| 112078| 13270| 1.76E+D8
49 25| 98| 160025| 110591| 120732| 139111| 177453| 180033| 147983| 134674| 92846) 72249| 608446| 62109 60207| 1174980 43387| 1.88E+08
22 22| 99| 85558 89360| 92212| 120415, 135308) 199952| 205973| 102664) 168264| 165412 163511| 160342| 172383) 150104| 41003} 1.78E+09
94{ 13| 100! 389763| 231640 154321| 142013| 263645| 245266| 370751| 17B404| 151469) 380257) 232591| 138477| 85875 228105| 100220] 1.00E+10
______ o T _ '___f I |summary mean, std. dev.: | 25706.5] 2150.23
R _“—_l&_m Ty N coefficlent of variaiion 0.08365

Page 3




Table APNS7b.4

mgw, rlb, 8-16-96 Travel Times (years) of 13 Parlicles from a Constant Line of Release Polnts Full Mining w/Interconnections interconnection effect
R R line |5 E-W, penelraling midpolnt of waste paneiarea. | — | | '\ lfile is Microsoft Excel - applled only to first set
meveie| | _jrelease polnis are equally spaced along this fine. __|constant porosity =0.16 | - |WallacePC | | ] (rank #1) of travel
_fep1 |graspfiny  |exitboundarylsthelws. | F dala sorled by mean travel time C:\data\sldebains7\ravel times\.ful. xis, sheet 2 times
_orlginal | original | new o " |PARTICLENUMBER | "7 | T o ' 7 .
ccarun# | T-field # | rank | #1 #2 | M3 #4 #5 “#6 #7 | #8 #9 #10 #11 #12 #13 | mean | stddev| var /

95 97 y { I i 1 ] 1787 -~

67 69 3318 874 7.64E+05

63l 19 3766 1675| 2,80E+06
558} 17 4048  1245]1.55E+08

16; 49 4110] _ 833)6.93E+05
_ 66 ¥ 4215] 2175[4.73E+06
4 30 4220|  1261|1.50E+06

24 38| 4224| 1815|3.30E+06

100 64 4254  3304|1.09E+07
%8 3% 4428]  1132)1.28E+06
59 16 4670 612 3.75E+05

34 48 4730 3677(1.35E+07

89 3 5087| 1587|2.52E+06

41 8 5153] 1764 3.11E+06

37 87 5500 1873|3.51E+06

45 96 5697| 2467|6.09E+06

11 46 5906 2000 4.00E+06

75| 78 6391| 1705|2.91E+06

19 35 _ 6628]  2405{5.78E+06

28 63 6988] 3530|1.256+07

21 84 7422 2884/8.32E+06 -

29 15 7625 3181 1.01E+07

~ 13| 14| 23| 8873| 7800| 7890| 8080 8873| 8366|8271 7605 ~6496| 6084 6464| 7088| 7510| 7651 801(8.12E+05
2

76 712 6147|7415\ 7778  1935|3.75E+06

9 76 5418| 4500 8449) 3208]1.03E+07

33 k] 1T 12| 3581)  3612| 8587| 5428]2.95E+07

31 9(_ 27! 20439 10806] 8176| 7732) 7732| 14088) 12897) 12548 10489| 9126| 7859 8651| 7193| 10664] 3792|1.44E+07|

64 11| 28| 31149| 12205 11408 8302| 9792| 11788|  8778| 6876 7510| 8017| 8207| 8809 10394 11025 6278|3.94E+07

5 71| 29| 11313]  4753| 14735| 11344/ 17492 10013| 13300| 6274 18379| 12802\ 9285 7447{ 6908| 11081] 4222|1.78E+07

3 86| 30| 10774 12073 7542| 14006 19678 7985| 10425 11123 12517] 15305| 12358| 10362| 7954| 11700|  3328(1.11E+07

. 56| 68/ 31| 22055 20629( 19171| 19895 15147| ©158] B8176| 7478 6B45| &178| 5989 6211| 5957 11768|  6518|4.256+07

_ 84 12| 32| 14133 13487| 12517| 12028) 12612\ 14481 18664| 17618| 14260 8714 6338/ 5355 4690( 11983 4434|1.97E+07
- 78|~ 4[ 33| " 7415| 0o130| 58623] 13648| 411218| 9792 9950} 8274| 7478| 11281| 9570| 7837| 7182 13187| 13786)1.90E+08 _

_ 93 7| 34| 13784; 779531 8587|7700 501|” 66B6| 20027| @126 B274| 5197| 4373 3678| 13665 10706]3.92E+08

_ 99| 89| 35| 43870) 61142 153099 5730 _7430| 7648| 7480|7908l 5918| ~ 4530| 4239 14297| 17547|3.08E+08

83| 52| 36| 20280| 21485 20724 14418 " 9380( 12485 10045 17302) 12517| 13858| 18347] 14735, 4395|1.93E+07

39 21| 37| 25953| 24812| 20280 12485 9823| 11281| "14008| 13531 14513| 12232| 16318] 15062 5388|2.90E+07

70| 51| 38 27030/ 18791| 28583| 33G06| 20438 10299| "10064| 15432| 9633| 7162| 6781|7225 7193] 16341 100161.00E+08
30|40} 39) 15210 5229) 5007) 3BIA3|  B8936| _4119)  5704| ~7130| = 6306 52285 11313/ 8B76| 51018| 16720| 17906)|3.21E+08 -
ST - 45| 40| G6B763| 70348| 9158| 5736/ 13626 10267| 14038| 13151| 15501| 8841} ~6750| _6496| 7732| 19260 22541)508E+08 —

8 54 41] 11408[ 15844] 16098 22182| 18601 68129| 24939] 30167 22435| 17867 15812| 14862| 14196] 22511) 14614]2.14E+08
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Table APNS7b.4

_original | original | new PARTICLE NUMBER |
cca run # | T-field #{ rank |~ #1 #2_ |8 # | HsT e & #8 | HS T 0| THITTT#H2 | #13 | mean | stddev| var |
44 42] 87} 269032 220105 134041 95698| B4924] 084290] 100134 101402] 94431| 130872] 115345] 139744] 224035] 138896 61651/3.80E+09 ]
7T 50| 88| 74784) 158124| 443633| 456308 B0171| 25477\ 26269| 449971| 41511| 28424\ 17099) 10837| 15305| 140678 160802|3 26E+10 [
88] 73| 89| 137209 121682) 116205| 118830| 122633| 96966| 102036| 127703| 109958| 222450| 284242| 177453| 94431| 140014| 55584|3.09E+08
__ 87 93| _ 00 154004| 153687| 257307| 117246| 137208| 129287| 107106| 131506| 139744| 145131 177770| 118513| 108373| 144376| 39375(1.55E+09 5
1 36| 91| 74150| 89904| 112176 132773| 141328| 145448| 150518 167313 177136| 202170| 213578| 222450 226887 | 158148 49302{2.44E+09 ;
8 99| 92| 137209| 111859 109007| 116920| 155272| 142280( 161282 176820| 238611| 181880| 231957| 187010 186643| 164437| 41816]1.75E+08
74 56| 93| 248435| 100052| 205330| 210726| 284B76| 270172| 302032| 154321| 36758| 15876| 110275| 34223| 181079| 181843] 110735|1.23E+10 I
38 1] 54| 217063| 102664| 186960| 183791] 231323| 164144| 176503| 204071/ 255406| 206289| 184108 86192 186643| 180397| 39694|1.58E+09 |
96 24| 05| 203754) 207557| 226887 228471| 211043| 220422| 339063/ 354907, 285193) 196466| 196149| 218014 211360| 239099] 53068]2.82E+09
61 61] 96| 220232 219915, 236076| 241463| 309009 295650| 282341| 276637| 265229| 256890 251603 244949 238284| 256868] 27867|7.77E+08 ;

48 83| 97| 285193| 283925) 280756| 326387| 526022| 478450| 351738 380257| 405608| 205656] 209775| 122316| 110908 305156| 125427 1.57E+10

27| 88| 98] 250019 273468| 320556| 440464 279489| 220549| 256040| 320050| 314029) 320556 202164| 307374| 367582| 306180] 58370 3.18E+09

59| 65| 99| 134991| 204705 177770| 268081| 348569| 54B204| 342231\ 364413| 342231) 415114 484828| 430058 09501| 320123| 138457|1.86E+10
94| 13| 100| 671787| 583081| 522853| 494334 560879\ 624255| 779527|1000000)1000000|1000000|1000000] 541866| 279172| 696748 238316)5.68E+10 ;
- o oy summary mean, sid. dev.: | 72083.7| 6459.21
I _‘“"t'“" N N caefficient of varlation 0.0885
{
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