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Summan Memo of Record for NS7b; 
s 
Michael Wallace 6849 
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 vaxy'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 comection(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 N S T b  

-4s 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 
P.4 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 is generally diff~cult to 
determine the sensitivity of the PA to a FEP without actually running the full sensitiviry 
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. As it is 
implemented in the PA for the CuIebra 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 



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 influenced by physical and 
chemical retardation processes. 

The retardation coefficients used in PA have a large effect on transpoa Dispersion can 
have an important effect on transport as well. The outer fringe of a contaminant plume 
may lie at a signtficant distance from the plume cenaoid, 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 
zeneralizations 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, 
longtudinal and transverse dispersivities are each assigned a value of zero. This 
ensures contaminant plumes with spreads as narrow as possible. Therefore, for certain 
r~levant FEPs, comparisons of average linear groundwater velocities may be employed 
in the development of scree~lmg arpments. 

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

P a  equation for an 'equivalent' or steady state connraminant plume velocity (epv) is 
developed in Dudley et al., ( 1988): 

where: 

vi= effective advective transport speed of nuclide i(m/s) 
q = darcy velocity (mls) 
8, = effective matrix porosity 

R: =retardation in the matrix for nuclide i 

R; =retardation in the fracture for nuclide i 

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

equation 1.0 in this manner: 

pb= bulk density of matrix (kg/m3) 

k, = sorption coefficient for i'th element 

m s  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 
exactIy suited for this exercise, as not all of the variables of importance are lumped into 
h s  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, shouId be suitable for this largely quahtative 
investigation. 

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

where: 

~ ( 4 )  cv(q) = ---- , determined by numerical experiment 
4 
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The term cv( ) stands for the coefficient of variation and a ( ) 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 apd standard deviation values for the parameters Om, Of, 
and k, . 

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

Data Develovment and Problem Setup: 

Znformation was gathered on the sedimentary units underlying the WIPP in the 
Delaware Basin. Their pressures, pemeabilities, 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 Culeb-m A summary of t h s  information is provided in Table NS7b.l. 

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 li the unir were 
saturated with water. 

The Strawn had the highest documented permeabibties of the deeper units (although srill 
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 apuroximateIy 650 m !< 
hydrostatic). IT should be nored thar some Strawn zones are si+&icantlq. 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 unit, B, would be underpressured (a range, again). the positions of A and B 
would vary randomly. Each of the pairings 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 modFfication to the original flow rates 
and patterns. The particular confi,prations of positions of A, B, pressures for each, and 
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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 L W  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 fhm -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 travel 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 ranErings 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 navel 
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 travel times 
a speed up in navel 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 ;an,oe 
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 ma-pitude 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 
eenerated 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 
co~ec t i ons  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 



4 Land Withdrawal Boundarv 

Ai = connection between the Culebra and a deeper unit of higher head 
Bi = connection between the Culebra and a deeper unit of lower head 

The image shows 7 possible sample pairings of AiBi from a likely population of 
100 random pairings. Arrows show the likely direction of influence (but not necessarily 
the directions of flow) due to these particular pairings. 

Figure NS7b.l. Possible Interconnection Pairings 







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 AWBg7 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 &Bi coupling will have on velocities. It also 
overe- 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. 
Fi,we NS7b.4b shows the customized AB configuration for speedup of this vector. 
Fi,pre NS7b.5a shows the particle tracks for R030 @artial 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 estimate 
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 m2 and a hydraulic conductivity (K) of 1.E-4 mfs. The borehole diameter used 
falls w i b  the range documented in the current PA database. The K used is the 
highest value from the range contained in the current P.4 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 runs were identical to the originals (using 
SECOFL2D, as performed for the 96 PA). 

Table NS7b.2 S u m m a g  of Source and Sink Term Information 
case 

source 
A sink 

unit 

atoka 
smwn 

distance between unit top and culebra (m) 

3798 
3706 

unit head 
- culebra head 

(ml I 
2659 1 l.37e-5 
280 1 -1.48e-6 

0.22 
-0.02 

Q 
(m3/s) 

Q 
(gpm) 



Waste Panel Area 

Land Withdrawal Boundary (LWB) 

Local SECOFL2D Model Bounda 

Figure NS7b.4a. Thirteen ParticIe Tracks from the Fastest Flow FieId for the Full Mining Case 



Local SECOFL2D Model Bounda 

Figure NS7b.4b. Source and Sink Cell Assignments for Interconnections Study 
for the Full Mining Case 



Figure NS7b.5a. Thirteen Particle Tracks from the Fastest Flow Field for the Partial Mining Case 
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Figure NS7b.5b. Source and Sink Cell Assignments for Interconnections Study 
for the Partial Mining Case 



H = 930m 

Source Case I: L = 3798m 

- H = 3589m 

Not to scale 

- H = 930m 
A 

Boreholes each heve a cross sectional area oi 0.196m2 
K = I . o x ~ o - ~ ~ / s  

Sink Case 

Figure NS7b.6. Application of Darcy's Law to Calculate Fluxes through Boreholes 
Connecting the Culebra to Deeper Units 

L = 3706m 

t - H = 650m 



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.l. 
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 112 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 NSSb.3 Changes in Mean Travel Times for Vectors in which 
Lnterconnections were Considered. 

I time Cm) ( (applied to vector in coiumn bj I 

1 a b I c 
vector; vector. 

slowest mean travel fastest mean travel 
new mean navel time due to 

borehole interconnection 

vector R094 
mining 696,749 

As discussed in the Approach section. (f  * cv) can be used to esrimate the sensitivies 
of the epv to the parameters that make up equation 3.0. Data was readily avaiiable 
from the PA Database to compute these terms for alI of the parameters excepr for q . 
The travel time analysis primarily dealt in travel times, t, as opposed to darcy fluxes, q . 
By Gauss's approximation formulae (Blom, 1989), it can be shown that: 

partial 
mining 

where L is travel distance, which is relatively constant. 

vector R095 
3.1 13 

Then, since 

(yTs) 1 
1,787 
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2,756 
vector R094 

228,105 
vector R030 

3,694 



Figure NS7b.7 Scatter Plot of Travel Times: Partial Mlning Case 
(with interconnection for rank # I )  





it follows that 

And, assuming an equivalent porous media, for purposes of particle tracking only, and 
that 6 is a constant (the implementation that was used in the flow analysis): 

The table below summarizes the key information. 

Table NS7b.3 Suxijmary of StatisticaI and Sensitivity Data for Parameters 
Associated with Equation 2.0 

J I 

t partial mining 
q full mining 
4 partial mining 

The sensitivity of the PA to the variables O m ,  Of, k, (pu239), and q , can now be 

approximated through these surrogate values. As can be seen in the final column of the 
above table, the PA & r i l l  be most sensitive to k,  . The q s are a distant second, with 

respect to sensitivity, followed by 8, and ef respectively. 

std. dev. I f 
3.5e-2 1 5.7143e-6 

cv 
0.21875 

Parameter 

0, 

5.5 m'kg k, 

t full mining 

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 partid mining are compared to the ori,oinal ones in Table NS7b.5. 

ffcv 
1.25e-6 

mean 
.16 

10 m'kg 
(pu39 ensemble) 

73,996.94 y 
25.715.84 y 1 2150.231 y I 1 0.083615 1 

na 
na 1 na na 1 

-- - 

P b  

1 

1 0.55 

6?59.216 y 1 na 1 0.088486 

0.088486 1 0.088486 
0.083615 0.083615 

na 
na 

consrant no range 
1.8e3 k$m3 

-0.55 

na 1 

(1, by 
na default) 

na 
na na I na 



I I interconnections 1 intercomections I 9b change 1 
Table NS7b5 Effect of Interconnections on Sensitivities of Darcy Velocities 

Parameter 

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

no I with 

sensitivity, 
sensitivity, din, 

Basis for Recommended Screening Decision for NS7b 

A set of extreme-case calculations was conducted to estirnate 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 kd, than to q . Inclusion of 

interconnections, which could widen the range of possible q values, will not change 
this relationship. In fact, the changes in the sensitivities for the q s (due to 
interconnections) are less than 0.025. 

0.088486 
0.0836 15 

Therefore thls FEP is screened out on the basis of low consequence. 
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.01808 
. .0031 
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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. 

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

Model characteristics and parameters: 

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

Local grid and associated boundary conditions and material properties also from 1996 P.4 Cuiebra regional 
flow model. 

Full Mining Case. Uses T-field from vector R095, replicate 61. 
Internal fluid 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 rn5/s. 

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

Parrial Mining Case. Uses T-field from vector R030, replicate $1. 
Internal fluid source at cell at row 60. column 33 of regional model 
(corresponds to x=3 199m. y=55 1 1 m in local model domain). 
fluid injected into Culebra at a constant rate of 1.37e-5 m5/s. 

Lnternal 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 m3/s. 

Names of Participants: 
Michael Wallace Dept. 6849 (REISPEC, Inc.) MS 1328 
Martin Tierney Dept. 6848 MS 1328 
Rebecca Blaine Dept. 6849 (EcoDynarnics, Inc.) MS 1328 

Dates Analvsis Conducted: 
Summer, 1996 



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 perrneabilities 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) beween 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 unirs 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 identified unich 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 conuolled 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 conuolled not only by the relative pressures 
between the Culebra and those other unirs, but also by their relative permeabilities. 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 AEEA) 

Michael WaUace: 100 hrs. Rebecca Blaine: 50 hrs. Tech Reps 20 hrs. 
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Documentation of Chan~es from Work ~nalvs i s  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. 



Software: 
Title and version of software used: 

Pre-Processor 

GENMESH, Ver. 6.08 
1-31-96 
MATSET, Ver. 9.00 
2-20-96 
RELATE, Ver 1.43 
3-6-96 
POSTLHS, 4.07 
2-7-96 
'Algebra 2.35 
1-3 1-96 
preSECOFL2D, Ver. 4.05 
6- 1 1-96 
Analysis 
SECOFL2D, Ver. 3.03 
5-7-96 
Post Processor 
posrSECOFL2D, 4.04 
4-23-96 
TRACKER, Ver. 5.01ZO 
3-8-94 
Spreadsheets 
Microsoft Excel Ver. 5 . 0 ~  

Plotting and Data Presentation 
Packages 
BLOTCDB Ver. 1.37 
6-4-96 
Adobe Illustrator Ver. 5.0 

NS7b Calc 
partial mining 

run dates 
6- 12-96 

6- 12-96 

6-12-96 

6- 12-96 

6- 12-96 
I 

6- 17-96 

6- 17-96 

6- 17-96 

6-17-96 

various dates 
summer, 96 

various dates 
summer, 96 

various dates 
summer, 96 

NS7b Calc 
full mining 
run dates 
6- 12-96 

6-12-96 

6- 12-96 

6- 12-96 

pointer to SWCF 
records 

WP023290 

WP023560 

WP022267 

U'021464 

6- 12-96 
I 

6- 17-96 
I iW021247 

WP032397 

6- 17-96 WP037271 

6- 17-96 WP023298 

6-17-96 &TO7483 

I 
various dates 
summer, 96 

various dates 
summer, 96 

various dates 
summer, 96 

na 

W 0 2  1260 

na 



Pointer to SW CF 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 F9508 1. 

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:/datdparamete, as parrnin2.xls and 
fulmin2.xls, respectively. 

The function of each of these moduIes was to read in 100 individual fiIes that had been 
temporarily imported over to this PC from the WlPP Alpha Cluster. Each fde 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. 



I mactime Macro 
I Macro recorded 4130196 by Authorized Gateway Customer 
Sub mactime() 

Counter = 0 
Do While Counter < 9 'Loop. 

Counter = Counter + 1 ' Increment Counter. 
Workbooks.OpenText Filename:="C:\DATA\ParameteROO'l & Counter & ".DATW, 

Origin:= - 
xiwindows, S tartRow:=i , DataType:=xlFixedWidth, Fieidhfo:= - 
Array(Array(0, I), Array( 12, 11, Array(% 11, Array(36, 1). Array(48, 11, - 
Array(60, 1). Array(72, I), Array(84, I), Array(96, 1). Array(l08, 1). Array(- 
120, 1). Array(132, I), Array(144, 1)) 

ActiveWindow.Lar,oeScroll ToRight:= 1 
Range("A1 :M1 ").Select 
Selection.Copy 
ActiveWorkbook.Close 
Windows("parmin.XLS ").Activate 
ActiveSheet.Paste 
Range("AU & Counter + l).Select 

Loop 
End Sub 
' mactime2 Macro 
' Macro recorded 4130196 by ,4uthorized Gateway Customer 
Sub mactime2() 

Counter = 9 
Do While Counter < 100 'Loop. 

Counter = Counter + 1 ' Increment Counter. 
workbooks.OpenText Filenarne:="C:\DATA\ParameteW" & Counter 8r ".DATn, 

Origin:= - 
xlwindows, S tartRow:=l, DataType:=xlFixedWidth, FieldInfo:= - 
hay(Array(0, 11, Array(l2, I), Array(24, 11, Array(36, I), Array(48, I), - 
Array(60, 11, Array(72, I), Array(84, I), Array(96, I), Array(lO8, I), Array(- 
120, I), Array(132, I), Array(l44, 1)) 

ActiveWindow.LargeScroll ToRight:=l 
Range("A1 :M1 ").Select 
Selection.Copy 
ActiveWorkbook.Close 
Windows("parrnin.XLS").Activate 
Activesheet-Paste 
Range("A" & Counter + l).Select 

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

Sub mactimeo 
Counter = 0 
Do While Counter < 9 'Loop. 

Counter = Counter + 1 ' Increment Counter. 
Workbooks.OpenText Filename:="C:DATAWaramete\ROO" & Counter & ".DAT, 

Origin:= - 
xlwindows, StartRow:=l, DataType:=xlFixedWidth, FieldTnfo:= - 
Array(Array(0, 11, Array( 12, I), h a y ( 2 4 ,  I), Array(36,- l), Array(48, 11, 
Array(60, I), Array(72, 1 ), Array(84, I), Array(96, I), Array(lO8, I), Array( - 
120, I), Array(132, I), Aray(14-4, 1)) 

ActiveWindow.LargeScroll ToRight:= 1 
Range("A1 :M1 ").Select 
Selection.Copy 
ActiveWorkbook.Close 
Windows("fulmin.XLS").Activate 
ActiveSheet.Paste 
Range("AN & Counter + l).Select 

LOOP 
End Sub 
' mac time2 Macro 
' -Macro recorded 4/30/96 by Authorized Gateway Customer 
I 

Sub mactime2() 
Counter = 9 
Do While Counter < 98 'Loop. 

Counter = Counter + 1 ' Increment Counter. 
Workbooks.OpenText Filenarne:="C:\DATA\Paramete\RO" & Counter & ".DAT", 

Origin:= - 
xlwindows, StartRow:= 1, DataType:=xlFixedWidth, FieldInfo:= - 
Array(hay(0, I), Array(l2, I), Array(24, l),  Array(36, I), Array(48, I), - 
Array(60, I), Array(72, I), Array(84, I), Array(96, I), Array(l08, I), Array(- 
120, I), Array(132, I), Array(14-4, 1)) 

ActiveWindow.LargeScroll ToRight:=l 
Range("A1 :M1 ").Select 
Selection.Copy 
ActiveWorkbook.Close 
Windows("fulmin.XLS").Activate 
ActiveSheet.Paste 
Range("AW & Counter + l).Select 

Loop 
End Sub 



Computer platform: 

AU codes other than the Spreadsheets and Plotting and Data Presentation Packages were 
run on the WlPP Alpha Cluster, open VMS Ver. 1.5. 

Spredheets  and Plom'ng and Data Presentation Packages (other than BL0TCDB)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 flles are located currently in the WIPP Mpha Cluster, F1: [fep.rlblain.ns7b] 

kile~haracterist ic  I Full Minina Case 1 Partial Mining Case I 

I ascii input ( presecofl-1 .inp / presecofl-2.inp 

presecofl2d input fdes 
cdb input fl-r095.cdb, 1oc.cdb 

general output data 
local 
re~ional 
com procedure 

fl-rO30.cdb, 1oc.cdb 

travel time ascii data, local 

particle tracks, local 

secofl-r095-1 .cdb 
secofl-r095-reg- 1 .cdb 
secofl-1 .corn 

secofl-rO30-2.cdb 
secofl-r030-reg-2.cdb 
secofl-2.com 

tt-r095-1 .dat 
tracker. inp 
track-r095-1 .cdb 

tt-1330-2.dat 
tracker.inp 
track-1-030-2.cdb 

I 



Schematic of Data Flow for NS7b: 

GENMESH 
(Defines gridded mesh) 

I 
'I 

MATSET 
(Populates the grid with 
material-property data) 

I 

1 
POSTLHS 

(Adds sampled values to cdb 
file) 

I 
v 

RELATE 
(transfers t-field to :he above cdb file) 

1 
ALGEBRA 

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

1 
I 

PRESECOFL2D 
(Transforms all input data to required 

binary formats) 

1 
SECOFL2D 

(Solves governing PDEs for head and 
thereby velocity) 

I 
POSTSECOFL2D 

(Adds SECOFL2D results to cdb file) 

TRACKER 
(performs particle track analyses) 

BLOT 
(Generates plots) 
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Documentation of deviations from baseline data set, includinp 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.l Summary of 96 PA Particle Tracking Study 

This summary is adapted from the Analysis Recorh Package for the Culebra Flow 
and Transport Calculations (Task 3) of the Performance Assessment Analyses 
Supporting the Compliance Certification .4pplication, Analysis Plan 01 9, 
SWCF-A: WA;1.2.07.4.I:QA. 

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 fiom 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 propam. Series -4 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 
confi,wations 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 rims are performed assuming equivalent porous media flow, 
with a constant porosity of 0.16. In the ?ill PA, dual porosity transport is assumed, 
and the porosities vary fiom one realization (and therefore, configuration) to the next. 
Therefore. these calculated travel times do not re~resent expected actual travel times. 
In fact. these calculated travel times can differ significantlv. bv as much as several 
orders of maenitude. 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. 
7 . Diagnostic tool for review of SECOFL2D results and to aid in iterative 

gidtmodel 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 fiom the center of the waste panel footprint (within the Cdebra). 

Particle tracking was done using the TRACKER code. TRACKER develops particle 
tracks and travel times by first reading in darcy velocities, e, and q, (ds ) ,  fiom the 
CAMDAT data base for each SECOFL2D run (and its corresponding T-field 
conQuration). An origin cell is specified for each particle. The thirteen cells that 
exqend fiom 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 years, whichever 
came first. 

For Replicate 1, a total of 2600 individual particles were tracked; thuteen per 
configuration, with two subseries of 100 confi,wations each. 200 plots were made of 
the particle tracks, at one plot per conti,mation, 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 cod-mation 
means) of the travel times were calculated. Tables APNS7b.l and APXS7b.2 
summarize all of the travel times and the associated statistics for the base cases without 
interconnections. Tables -4PKS7b.3 and -4PNS7b.4 summarize all of the uavel 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 codigurations are ordered according to ma,gnitude 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.o.m.). Spreads of travel times for individual configurations 
can range fiom relatively narrow (<I 0.o.m.) to relatively large (1 0.o.m <= spread <=2 
0.o.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. 









Table APNS7b.2 





Table APNS7b.2 

original orlglnal new PARTICLE NUMBER - - - -- - -.- -- - I.__. _. .... _. . _  . _ - _  . ._ _ _  ___ _- - -  
cca run X T-field # rank # I  #2 #3 #-I # 5  X6 17 #8 #9 #I0 tll #I2 #I3 mean slddev . var 

44 42 87 269032 229105 134041 95698 84924 84200 100134 101402 94431 130872 115345 139744 224035 138698 61651 3.80EtO9 _ _  __-- _- 
77 3 '  - .  88 .- 74784 -- . 158124 443633 456308 80171 25477 20269 449971 41511 28424 17999 10837 15305740878 1806823.26~+10 

.- 
88 89 137209 121682 116295 118830 122633 96966 -6% 1277013 109858 -222450 -284242 177453  -4431140G14 55584 3.09E+09 - -  - 2 3  -.----- 
82 93 80 154004 153687 -?7307 117246 137209 129287 107106 131506 13974_4 -145131 _1117711) 118513 108373 144376 39375 1.55E+OQ - - - - - -. - 

.~ .. ~. 

- coefliclent of varlatlon 0.08849 - 





Table APNS7b.3 

ver 
8.7& 
8.48E+07 

2.33E+07 
1.74E+07 
2.33E+07 
4.38E+O7 
7.34E+07 
2.64E+07 
2.05E+07 
2.72E+07 
1.86E+07 
1.82E+08 
8.69E+08 
5.596+07 
8.35E+07 
3.58E+07 

orlglnal orlglnal new PARTICLE NUMBER - -. .- - -  -- -.- _ .-- .-I ^. . . .  . _-__ 
cca run # T-field X rank X i  #2 #3 #4 #5 #G $7 $8 $9 #10 #11 # I2  # I 3  mean sld dev 

20 9354 
70 - - - 

.-.ii 
- .- - .. - .  .- - '- . -. - . 5070 4405 4722 4563 13558 8048 

68 5 lo9g6 
- - -  ...-A .. -. 

14640 13341 11725 10330 10616 11281 11851 13658 14925 16098 -i7862 - - ~ % ! 6 ~ - i 3 8 4 3 7 E % ~ ~ + ~ 6  - -  - - -- ---- - . -- 
57 4 5  22657 18728 22657 15147 12675 13087 13848 11313 10235 9506 9031 9253 10109 13711 4822 -- - - -- - -- 

50 68 46 14006 15464 19013 20312 18791 12644 9918 17397 13879 12802 10045 8334 7669 13867 -- - -- - - - - .- . . -- - - - - - - - - - - - - . - - . - - - -. -- - - .. . - 
56 . 58 47-19615 18664 18094 1 7 4 2 8 7 2 5 6 2  14672 12263 11408 10077 9063 9158 9094 8841 13918 
87 

-- --- --- .- 
39 48 25414 25477 21770, 17492 14291 -11820  11154 -11_21! 11186 l 0 l ' j  -_8812 6940 6243 13933 -- -- 

77 5 9  49 4 0 E 8  13467 14988149s- -10774  10647 12263 15495 15749 13119 10457 6940 6021 14291- -- -- --- - - .- -- 

46 82 50 22784 21675 20787 18031 15812 14306 13372 12390 10996 9760 8841 8809 8302 14304 -- 
~ 

14 26 51 19837, 20851 15495 15939 15676 12770 13721 - 10932 7415- 5957 14447 _ 13253 15084 -20185 -- - - -- - - - - -- . 

40 53 52 26333 20375 16256 14260 13151 10362 8904 7098 10172 12992 1 3 7 5 3 1 6 9 5 3  18569 14552 -- -- -- -- - -- - 
9 76 53 15464 19045 24685 22499 14450 12422 12770 12992 13626 14925 12802 11281 10520 15101 -- ----- -- --- - ----- -- - 

7 5 78 54 17650 15907 15305 15464 15369 _ 15432 15971 17365 _-I7175 1 14703 13087 13689 14640 15520 -- 
82 93 55 15781 13943 11186 10901 13055 15464 13879 17935 19330 18854 16858 18506 18886 15737 -- -- .- .------ -- - 
47 -.Ao 56 30009 27410 20217 13531 15305 8619 10045 16224 20819 19108 11091 7478 5057 15832 

. - .- .. - .- 
4 1 -- - -- 9855 12770 17143 19678 21453 29502 33272 29565 16251 57. 10362 8302. 6528 5894 6 ! 4 !  -. 
2 1 84 58 9760 11313 14291 13753 12263 12770 13531 15876 14893 16985 20217 27315 29597 16351 - ~~ - 

4175 
4823' 
8606 
8565 
5137 
4532 
5219 
4308 
1349 
2949 
7477 
9668 
5991 

29 ---15 59 26111 22974 20154 19425 18284 16985 16034 14386 13594 13721 14006 14038 13341 17158 -~ .- -- 
6 54 60 13372 15464 15686 15876 18316 ,17904 _-_18_886 _2!_8ll _ 22023 ___1!831 ---I8569 17872 17428 17826 . - -- - --. 

15 75 61 8683 6496 4943 4436 10520 21706 45948 36124 26903 23132 20946 16351 14608 18523 -- - -- - 
13 14 62 28773 26364 23798 19330 17714 17270 15686 15591 16731 17365 17872 18316 18316 19471 -- -- - - -- - - ---- -- --- 
90 100 63 19171 18506 17524 17524 17745 17745 18949 20439 21992 21928 21992 22087 22530 19856 

__- --.?e -6s L=SC - ~ 3 e  - 1 ~ ~ 2 4  AEL-.;;;;; . . .~YF -1.8180 - - z ! T ? ~  2 1 1  15 .. 2 ~ 1 5 9  .2(150(1? 30040 ~ E ! .  -ZE .= 3.53~+07 
53 66 69 44363 63376 50701 28741 -- - - .. ~ -- 13436 16351 14133 13594 11820 10172 9538 8968 23235' 18% 3.25E+08 

24875 22308 
-.- - -  

26 fiT 
- . .. .- - - - - 

36 - 1 70 4151 1 35808 29660 17840 15749 16890 18316 22403 27917 24590 24980 7553 5.71EtE - 
52602-43096 -4Zi45 -314j5 

.. . . .  ----- 
9 7 - 16953 11851 10457 10394 10964 11313 11154 11376 25407 19% 3.81E+08 37 71 66545 
73 98 72 46265 3 5 8 0 0 3 3 2 7 2  2 5 2 2 4 2 2 4 9 9  24527 25382 24495 23101 21009 17080 18379 16129 25628 8387'7.03E+07 - 

~ 

PI 1 95 - 73 68763 41828 30072 25255 7 0 6 1  20502 19995 27101 14203 2.02E+08 1;:;; j 9 l 9 . 3  
13g933 1li981 2 2 2 1 1  2 2 0 2 3  

98 90 74 35491 38124 36441 35808 35124 313_09 -_-3330 ___??389 1,3462 13214 27717 10578 l.lZE+OB 12707 -- -- - - - - -- - -- - 
2 2  !!?: ---3_5 26523 -23101 -_2_0629 18886-1?1! 4 _ -!?900 .-259?1..-34_540 -._38_?43 39810 ... 34540.308_01-34223 28058 7 = .  -w7 
-- - 8 0  ~3 - 7 e _  5 7 6 7 2  --47849 2 4 5 0 4  -36124 44046 -. 4151 1 -29342 - - . 3 ~ 1  -..187_2! -.EE - - - ~ 2 4  -2g.l-228 30658 18218 3.32~+08 

27 88 77 71932 46265 40878 38659.75129 21009 19742 29818 __-2422q _-,24_!51, 26903 31688 29185 33053, 14096 1.99E+O8 - 
2 2 78 63693 60841 58306 42145 28076 23132 21294 21136 20471 19678 20851 23861 29438- 33302 16876 2.85E+08 - -- - 

26 79 36124 44997 58722' 50384' 30072 40878 24907 21928 37709 50067 16414 12770 11693' 33436 15074 2.27E+06 - - . ? Q  -- --- - - - . - - - - .. .- - . - . - -- 
65 34 20 47532 51018 5 4 8 2 0 6 4 6 4 4  56722 - 2 6 ~ 1 6  -22467 18664 !7!67 -.18_1? --129_35 ,--225! -- !~1'133463 18228 3.32E+08 - -- -- -. 
5 1 74 6 1  35491 32956 32639 33589 33589 30579 27981 27917 31244 37709 43413 42145 35491 34211 4720 2.24E+07 -- - -. - 

a2 42778 -4 -TG5'-- 3aGj 37706371075 36iii -3ii9i ..-34i57 34.g40 .-.j 4.54-b . '  j26;j9 .-.30T0i 2-8T33-35m 4082 .67E+07 
.- 

61 
69 65 83 80171 -54820 48166 25794 2 i7 ;o  ^-i69B'J I ~ G B B  ' Go31  23069 -^30737 '46265 '-55137 -5i335 -375% 19850 3.94-0 -- - -- --__- -- 

84 67179. 93163 43096 4277g-60e)ii 
- -.-- --- 

74 56 27505 22372 21485 20566 20154 16953 23417 31593 37777 23113 5.34E+08 -- -- -- --- -- ~. ------ -- 
48 - 83 .- - - 85 - 44997 '41195  - 38026 3 6 1 2 4 3 4 5 4 0  32005 33272 44363 56722 55137 -41195  31371 28234 39783 8784 7.72E+07 - - ----- ..- - - . -- .-  . .. ,. .. - -  - A - -- 
44 42 86 121365 89360 74784 58940-44600 '45314 33272 28424 23037 21892 18062 15844 16319--454z 32532-9, 

4053 
2470 

- - 
35 2 !  
92 -- 
52 . .  
60 - 

12509 
4155 
2016 
5283 
8927 
9488 
7339 

-. - ---- --- - 
64 23798 21453 33272 19837 28107 20566 19235 16605 16224 17048 17365 16066 15464 20388 - -~ ~ .. - - -- 

94 6 5 ? 6 7 5 8 3 2 6 % 3 4 5 & <  26935 18157 15559 14830 14418 14355 13689 12675 13087 23386 20848 - -  - 
- 32639 2.734G -3 6=-3 0262 

- -. .. --- ---- .- --- - -  
70 66 31688 14925 12897 12390_-12865--118_5_! 11503 15400 20917 - -  -*o?a!  - _--- 

- - - - -- - --- -- - 17017 18886 19266 21065 1 67 38026 z4432 19140 34223 22974 - 1  3309 --! 5527 - 1 6 5 0 9  -18256 1E84 - 
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1.73E+07 
4.07E+O6 
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Table APNS7b.3 

orlglnal orlglnal new PARTICLE NUMBER --- -- - - -  -- _. _ . - . . . -  
# . .  

- -- - -- 
cca run # T-field # rank # I  #2 #3 #-I #5 #6 #7 #8 #9 # l o  #12 # I3  mean std dev . var 

8 99 87 155589 249068 39610 30516 29026 22784 13087 12834 19013 12580 14038 14957 15020 48317 71448 5.10E+09 - - 
96 24 58940 58940 65594 51018 44363 37709 36441 36441 37392 42462 45948 53238 80841 48410 10338 1.07E+08 . - -  .-as ---- -- - -  -. - - -- -- 
54 20 89 53236 77953 73199 74150 158124 64644 24368 18538 24210 24717 14767 13531 13404 48834 41496 1.72E+09 -- -- -- __. 

62 

94 
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Table APNS7b.4 

original orlglnal new PARTICLE NUMBER 
- - - -  -- -- -- ' 

..rib- ' 
- 

#2 
-.-- 

cca run # T-field # rank #1 #3 #4 #5 #6 #7 #8 #9 # I 1  # I2  # T m e a n s t d d F  var 
44 42 87 269032 229105 134041 95698 04924 84290 100134 101402 .-.-94431 130872 115345 139744 224035 138898 61651 3.80E+OQ - - - --- - .- ' - -- - - -- 

.- BOl ,, -. - .  . ..- - .. -. - .. . . 
77 

.. .. . - -- ---- 
59 74784 158124 443633 458308 17999 10837 15305 140678 180692 -0 - -  O !  ------- -25177. . . ~ezes  ! ..!~?i' ? ? r ! !  . . . -- 
73 89 137209121682 116285 118830 122633 96966 102036 127703 109958 222450 284242 177453 94431 140914 55584 3.09E+09 - - - - -. - - - - - -. - - 

82 
----- - -  -> - -  -- -- -- 

93 90 154004 153687 257307 117246 137209 129287 107106 131506 138744 145131 177770 118513 108373 144376 39375 1.55E+09 

0.0885 
- 
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