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1. Introduction

This report discusses the analyses of hydraulic tests performed in the Magenta Member of the
Rustler Formation (Figure 1) at the Waste Isolation Pilot Plant (WIPP) site between December
1978 and June 2009. These analyses were performed in accordance with the Sandia National
Laboratories (SNL) Analysis Plan for Non-Salado Hydraulic-Test Interpretations, AP-070,
Revision 2 (Beauheim, 2009). The computer code used for analysis was nSIGHTS (n-
dimensional Statistical Inverse Graphical Hydraulic Test Simulator), version 2.41. A detailed
description of the approach followed in these analyses can be found in Beauheim et al. (1993,
Appendix B) and Roberts et al. (1999, Chapter 6). The data analyzed for this report were
collected at the following wells: DOE-2, H-2a, H-3b1, H-4a, H-5a, H-6a, H-8a, H-9a, H-10a, H-
14, H-16, H-18, WIPP-18, WIPP-27, and WIPP-30.

Depth (m)

TRI-6801-87-0

Figure 1. WIPP stratigraphy.
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2. nSIGHTS Overview

The nSIGHTS code consists of two independent applications: nPre.exe and nPost.exe. The pre-
processor and simulator, nPre, is used to process the field data prior to analysis, set up the
mathematical model, and then run the model in inverse mode to estimate the hydraulic
parameters of interest, e.g., transmissivity (7), storage (S), etc. It also generates the data used to
quantify the uncertainty associated with those hydraulic-parameter estimates. The post-
processor, nPost, processes the results stored in the nPre output files, allowing graphical and
statistical analysis of the simulation results.

All field data used in each analysis are entered or read into nPre and stored in a configuration file
with an nPre extension. The field data include well radius, tubing-string radius, formation
thickness, fluid density, and the transient pressure and flow-rate data. All input field data,
including the reference ERMS numbers and field notebooks for each well, are listed in Appendix
A.

The conceptual model chosen based on the characteristics of the test response determines the
fitting parameters that will be estimated for each analysis. The model fitting parameters for each
analysis are specified in the nPre configuration files named for each of the wells. Five hundred
(500) sets of optimized fitting parameters were generated for each analysis in this report as part
of the fitting-parameter uncertainty calculation. These 500 optimized parameter sets are stored
in the nPre output file with an nOpt extension. The corresponding transient pressure simulations
are stored in an nPre output file with an nX¥sim extension. Both the nOpt and nXYsim files are
read by nPost and all of the post-processing results are stored in a configuration file with an
nPost extension.

The nSIGHTS input and output files for each tested well are stored in a directory structure like
that shown in Figure 2.

EEX

Ele Edit View Favorites Tools Help g'.
e Back v i, @ /ﬂ Search % Folders .
Address | £ C:\NSIGHTS\Culsbra\C2737 ] - E
Folders X Name o
= I Culebra ~ @Data
= & [EEh (D)Figures
2 Data . @QPost
i) Figures [ c-2737.nPre
i) Post
B ) MC 461
® ) SNL-1
® ) SNL-13 3 & 5

Figure 2. Directory structure for Culebra nSIGHTS analyses.
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The nPre configuration file is stored in the folder named for the tested well in a directory named
for the strata tested (Figure 2). Transient pressure and flow-rate files are stored in the Data
folder (Figure 3) and all nPre output files as well as the nPost configuration file are stored in the
Post folder (Figure 4).

Ele Edt View Favorites Tools Help &
- = = i
Qo - O (F 7 somh | roas | [
e o L ==
Address |E3) C:\nSIGHTS\CulebralC2737\Data v e
Folders X Name =~ Sze  Type
DD cdebra TN [Reerarqdat S6KB DAT File
2 ) 277 @C-Z?ST (C)_5-sec_Flow & well Level Data_03-04 to 03-05-04.csv S75KB  Microsoft Office Ex|
o B C-2737 (C)_5-sec_Flow & Well Level Data_03-04 to 03-05-04_2.csv 662KB  Microsoft Office Ex
©) Figures |%)¢-2737 BPET Corrected Data.Dat 938KB DAT File
& Post B C-2737 Qucsv 383KB  Microsoft Office Ex]
© ) IMC 461 [3)c-2737 RAw Data.Dat 1,025KB DAT File
® 3 sM-1
# D sNL-13 v € >

Figure 3. Data folder containing the pressure and flow-rate files for nPre input.

File Edt VYiew Favortes TJools Help H’

Qo - ¥ "/“Sea'ch“E-Fddus -

Address | I CnSIGHTS CulebralC2737\Post - )
Folders X MName = Size Type Date Modified
o SO cdbra a Blcz7arFed datanysim 276KB  NXYSIMFile 3/6/2006 10:46 AM
=) 2737 C-2737 Perturb.nOpt 6,016 KB NOPT Fie 3/3/2006 6:32 PM
&) Data C-2737 Perturb.nXYSim 22,016 KB NXYSIM File 3f3/2006 8:32 PM
& Figures 3 C-2737.nPost 15KB nPost Document 3{15{2006 9:32 AM
=)
(D IMC 461
2 st
¥ 0D SNL-13 v

Figure 4. Post folder containing simulation output and post-processed data.
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3. Test and Analysis Procedures

Single slug-injection tests were performed in wells H-2a, H-3b1, H-4a, H-5a, H-6a, H-8a, H-9a,
H-10a, and WIPP-30. Two slug-injection tests were performed in WIPP-27. A single slug-
withdrawal test was performed in WIPP-18 and a drill-stem test was performed in DOE-2. Three
consecutive slug tests were performed in H-14 and H-16. For all slug tests, the pressure
recoveries were monitored until static formation pressure was reached. A pumping test was
performed in H-18 using a constant rate of 0.5 gpm. The location of each well is shown in Figure
5. Slug and pumping test analyses included the fitting of Cartesian pressure data, derivatives of
normalized pulse/slug responses (Ramey A, Ramey B, Ramey C), and pressure change and
pressure derivative (log-log diagnostic) as described by Bourdet (1989).

-
WIPP-27

WIPP-30

DOE-2
_——‘
H-5a-
HAB . WIP:’JH
H-16

H-2a =

H-3b1

H14

Landsat imagery obtained through EDAC Imagery OGC Web Map Services

Figure 5. Locations of tested wells.
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All the nSIGHTS test simulations incorporated pre-test pressure records of various durations as
“history” periods where the associated pressures were simply specified in the simulations.

Test analysis involved finding the values of the fitting parameters that produced the best
simulated matches to the pressure data collected during the slug, DST, or constant-rate test and
subsequent recovery period. In addition to the formation properties of interest (principally
transmissivity (7)), tubing string radius was also included as a fitting parameter in the pumping-
test analyses so that nSIGHTS could exactly match the amount of wellbore storage observed
during the test. The main objective of these analyses was to estimate T in the vicinity of each
well for subsequent use in 7-field generation and WIPP performance assessment calculations.
Correlation between estimated T values and the other fitting parameters reported in Appendix B
would be of interest if these correlations resulted in large uncertainty in the estimated 7 values.
The uncertainty in the estimated T values, however, is relatively small, so any correlation
between 7" and other fitting parameters is not of concern.

The uncertainty quantification method applied to the analyses in this report is a process referred
to as perturbation analysis. In this process, preliminary analyses are performed in which a
reasonable fit is obtained to the specified constraints defined in the nPre configuration file. The
resulting values of the fitting parameters are the baseline solution set — a single value for each
fitting parameter that provides a satisfactory fit to the data (satisfactory being a judgment call on
the part of the analyst). Perturbation analysis begins by assigning a plus/minus range
corresponding to the parameter space one wishes to investigate to each of the baseline fitting-
parameter values. These plus/minus fitting-parameter ranges for each analysis are listed in
Appendix B. Starting at the baseline value, the fitting parameters are randomly perturbed to fall
somewhere within their assigned ranges and are then optimized from these random starting
points. The objective of perturbation analysis is to sample the parameter space adequately and
locate all of the minima within the parameter space. By definition, the parameter-space
minimum that provides the best quantitative fit to the data, measured in terms of the smallest
sum of squared errors (SSE), is the global minimum (assumed true solution), and the other
minima are referred to as local minima. Local minima are effectively localized depressions in
the parameter-space topography that trap the inverse regression algorithm during its attempt to
find the global minimum — the smallest SSE. If multiple data types are included in the match,
e.g., if pressures, pressure derivatives, etc., are matched simultaneously, then the weighted SSE
values for each component are combined and the overall goodness-of-fit measure is denoted in
nSIGHTS as the fit value.

Five hundred perturbation/optimization runs were performed for each of the analyses discussed
in this report. A visual assessment of parameter-space plots for each fitting variable and a visual
assessment of the fits themselves were all used to determine the value of the "fit discriminant".
The fit discriminant is used to reduce the perturbations under consideration to only those within
the best-fit minimum, and sufficiently close to be subjectively considered "acceptable” fits. All
perturbation results for which the fit value was less than the fit discriminant were deemed
acceptable solutions and are included in the final range of reported values for each fitting
parameter. In some cases, the original baseline solution may not fall within the global minimum
defined through perturbation analysis. The final number of satisfactory perturbation results for
each test is reported in the Section 4 figure captions.
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4. Magenta Analysis Results

Discussions of the Magenta test analyses for reported wells are given below. A summary of the
T estimates obtained from perturbation analysis of each test is shown in Table 1. The full range
of T values from which the statistics in Table 1 are derived is presented as a scatter plot in each
section below and a full listing is contained within the nPost configuration file for each analysis.

Table 1. Magenta Transmissivity Estimates.

Magenta Wells Geometric Log Log Log Variance
Mean Geometric | Minimum | Maximum
(m?*/s) Mean (m?/s) (m?/s)
(m*/s)
DOE-2 1.21E-08 -8.745 -8.869 -8.648 9.93E-21
H-2a 2.72E-09 -8.566 -8.58 -8.55 4.76E-24
H-3bl 4.17E-08 -8.24 -8.94 -8.02 4.81E-18
H-4a 6.37E-08 -7.196 -7.196 -7.195 2.05E-24
H-5a 1.16E-07 -6.937 -6.97 -6.91 9.25E-20
H-6a 9.02E-07 -6.81 -6.87 -6.72 9.28E-17
H-8a 7.35E-09 -8.134 -8.18 -8.10 1.44E-21
H-9a 9.70E-07 -6.013 -6.39 -5.82 8.23E-16
H-10a 4.13E-06 -6.25 -6.45 -5.93 4.79E-15
H-14 3.23E-09 -8.491 -8.492 -8.490 2.08E-25
H-16 2.99E-08 -7.525 -7.53 -7.52 2.37E-23
H-18 (@11.10 m)* 5.28E-07 -7.12 -7.19 -7.07 8.77E-18
H-18 (@153.45 m)* | 8.29E-08 -7.93 -7.94 -7.91 8.89E-21
WIPP-18 1.90E-07 -6.720 -6.82 -6.66 3.57E-18
WIPP-27(@0.06 m)* | 5.76E-07 -6.98 -7.24 -6.36 3.87E-15
WIPP-27(@68.60 m)* | 3.96E-02 -1.40 -2.45 -0.01 7.30E-03
WIPP-30 1.06E-08 -7.973 -8.04 -7.90 4.73E-21

*In cases where multiple transmissivities (typically called a Composite Model) were used to fit the data, each

progressive T value was assigned a distance from the borehole.
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4.1 DOE-2

The Magenta interval of well DOE-2 was drilled and cored between August 28 and September
18, 1984 (Mercer et al., 1987). The well was deepened from May 5 to June 8, 1985, and a
surface casing was set to a depth of 39 ft. At the Magenta, the outer diameter (OD) of the well
was 12.25 in with a 9.625-in surface casing that contained 2.375-in OD tubing. The siting for
DOE-2 was based on a depression in the Salado Formation defined by Borns et al. (1983). A
physical description of the well is detailed in Figure 6.

A Drill Stem Test (DST) was initiated in the Magenta at DOE-2 on October 13, 1984, (Mercer et
al., 1987). Testing concluded on October 15, 1985. The data used in this analysis are shown in
Figure 7.

The DOE-2 nSIGHTS simulation consisted of four sequences. The details of each sequence, i.e.,
start/end time, pressure, etc., are specified in the DOE-2.nPre file and are listed in Appendix B.1.

The specified DOE-2 conceptual model, chosen because it was the simplest model consistent
with the available information that produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage. The range of T values derived from perturbation analysis is
shown in Figure 8. The geometric mean T estimate derived from this analysis was 1.21E-8 m®/s.
The Cartesian, Ramey A, Ramey C, and log-log pressure buildup diagnostic simulations
corresponding to these T values are shown in Figures 9-12, respectively.
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DOE-2
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9.625 :?sD| Sgsmg 12.25"
Borehole
Transducers Q
Shut-in Valve Perforations
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(ﬁ CULEBRA

oY

846

869’

1009'

l-e—— 7.875" Open Hole
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&
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ground surface.

2. Not to scale.

Total Depth 4325’

Figure 6. DOE-2 well configuration during testing.
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Figure 7. Pressure data from Magenta in DOE-2.
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Figure 8. X-Y scatter plot showing the transmissivity parameter space derived from
DOE-2 perturbation analysis along with the fit discriminant and best fit values.
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Figure 10. Semilog plot showing 374 simulations of the DOE-2 DST flow period

Ramey A and derivative response.
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Log-log plot showing 374 simulations of the DOE-2 DST flow period Ramey C
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#Normalized Pressure
o Derivative
Simulations

10 0.0 100.0
Elapsed Time (min)

Figure 12. Log-log plot showing 374 simulations of pressure change and derivative

during the DOE-2 DST buildup period.
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4.2 H-2a

Well H-2a was part of a three nested well complex (with H-2b and H-2c) intended to create an
opportunity for interference testing and evaluation of the vertical conductivities between the
Magenta Member of the Rustler Formation, Culebra Member of the Rustler Formation, and
Salado Formation. The Magenta interval in well H-2a was drilled between February 19 and
February 22, 1977 (Mercer and Orr, 1979). The inner diameter (ID) of the well was 4.75 in with
a 10.75-in surface casing that contained 1.995-in ID tubing. A physical description of the well is
detailed in Figure 13.

The USGS initiated a slug injection test in the H-2a Magenta interval on February 15, 1979
(Huff and Gregory, 2006). Monitoring of the slug response was concluded on February 18, 1979.
The data used in this analysis are shown in Figure 14.

The nSIGHTS H-2a simulation consisted of two sequences. The details of each sequence, i.e.,
start/end time, pressure, etc., are specified in the H-2a.nPre file and are listed in Appendix B.2.

The specified H-2a conceptual model, chosen because it was the simplest model consistent with
the available information that produced an acceptable fit to the data, was an infinite-acting radial
system with wellbore storage. The range of T values obtained from perturbation analy51s is
shown in Figure 15. The geometric mean 7 estimate derived from this analysis was 2.72E-9 m 2/s.
The Cartesian, Ramey A, Ramey B, and Ramey C responses corresponding to these T values are
shown in Figures 16-19, respectively.
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Figure 13. H-2a well configuration during testing.
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4.3 H-3b1

The Magenta interval of well H-3b1 (previously designated as H-3) was rotary drilled on July 30,
1976 (Mercer and Orr, 1979). At the Magenta, the OD of the well was 8.75 in with a 6.625-in
casing and a 10.75-in surface casing. A physical description of the well is detailed in Figure 20.

A slug injection test was initiated in H-3bl (Mercer and Orr, 1979) on May 7, 1979, and
concluded May 9, 1979. The data used in this analysis are shown in Figure 21.

The nSIGHTS simulation of the H-3bl test consisted of two sequences. The details of each
sequence, 1.€., start/end time, pressure, etc., are specified in the H-3bl1.nPre file and are listed in
Appendix B.3.

The specified H-3b1 conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage and skin. The range of T values obtained from perturbation
analysis is shown in Figure 22. The geometric mean T estimate derived from this analysis was
4.17E-8 m?s. The Cartesian, Ramey A, and Ramey B simulations corresponding to these 7'
values are shown in Figures 23-25, respectively.

| nfor mation Only



Analysis Report
AP-070
Page 27 of 244

GROUND SURFACE

560:

(3388.7") -

18" Borehole
Conductor

Pipe 10.75°0D

8.75"0ia Orill Hole

6.625"0D Casing
24 Ib/ft

PERFORATIONS
(564'-592")

MAGENTA

584"

670"

Zone Access

PERFORATIONS
(675'=703)

CULEBRA

694-

NOTE:

1. Depths in feet below
ground surface.

2. Not to scale.

795" Bridge Plug Depth

PERFORATIONS
(813'-837")

864" Plugged Back Depth

Bottom of Casing 891’
Total Depth 894

Figure 20. H-3b1 well configuration during testing.
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Figure 23. Linear plot showing 312 simulations of the H-3b1 pressure response.
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4.4 H-4a

The Magenta interval of well H-4a was rotary drilled with air and air foam between May 16 and
May 20, 1978 to a depth of 365 feet (Mercer et al., 1981). The well was deepened and cored on
May 22 using air foam and water. The hole was then flushed with brine which was subsequently
removed with air. Steel surface casing was set to a depth of 29 ft with a 9.625-in OD. At the
Magenta, the OD of the well was 4.75 in. The siting for H-4a was based on the exploration of
water-bearing zones above the WIPP near the southwestern boundary of the site (Mercer et al.,
1981). A physical description of the well is detailed in Figure 26.

A slug-injection test was initiated in H-4a on December 2, 1978, and was monitored for 3 hours.
The data used in this analysis are shown in Figure 27.

The nSIGHTS simulation of the H-4a test consisted of two sequences. The details of each
sequence, i.e., start/end time, pressure, etc., are specified in the H-4a.nPre file and are listed in
Appendix B.4.

The specified H-4a conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage. The range of T values derived from perturbation analysis is
shown in Figure 28. The geometric mean T estimate derived from this analysis was 6.37E-8 m?/s.
The Cartesian, Ramey A, Ramey B, and Ramey C simulations corresponding to the T values
shown in Figure 28 are shown in Figures 29-32, respectively.
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Figure 26. H-4a well configuration during testing.
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Figure 29. Linear plot showing 499 simulations of the H-4a pressure response.
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4.5 H-5a

H-5a was rotary drilled with air and air foam to 775 ft between June 13 and June 17, 1978
(Dennehy and Mercer, 1982). The Magenta interval was then cored from 775 ft to 824 feet using
brine between June 19 and June 20, 1978. At the Magenta, the well was 4.75-in OD core hole
below an 8.92 inch (ID) surface casing that contained 4.95-in ID casing over depths of 0-774 ft.
The siting for H-5a was chosen in support of determining transmissivity and storage estimates
above the salt section near the northeastern boundary of the WIPP site. H-5a was one of 3 nested
wells, each drilled to specific strata of interest (H-5a Magenta, H-5b Culebra, H-5¢ Salado). A
physical description of the well is detailed in Figure 33.

A slug-injection test was initiated in H-5a (Dennehy and Mercer, 1982) on December 11, 1978.
The response was monitored for approximately 10 hours. The data used for this analysis are
shown in Figure 34.

The nSIGHTS simulation of the H-5a test consisted of three sequences. The details of each
sequence, i.€., start/end time, pressure, etc., are specified in the H-5a.nPre file and are listed in
Appendix B.5.

The specified H-5a model, chosen because it was the simplest model that conformed to the
available information and produced an acceptable fit to the data, was an infinite-acting radial
system with wellbore storage. The range of 7 values derived from perturbation analysis is shown
in Figure 35. The geometric mean T estimate derived from this analysis was 1.16E-7 m%/s. The
Cartesian, Ramey A, and Ramey B simulations corresponding to these T values are shown in
Figures 36-38, respectively.
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Figure 33. H-5a well configuration during testing.
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Figure 34. Pressure data from the Magenta in H-5a.
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Figure 36. Linear plot showing 309 simulations of the H-5a pressure response.
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Figure 37. Semilog plot showing 309 simulations of the H-5a slug-injection Ramey A
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4.6 H-6a

H-6a was rotary drilled to a depth of 475 ft with air between July 6 and July 7, 1978 (Dennehy,
1982). The Magenta interval of well H-6a was then cored from 475 to 525 ft using freshwater
and then flushed with brine. At the Magenta, the well was 4.75-in ID core hole with 8.92-in ID
surface casing to a depth of 38 feet and 4.95-in ID tubing that extends from the surface to a depth
of 475 ft. The H-6a nest of wells was drilled for investigation of water chemistry and aquifer

parameters above the Salado Formation. A physical description of the well is detailed in Figure
39.

A slug-injection test was initiated in H-6a (Dennehy, 1982) on December 17, 1978, and data
collection ended on December 18, 1978. The data used in this analysis are shown in Figure 40.

The nSIGHTS simulation of the H-6a test consisted of two sequences. The details of each

sequence, i.e., start/end time, pressure, etc., are specified in the H-6a.nPre file and are listed in
Appendix B.6.

The specified H-6a conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage and skin. The range of T values derived from perturbation
analysis is shown in Figure 41. The geometric mean T estimate derived from this analysis was
9.02E-7 m?/s. The Cartesian, Ramey A, and Ramey B simulations corresponding to these T
values are shown in Figures 42-44, respectively.
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Figure 39. H-6a well configuration during testing.
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Figure 40. Pressure data from Magenta in H-6a.
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Figure 42. Linear plot showing 167 simulations of the H-6a pressure response.
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Figure 43. Semilog plot showing 167 simulations of the H-6a slug-injection
Ramey A and derivative response.
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4.7 H-8a

The Magenta interval of well H-8a was rotary drilled with a rock bit between September 7 and
September 18, 1979 (Wells et al., 1982). The Magenta interval was an open core hole with a
6.125-in OD. Above the Magenta, the H-8a had a 7-in OD casing with a 13.375-in OD surface
casing. The siting for the H-8a well complex was part of a series of four complexes near the
WIPP site drilled to determine the regional geologic and hydrologic characteristics. A physical
description of the well is detailed in Figure 45.

A slug-injection test was initiated on (Wells et al., 1982) January 29, 1980, and data collection
ended on February 5, 1980. The data used in this analysis are shown in Figure 46.

The nSIGHTS H-8a simulation consisted of two sequences. Details of each sequence, i.e.,
start/end time, pressure, etc., are specified in the H-8a.nPre file and are listed in Appendix B.7.

The specified H-8a conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage. The range of T values derived from perturbation analysis is
shown in Figure 47. The geometric mean 7T estimate derived from this analysis was 7.35E-9 m?/s.
The Cartesian, Ramey A, and Ramey B simulations corresponding to these T values are shown in
Figures 48-50, respectively.
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Figure 45. H-8a well configuration during testing.
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Figure 46. Pressure data from the Magenta in H-8a.
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Figure 48. Linear plot showing 23 simulations of the H-8a pressure response.
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4.8 H-9a

Well H-9a was part of a three well complex (with H-9b and H-9¢c) intended to determine the
regional occurrence and movement of groundwater in the Magenta Member of the Rustler
Formation, Culebra Member of the Rustler Formation, and Salado Formation. The Magenta
interval in well H-9a was air-mist drilled between July 9 and September 5, 1979 (Drellack et al.,
1982). The H-9a well includes a 13.375 inch OD conductor pipe with contains a 7 inch OD
casing, and concludes with a 6.125 inch core hole in the Magenta. A physical description of the
well is detailed in Figure 51.

A slug-injection test was initiated in the H-9a Magenta interval on February 4, 1980 and the
response was monitored for 7 hours. The data used for this analysis are shown in Figure 52.

The nSIGHTS H-9a simulation consisted of two sequences. The details of each sequence, i.c.,
start/end time, pressure, etc., are specified in the H-9a.nPre file and are listed in Appendix B.S.

The specified H-9a conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage and skin. The range of T values derived from perturbation
analysis is shown in Figure 53. The geometric mean T estimate derived from this analysis was
9.70E-7 m%/s. The Cartesian, Ramey A, and Ramey B simulations corresponding to these values
are shown in Figures 54-56, respectively.
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Figure 51. H-9a well configuration during testing.
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Figure 52. Pressure data from Magenta in H-9a.
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Figure 53. X-Y scatter plot showing the transmissivity parameter space derived from H-9a
perturbation analysis along with the fit discriminant and best fit values.
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Figure 54. Linear plot showing 304 simulations of the H-9a pressure response.
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4.9 H-10a

Well H-10a was part of a three nested well complex (with H-10b and H-10c) for determining
regional geologic and hydrologic characteristics (Wells et al, 1983). The Magenta interval in
well H-10a was air-rotary drilled between August 21 and August 26, 1979. The ID of the well
was 6.125-in with a 13.375-in OD conductor pipe and a 2-in ID tubing. A physical description of
the well is detailed in Figure 57.

The USGS initiated a slug test in the H-10a Magenta interval on October 2, 1980, (Wells et al,
1983). Monitoring of the slug response was concluded on February 24, 1980. The data used in
this analysis are shown in Figure 58.

The nSIGHTS H-10a simulation consisted of two sequences. The details of each sequence, i.e.,
start/end time, pressure, etc., are specified in the H-10a.nPre file and are listed in Appendix B.9.

The specified H-10a conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage and skin. The range of T values obtained from perturbation
analysis is shown in Figure 59. The geometric mean 7 estimate derived from this analysis was
4.13E-6 m*/s. The Cartesian, Ramey A, and Ramey B simulations corresponding to these T
values are shown in Figures 60-62, respectively.
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Figure 57. H-10a well configuration during testing.
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Figure 58. Pressure data from Magenta in H-10a.
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Figure 60. Linear plot showing 316 simulations of the H-10a pressure response.
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Figure 61. Semilog plot showing 316 simulations of the H-10a slug injection Ramey A
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4.10 H-14

Well H-14 was drilled to compensate for a lack of data in the southwest quarter of the WIPP site
for the Culebra Dolomite and to investigate a possible regional channeling of flow (Mercer and
Snyder, 1990a). The Magenta interval of well H-14 was drilled between October 1 and October
2, 1986. At the Magenta, the ID of the well was 5.5 in with a 10.75-in surface casing. A physical
description of the well is detailed in Figure 63.

A series of three DSTs was conducted in the H-14 Magenta between October 10 and 13, 1986.
Data collection was concluded on October 13, 1986. The data used in this analysis are shown in
Figure 64.

The nSIGHTS H-14 simulation consisted of twenty-three sequences. The first twelve sequences
are unrecorded pre-test pressure histories described in Stensrud et al. (1987). The details of each
sequence, i.e., start/end time, pressure, etc., are specified in the H-14.nPre file and are listed in
Appendix B.10.

The specified H-14 conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage. The range of 7 values derived from perturbation analysis is
shown in Figure 65. The geometric mean T estimate derived from this analysis was 3.23E-9 m?/s.
The Cartesian simulations corresponding to these T values are shown in Figure 66. The Ramey
A, Ramey C, and log-log pressure-buildup diagnostic simulations for the first DST are shown in
Figures 67, 68, and 69, respectively. The Ramey A, Ramey C, and log-log pressure-buildup
diagnostic simulations for the second DST are shown in Figures 70, 71, and 72, respectively.
The Ramey A, Ramey C, and log-log pressure-buildup diagnostic simulations for the third DST
are shown in Figures 73, 74, and 75, respectively.
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Figure 63. H-14 well configuration during testing.
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Figure 64. Pressure data from Magenta in H-14.
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Figure 66. Linear plot showing 476 simulations of the H-14 pressure response.
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Figure 68. Log-log plot showing 476 simulations of the first H-14 DST flow period
Ramey C and derivative response.
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Figure 69. Log-log plot showing 476 simulations of pressure change and derivative
during the first H-14 DST pressure buildup period.
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Figure 70. Semilog plot showing 476 simulations of the second H-14 DST flow period
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Figure 72. Log-log plot showing 476 simulations of pressure change and derivative

during the second H-14 DST pressure buildup period.
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Figure 74. Log-log plot showing 476 simulations of the third H-14 DST flow period
Ramey C and derivative response.
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Figure 75. Log-log plot showing 476 simulations of pressure change and derivative
during the third H-14 DST pressure buildup period.
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4.11 H-16

Well H-16 was drilled to assess pre- and post-mining hydraulic parameters associated with the
air-intake shaft of the WIPP site (Mercer and Snyder, 1990b). The Magenta interval in well H-16
was drilled on July 29, 1987, using brine. The hole was then evacuated of drilling fluid using air.
The inner diameter (ID) of the well is an uncased 4.75 inches with a 7 inch conductor casing that
contains 2 inch ID tubing. A physical description of the well is detailed in Figure 76.

The USGS initiated two DSTs in the H-16 Magenta interval on July 30, 1987, and a slug test on
July 31, 1987. (Mercer and Snyder, 1990b). Data monitoring was concluded on July 31, 1987.
The data used in this analysis are shown in Figure 77.

The nSIGHTS H-16 simulation consisted of six sequences. The details of each sequence, i.e.,
start/end time, pressure, etc., are specified in the H-16.nPre file and are listed in Appendix B.11.

The specified H-16 conceptual model, chosen because it was the simplest model that conformed
to the available information and produced an acceptable fit to the data, was an infinite-acting
radial system with wellbore storage. The range of T values obtained from perturbation analysis is
shown in Figure 78. The geometric mean T estimate derived from this analysis was 2.99E-8 m?/s.
The Cartesian simulations corresponding to these 7 values are shown in Figure 79. The Ramey
A, Ramey B, and log-log pressure buildup diagnostic simulations for the first DST are shown in
Figures 80, 81, and 82, respectively. The Ramey A, Ramey B, and log-log pressure buildup
diagnostic simulations for the second DST are shown in Figures 83, 84, and 85, respectively.
The Ramey A and Ramey B simulations for the slug withdrawal are shown in Figures 86 and 87;
respectively.
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Figure 76. H-16 well configuration during testing.
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Figure 77. Pressure data from Magenta in H-16.
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Figure 79. Linear plot showing 416 simulations of the H-16 pressure response.
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Figure 81. Log-log plot showing 416 simulations of the first H-16 DST flow period
Ramey B and derivative response.
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Figure 82. Log-log plot showing 416 simulations of pressure change and derivative
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Figure 85. Log-log plot showing 416 simulations of pressure change and derivative
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4.12 H-18

Well H-18 was drilled to assess uncertainties in WIPP site hydrologic parameters (Mercer and
Snyder, 1990c). The Magenta interval in well H-18 was drilled on October 8, 1987. The ID of
the well was 6.37 in with a 10.75-in conductor casing that contained 6.187-in ID tubing. A
physical description of the well is detailed in Figure 88.

A constant-rate pumping test was performed in the H-18 Magenta interval from April 13, 2009 to
April 17, 2009. Monitoring of the pumping test recovery was concluded on June 10, 2009. The
data used in this analysis are shown in Figure 89.

The nSIGHTS H-18 simulation consisted of three sequences. The details of each sequence, i.e.,
start/end time, pressure, etc., are specified in the H-18.nPre file and are listed in Appendix B.12.

The specified H-18 conceptual model, based on the characteristics of the diagnostic derivative
shown in Figure 93, was an infinite-acting composite (near-field (7;) and far-field (T »)) radial
system with wellbore storage and skin. The ranges of T; and T values derived from perturbation
analysis are shown in Figures 90 and 91, respectively. The geometric mean 7 estimate derived
from this analysis was 5.28E-7 m?/s and the geometric mean 7 estimate was 8.29E-8 m?/s. The
Cartesian, log-log pressure drawdown diagnostic, and log-log pressure buildup diagnostic
simulations corresponding to these 7; and 7, values are shown in Figures 92, 93, and 94,
respectively.
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Figure 88. H-18 well configuration during testing.
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Figure 89. Pressure data from Magenta in H-18.
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Figure 92. Linear plot showing 470 simulations of the H-18 pressure response.
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100.0f

10.0f

Pressure Change (psi) and Derivative

. . ®Pressure Change|e
1.0k L . & Derivative
: —— Simulations
0.01 0.1 10.0

1.0
Elapsed Time (days)
Figure 94. Log-log plot showing 470 simulations of pressure change and derivative
during the H-18 pressure buildup test.

Infor mation Only



Analysis Report
AP-070
Page 82 of 244

4.13 WIPP-18

Well WIPP-18 was rotary-drilled to investigate the possibility of a local fault revealed by seismic
information (Jones and Gonzales, 1979). The Magenta interval in well WIPP-18 was drilled on
March 24, 1978. The ID of the well was 4.95 in with a 7-in OD surface casing that contained
2.36-in ID tubing. A physical description of the well is detailed in Figure 95.

A slug withdrawal test was initiated in the WIPP-18 Magenta interval on December 17, 2009.
Monitoring of the slug response was concluded on January 5, 2010. The data used in this
analysis are shown in Figure 96.

The nSIGHTS WIPP-18 simulation consisted of two sequences. The details of each sequence,
i.e., start/end time, pressure, etc., are specified in the WIPP-18.nPre file and are listed in
Appendix B.13.

The specified WIPP-18 conceptual model, chosen because it was the simplest model that
conformed to the available information and produced an acceptable fit to the data, was an
infinite-acting radial system with wellbore storage and skin. The range of T values derived from
perturbation analysis is shown in Figure 97. The geometric mean 7 estimate derived from this
analysis was 1.90E-7 m?/s. The Cartesian, Ramey A, and Ramey B simulations corresponding to
these T values are shown in Figures 98, 99, and 100, respectively.
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Figure 95. WIPP-18 well configuration during testing.
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Figure 97. X-Y scatter plot showing the transmissivity parameter space derived from the
WIPP-18 perturbation analysis along with the discriminant and best fit values.
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Figure 98. Linear plot showing 374 simulations of the WIPP-18 pressure response.
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Figure 99. Semilog plot showing 374 simulations of the WIPP-18 slug withdrawal Ramey
A and derivative response.
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Figure 100. Log-log plot showing 374 simulations of the WIPP-18 slug withdrawal Ramey
B and derivative response.
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4.14 WIPP-27

Well WIPP-27 was drilled to investigate evaporate dissolution features and to explore the
stratigraphy of near-surface formations (Jones and MclIntyre, 1979). The Magenta interval in
well WIPP-27 was drilled on September 14, 1978. The ID of the well was 5.012 inc with a 8.75-
in surface casing. A physical description of the well is detailed in Figure 101.

Two slug injection tests were performed over an hour time-span in the WIPP-27 Magenta
interval on September 20, 1980 (Richey, 1987). The data used in this analysis are shown in
Figure 102.

The nSIGHTS WIPP-27 simulation consisted of three sequences. The details of each sequence,
i.e., start/end time, pressure, etc., are specified in the WIPP-27.nPre file and are listed in
Appendix B.14.

The specified WIPP-27 conceptual model, chosen because it was the simplest model that
conformed to the available information and produced an acceptable fit to the data, was an
infinite-acting composite ((near-field (7) and far-field (7)) radial system with wellbore storage.
The ranges of T; and T values derived from perturbation analysis are shown in Figures 103 and
104, respectively. The geometric mean 7 estimate derived from this analysis was 5.76E-7 m?/s
and the geometric mean T estimate was 3.96E-2 m?*/s. The Cartesian simulations corresponding
to these T values are shown in Figure 105. The Ramey A, Ramey B, and Ramey C simulations of
the first slug injection corresponding to these T values are shown in Figures 106, 107, and 108,
respectively. The Ramey A, Ramey B, and Ramey C simulations of the second slug injection
corresponding to these T values are shown in Figures 109, 110, and 111, respectively.
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Figure 101. WIPP-27 well configuration during testing.
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Figure 102. Pressure data from the Magenta interval in WIPP-27.
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Figure 103. X-Y scatter plot showing the near-field transmissivity parameter space
derived from the WIPP-27 perturbation analysis with fit discriminant and best fit values.
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Figure 105. Linear plot showing 206 simulations of the WIPP-27 pressure response.
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Figure 106. Semilog plot showing 214 simulations of the WIPP-27 first slug injection
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Figure 107. Log-log plot showing 214 simulations of the WIPP-27 first slug injection

Ramey B and derivative response.
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Figure 108. Log-log plot showing 214 simulations of the WIPP-27 first slug injection
Ramey C and derivative response.
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Figure 109. Semilog plot showing 214 simulations of the WIPP-27 second slug injection
Ramey A and derivative response.
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Figure 110. Log-log plot showing 214 simulations of the WIPP-27 second slug injection
Ramey B and derivative response.
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Figure 111. Log-log plot showing 214 simulations of the WIPP-27 second slug injection

Ramey C and derivative response.

| nformation Only



Analysis Report
AP-070
Page 94 of 244

4.15 WIPP-30

Well WIPP-30 was drilled to obtain core for the study of dissolution of near-surface rocks
(Snyder and Drellack, 1979). The Magenta interval in well WIPP-30 was drilled on September
18, 1978. The ID of the well was 4.95 in with an 8.75-in surface casing that contained 1.995-in
ID tubing. A physical description of the well is detailed in Figure 112.

The USGS initiated a slug injection test in the WIPP-30 Magenta interval on October 2, 1980
(Richey, 1987). Monitoring of the slug response was concluded on October 10, 1980. The data
used in this analysis are shown in Figure 113.

The nSIGHTS WIPP-30 simulation consisted of two sequences. The details of each sequence,
i.e., start/end time, pressure, etc., are specified in the WIPP-30.nPre file and are listed in
Appendix B.15.

The specified WIPP-30 conceptual model, chosen because it was the simplest model that
conformed to the available information and produced an acceptable fit to the data, was an
infinite-acting radial system with wellbore storage and skin. The range of T values derived from
perturbation analysis is shown in Figure 114. The geometric mean T estimate derived from this
analysis was 1.06E-8 m?/s. The Cartesian, Ramey A, and Ramey B simulations of the slug
injection corresponding to these T values are shown in Figures 115, 116, and 117, respectively.
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Figure 112. WIPP-30 well configuration during testing.
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Figure 113. Pressure data from Magenta in WIPP-30.
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Figure 115. Linear plot showing 316 simulations of the WIPP-30 pressure response.
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Appendix A - Magenta Hydrauli

book
Date and Time Date and Time | |

Well Start DAS Stop DAS 0244) Data Source Report(s)
DOE-2 |  9/14/1984 7/19/1985 SANDEE-081 |, SANDEE-

H2a | 2/5/7910:02 | 2/18/79 9:09 WRI 79-98, OFR 2006-1129

H-3b1 5/8/79 16:59 5/8/79 16:59 WRI 79-98, OFR 2006-1129

H-4a 12/2/78 11:14 | 12/2/78 14:00 WRI 81-36

H-5a 121178 7:08 | 12/11/78 17:28 WRI 82-19

H6a | 12117/78 11:13 | 12/17/78 11:13 WRI 82-8

H-8a 1/29/80 13:45 2/5/80 0:00 WRI 82-4118, OFR 86-413

H-9a 2/4/80 10:00 2/4/80 16:56 WRI 82-4111, OFR 86-413

H-10a | 2/23/80 9:41 2/24/80 0:00 WRI 83-4124, OFR 86-413

H-14 10/7/8617:20 | 10/13/868:10 | SAND89'°721°225 SANDB7-

H16 | 7/208720:35 | 7/31/87 16:20 | SANDES-0203, SANDST-

H-18 | 4/13/0913:30 | 6/10/0911:00 | #9 SAND89-0204
WIPP-18 | 12/10/09 3:00 1510 9:59 | #9 SAND79-0275
WIPP-27 | 9/20/80 11:00 | 9/20/80 11:55 |- SAND79-0281, OFR 87-37
WIPP-30 |  10/2/809:30 | 10/10/80 2:24 SAND79-0284, OFR 87-37
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Appendix B — nSIGHTS Listings

B.1  DOE-2 nSIGHTS Listings

* ok k ok ok ok ok ok ke ke ke ke

nPre/32 2.41Q

* ok ok ke k ok ok ok ok ok ok ke ke

Version date 1 Mar 2007
Listing date 11 Aug 2010
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QA status QA: Q

Config file C:\SANDIA PROJECTS\WIPP wells\Magenta analysis\DOE-2\DOE-
2.nPre

Control Settings

Main Settings

Simulation type Forward
Simulation subtype Normal

Phase to simulate Liquid

Skin zone ? no
External boundary Fixed Pressure

Curve data source Objects

Liquid Phase Settings

Aquifer type Confined
Aquifer horizontal permeability Isotropic

System porosity Single
Compensate flow dimension geometry yes
Leakage None

Test Zone Settings

Test zone volume can vary no

Test zone compressibility can vary no

Test zone temperature can vary no
Default test-zone temperature 20.00 [C]
Solution variable Pressure

Allow negative head/pressure yes
Parameters

Formation

Formation thickness 6.7056 [m]
Flow dimension 2.0 (1
Static formation pressure 192.346 [psil
External boundary radius 1000000 {m]
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Formation conductivity 2.07413E-09 [m/sec]
Formation spec. storage 2.58689E-07 [1/m]
Fluid
Fluid density 1180.00 [kg/m"3]
Fluid thermal exp. coeff. 0.00000E+00 [1/C]
Test-Zone
Well radius 2.375 [in]
Tubing string radius 0.9975 [in]
Volume change from normal 0.0 [m~3]
Test-zone compressibility 7.42748E-08 [1/Pa]
Numeric
# of radial nodes 250 []
Pressure solution tolerance 1.45038E-11 [psi]
STP flow solution tolerance 1.58503E-11 [USgpm]
Calculated Parameters
Formation
Transmissivity 1.39083E-08 [m~2/sec]
Storativity 1.73466E-06 []
Diffusivity 8.01787E-03 [m™2/sec]
Test Zone
Test-zone volume 0.0766624 [m™3]
Isolated well-bore storage 5.69408E-09 [m~3/Pal
Open hole well-bore storage 1.74285E-07 [m*3/Pa]
Grid Properties
Grid increment delta 0.06676 []
First grid increment 4.16484E-03 [m]
Sequences
Sequence: H_01
Sequence type History
Start time 0.000 [min]
Duration 181.000 [min]
Time step type Static
Static time step 1.000 [min]
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Type
Wellbore storage

Sequence: S_01

Sequence type
Start time
Duration

Time step type
First log step
# of time steps

Initial pressure type

Initial pressure
Sequence: H_02

Sequence type
Start time
Duration

Time step type
Static time step
Type

Wellbore storage

Sequence: F_01

Sequence type
Start time
Duration

Time step type
First log step

# of time steps
Type

Fixed value
Wellbore storage

Test Zone Curves

Curve object to use

Curve
Open

Slug
181.000
23.000

Log
1.66667E~04
250
Absolute
7.000

History
204.000
46.000
Static
1.000
Curve
None

Flow
250.000
695.000

Log
1.66667E-04
250

Fixed

0.0
Isolated

Create Curve

[min]
[min]

[min]

[psi]

[min]
[min]

[min]

[min]
[min)

[min]

(USgpm]
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Curve type Pressure
Start sequence H 01
End sequence H 02
Curve time base Test
Curve Y data units [psi]
Curve Y data is log 10 no
Simulation Results Setup
Output ID DAT
Output type Pressure
Pressure capture type Test Zone
Output units [psi]
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Output ID DAT
Output type Flow Rate
Flow rate output type Well
Output units (USgpm]

DOE-2 Optimization Settings

* Kk Kk oKk ok kok ok ok ok ok ok

nPre/32 2.41Q

* Kk Kk oKk ok kok ok ok ok ok ok

Version date 1 Mar 2007

Listing date 11 Aug 2010

QA status QA: Q

Config file C:\SANDIA PROJECTS\WIPP wells\Magenta_analysis\DOE-2\DOE-

2.nPre

Control Settings

Main Settings

Simulation type Optimization

Simulation subtype Normal

Phase to simulate Liquid

Skin zone ? no

External boundary Fixed Pressure

Curve data source Objects

Liquid Phase Settings

Aquifer type Confined

Aquifer horizontal permeability Isotropic

System porosity Single

Compensate flow dimension geometry yes

Leakage None

Test Zone Settings

Test zone volume can vary no

Test zone compressibility can vary no

Test zone temperature can vary no

Default test-zone temperature 20.00 [C]

Solution variable Pressure

Allow negative head/pressure yes

Parameters

Formation
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Formation thickness
Flow dimension
Static formation pressure
Minimum value
Maximum value
Estimate value
Range type
Sigma
External boundary radius
Formation conductivity
Minimum value
Maximum value
Estimate value
Range type
Sigma
Formation spec. storage
Minimum value
Maximum value
Estimate wvalue
Range type
Sigma

Fluid

Fluid density
Fluid thermal exp. coeff.

Test-Zone

Well radius
Tubing string radius
Volume change from normal
Test-zone compressibility
Minimum value
Maximum value
Estimate value
Range type
Sigma

Numeric

# of radial nodes

Pressure solution tolerance
STP flow solution tolerance

6.7056

2.0
Optimization
190.000
200.000
192.346
Linear
1.00000E+00
1000000
Optimization
1.00000E-12
1.00000E-02
2.07413E-09
Log
1.00000E+00
Optimization
1.00000E-10
1.00000E-04
2.58689E-07
Log
1.00000E+00

1180.00
0.00000E+00

2.375

0.9975

0.0
Optimization
1.00000E-10
1.00000E-06
7.42748E-08
Log
1.00000E+00

250
1.45038E-11
1.58503E-11
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[m]
(]

[psi]
[psi]
[psi]

[m]

[m/sec]
[m/sec]
[m/sec]

[1/m]
[1/m]
[1/m]

[kg/m"3]
[1/C]

[in]
[in]
[m"3]

[1/Pa]
[1/Pa]
[1/Pa]

[]
[psi]
[USgpm]
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Figure B-1. X-Y scatter plot showing the static formation pressure parameter space
derived from DOE-2 perturbation analysis with the fit discriminant and best fit values.
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Figure B-2. X-Y scatter plot showing the storativity parameter space derived from DOE-
2 perturbation analysis with the fit discriminant and best fit values.
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X-Y scatter plot showing the test zone compressibility parameter space
derived from DOE-2 perturbation analysis with the fit discriminant and best fit values.
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Figure B-4. Estimates of transmissivity and storativity derived fr