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Abstract 
A large-scale pumping test of the Culebra Dolomite Member of the Rustler Formation was performed in early 1987 
at  the Waste Isolation Pilot Plant (WIPP) site in southeastern New Mexico. This test (the WIPP-13 or northern) 
multipad test, complemented the H-3 (or southern) multipad test (conducted in late 1985 and early 1986) by cre- 
ating a hydraulic stress that could be measured over the northern portion of the WIPP site. The test consisted of 
pumping well WIPP-13 at a rate of 30 gpm for 36 days and monitoring drawdown and recovery responses in 17 ob- 
servation wells and one WIPP shaft. Responses were observed in 14 of these wells, including one well 20 550 f t  
from WIPP-13 and in the WIPP exhaust shaft. Several of these wells had also responded during the H-3 multipad 
test. 
Individual well tests at  locations around the WIPP site have demonstrated that the Culebra is a heterogeneous, 
water-bearing unit. The responses measured at  observation wells to pumping tests in heterogeneous systems 
cannot be rigorously interpreted using standard analytical (as opposed to numerical) techniques developed for 
tests in homogeneous, porous media. Application of analytical techniques to data from heterogeneous media 
results in evaluations of average hydraulic properties between pumping and observation wells that are nonunique 
in the sense that they are representative only of the responses observed when a hydraulic stress is imposed a t  a cer- 
tain location. These “apparent” hydraulic properties do, however, provide a qualitative understanding of the 
nature and distribution of both hydraulic properties and heterogeneities or boundaries within the tested area. 
The interpretations of the responses at  the pumping and observation wells are consistent with the following 
conceptualization: The Culebra is a fractured, double-porosity system around WIPP-13, H-6, and DOE-2, with 

(continued) 
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Abstract (continued) 
relatively high transmissivity (-70 ft'lday) and relatively low storativity (5 x lop6 to 8 x This system ap- 
pears to extend further to the north toward WIPP-30, although WIPP-30 itself lies in a lower transmissivity zone. 
The apparent transmissivity between WIPP-13 and observation wells toward the center of the WIPP site to the 
south and east, where fracturing in the Culebra decreases, decreases to 16 to 28 ft2/day, and apparent storativity 
increases to 3.6 x To the west toward Nash Draw, the apparent transmissivity increases to 
265 to 650 ft2/day, reflecting increased fracturing in that direction, while the apparent storativity increases to 

The analyses of the responses measured a t  observation wells to the WIPP-13 multipad pumping test provide a 
qualitative conceptualization of three distinct domains within a heterogeneous portion of the Culebra north of the 
center of the WIPP site. This conceptualization is being refined by using numerical-modeling techniques to 
simulate the WIPP-13 multipad test and other tests at the WIPP site in an attempt to define the distribution of 
hydraulic properties that will reproduce the responses observed. 

to 5.5 x 

5.2 x 10-~ to 6.4 x 
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Interpretation of the WIPP-13 Multipad 
Pumping Test of the Culebra Dolomite at 

the Waste Isolation Pilot Plant (WIPP) Site 

1 Introduction 
This report presents the results of a large-scale 

pumping test performed on the Culebra Dolomite 
Member of the Rustler Formation over the northern 
portion of the Waste Isolation Pilot Plant (WIPP) site 
in southeastern New Mexico (Figure 1-1). The WIPP 
is a US Department of Energy research and develop- 
ment facility designed to demonstrate safe disposal of 
transuranic radioactive wastes resulting from the na- 
tion’s defense programs. The WIPP facility lies in 
bedded halite in the lower Salado Formation. The 
pumping test discussed in this report was conducted 
in the Rustler Formation, which overlies the Salado 
Formation. The test was performed by INTERA 
Technologies, Inc., under the technical direction of 
Sandia National Laboratories, Albuquerque, New 
Mexico. 

The pumping well for the test was WIPP-13, 
which is located -8600 f t  northwest of the center of 
the WIPP site. WIPP-13 was pumped at  a rate of -30 
gallons per minute (gpm) from January 12 to Febru- 
ary 17,1987 (Julian days 12 to 48), to provide data on 
the hydraulic properties of the Culebra at WIPP-13 
and to create a hydraulic stress that could be mea- 
sured over the northern part of the WIPP site. The 
test is termed a “multipad” test because responses 
were observed in wells completed on a number of 
drilling pads. The test was intended to complement 
the H-3 (or southern) multipad test conducted be- 
tween October and December 1985 (Beauheim, 
1987a). Together, the two multipad tests provided 
measurable, and spatially overlapping, hydraulic re- 
sponses over most of the 16-mi2 WIPP site (Figure 
1-1). 

During the WIPP-13 (or northern) multipad test, 
water levels were measured on a regular basis in 17 
observation wells completed in the Culebra dolomite 
at  locations ranging from 4210 to 20550 f t  from 
WIPP-13. Responses to the pumping were observed a t  
14 of these wells, including the observation well far- 
thest from WIPP-13. Five of these wells had also 
shown responses to the H-3 multipad test. Fluid- 
pressure responses were also observed in the exhaust 
shaft at  the WIPP site during the WIPP-13 multipad 
test. The interpretation of the fluid-pressure and 
water-level responses resulting from the WIPP-13 
multipad test is the subject of this report. 

2. Site Hydrogeology 
The WIPP site is located in the northern part of 

the Delaware Basin in southeastern New Mexico. 
WIPP-site geologic investigations have concentrated 
on the upper seven formations typically found in that 
part of the Delaware Basin. These are, in ascending 
order, the Bell Canyon Formation, the Castile Forma- 
tion, the Salado Formation, the Rustler Formation, 
the Dewey Lake Red Beds, the Dockum Group, and 
the Gatuna Formation (Figure 2-1). All of these for- 
mations are of Permian age, except for the Dockum 
Group, which is of Triassic age, and the Gatuna, which 
is a Quaternary deposit. Of these formations, only the 
Bell Canyon and the Rustler contain regionally con- 
tinuous, saturated intervals with sufficient permeabil- 
ity to allow well testing by standard hydrogeological 
techniques. 
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Figure 1-1. Locations of the WIPP Site and Observation Wells 

The Rustler Formation lies from 517 to 846 f t  
below ground surface at the WIPP-13 pad (Sandia 
and USGS, 1979a). A t  this location, the Rustler con- 
sists of five members (in ascending order): the un- 
named lower member, the Culebra Dolomite Member, 
the Tamarisk Member, the Magenta Dolomite Mem- 
ber, and the Forty-niner Member. The Culebra dolo- 
mite, which lies from 703 to 726 f t  deep, is the princi- 
pal water-bearing member of the Rustler. A t  
WIPP-13, the Culebra is a fractured, light olive-gray, 
finely crystalline, vuggy, silty dolomite. The Culebra 
is considered to be the most important potential 
groundwater-transport pathway for radionuclides 

that may escape from the WIPP facility to reach the 
accessible environment. The vast majority of hydro- 
logic tests performed a t  the WIPP site have examined 
the hydraulic properties of the Culebra. 

The Culebra is confined by the underlying un- 
named member, which is composed of a layered se- 
quence of mudstone, siltstone, anhydrite, and halite, 
and by the overlying Tamarisk Member, which is 
composed of anhydrite and gypsum with a single 
mudstone/claystone interbed. The Culebra water level 
in December 1986 a t  WIPP-13 was -351 f t  below 
ground surface (Stensrud et al., 1987) or -352 f t  
above the top of the Culebra. 
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Figure 2-1. WIPP-Area Stratigraphic Column 

The Culebra fluid a t  WIPP-13 has a total dis- 
solved solids concentration of -63 000 mg/L, primar- 
ily due to sodium and chloride (Randall et al., in 
preparation), and a specific gravity of -1.046 a t  25°C 
(Stensrud et al., 1987). 

3. Observation Wells 
The fluid pressure in WIPP-13 was monitored 

throughout the pumping test by a computerized data- 
acquisition system (DAS), described in Section 4. In 
addition, water levels were measured regularly in 17 
key Culebra wells during the WIPP-13 multipad test. 
These include WIPP-12, WIPP-18, WIPP-19, WIPP- 

H-3b2, H-5b, H-6a, H-6b, H-15, DOE-2, P-14, and 
ERDA-9 (Figure 1-1). Of these, all but H-3b2, H-5b, 
and H-15 showed distinct responses to the test. Pres- 
sure transducers installed in the Culebra dolomite in 
the exhaust shaft a t  the WIPP site were also moni- 
tored during the test and showed a response to the 
pumping. The transducers in the construction and 
salt-handling (C&SH) and waste-handling shafts were 
not operational during this time. The rest of the wells 

21, WIPP-22, WIPP-25, WIPP-30, H-1, H-2b2, 

in the vicinity of the WIPP site were monitored bi- 
weekly to monthly during the WIPP-13 test as part of 
the ongoing regional water-level monitoring (Stensrud 
et al., 1987). Except for other wells on the H-2 hydro- 
pad, none of the other Culebra wells responded to the 
WIPP-13 pumping. Distances and directions from 
WIPP-13 to the key observation wells are listed in 
Table 3-1. 

Table 3-1. Positions of Observation Wells 
Relative to Pumping Well WIPP-13 

Observation 
Well 

WIPP-12 
WIPP-18 
WIPP- 19 
WIPP-2 1 
WIPP-22 
WIPP-25 
WIPP-30 
H-1 
H-2b2 
H-3b2 
H-5b 
H-6a 
H-6b 
H-15 
DOE-2 
P-14 
ERDA-9 
Exhaust Shaft 

Distance 
From WIPP-13 

(ft) 
4 210 
4 990 
5 980 
7 270 
6 340 

20 550 
18 330 
8 780 
8 520 

11 490 
13 980 
7 190 
7 180 

11 740 
4 840 

13 870 
8 260 
7 920 

Direction 
From WIPP - 13 

S 55" E 
S 45" E 
S 37' E 
S 29" E 
S 34' E 
s 8 8 O  w 
N 12' E 
S 16' E 
s oo w 
S 17" E 
N 83" E 
N 20" W 
N 20' W 
S 48' E 
N 45' E 
s 58" w 
S 24O E 
S 26' E 

~~ ~ 

The key observation wells are completed in a 
variety of fashions. WIPP-13 (Figure 3-l), WIPP-12 
(Figure 3-2), DOE-2 (Figure 3-31, and ERDA-9 (Fig- 
ure 3-4) are completed with casing cemented from the 
surface to the upper Salado, perforations across the 
Culebra intervals, and bridge plugs lower in the casing 
isolating open intervals of the wells. WIPP-13, WIPP- 
12, and DOE-2 were all acidized following perforation 
in an effort to improve the hydraulic connections 
between the wellbores and the formation (Saulnier et 
al., 1987). Because of drilling-fluid residue on the 
water surface in ERDA-9, 2.375411. tubing was in- 
stalled from the ground surface to a depth of -523 f t  
(-68 f t  below the water surface) to provide a cleaner 
access for the water-level probe during the test (Figure 
3-4). 
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Figure 3-1. Well Configuration for WIPP-13 
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Figure 3-2. Well Configuration for WIPP-12 
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Figure 3-4. Well Configuration for ERDA-9 
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WIPP-18 (Figure 3-5), WIPP-19 (Figure 3-6), 
WIPP-21 (Figure 3-7), and WIPP-22 (Figure 3-8) are 
cased to their total depths or to cement plugs and 
perforated across the Culebra intervals. WIPP-25 
(Figure 3-9), WIPP-30 (Figure 3-10), and H-1 (Figure 
3-11) are cased to their total depths; perforated across 
the Rustler-Salad0 contact zone, the Culebra, and the 
Magenta; have bridge plugs below the Culebra; and 
have production-injection packers (PIPS) set on 
2.375-in. tubing between the Culebra and Magenta. 
H-2b2 (Figure 3-12), H-3b2 (Figure 3-13), H-5b (Fig- 
ure 3-14), H-6b (Figure 3-15), and H-15 (Figure 3-16) 
are cased from the surface to the lower Tamarisk and 
are open through the Culebra to their total depths in 
the upper part of the unnamed lower member. For the 
test, a PIP on 1.5-in. galvanized pipe was temporarily 
placed in H-6b above the Culebra to reduce wellbore- 
storage effects. H-6a is cased from the surface to the 
Forty-niner and is an open hole below to the unnamed 
lower member, with a PIP set on 1.5-in. galvanized 
pipe between the Magenta and Culebra (Figure 3-17). 
P-14 is cased from the surface to a cement plug in the 
upper Salado, is perforated across the Rustler-Salad0 
contact zone and the Culebra, and has a bridge plug 
set below the Culebra (Figure 3-18). Thus, water levels 
were measured in the open casing in WIPP-12, WIPP- 

H-5b, H-15, DOE-2, and P-14, through tubing or pipe 
attached to PIPs in WIPP-25, WIPP-30, H-1, H-6a, 
and H-6b, and through an inner tubing string hung in 
the open casing in ERDA-9. 

The WIPP Management and Operating Contrac- 
tor (MOC) collects pressure data on a regular basis 
from three piezometers (transducers) installed within 
the liner in the exhaust shaft opposite the Culebra. 
These piezometers are designated #210, #211, and 
#212 by the MOC. Details on the piezometer installa- 
tions are presented in Bechtel National (1986) and 
Haug et al. (1987). These piezometers were monitored 
5 to 7 times a week during the WIPP-13 multipad test 
to provide relatively continuous data over that period. 
These piezometers do not provide a continuous range 
of pressure values, however, but instead show pressure 
changes in discrete steps of 0.5 to 0.7 psi, depending on 
the individual instrument calibration. 

Water levels in two wells completed in the Mag- 
enta dolomite were monitored on a regular basis dur- 
ing the test: H-1 (Figure 3-11) and H-6c (Figure 3-19). 
Neither showed any response to the WIPP-13 
pumping. 
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4. Test Instrumentation 
The instrumentation used for the WIPP-13 multi- 

pad test is described in detail in Stensrud et al. (1987). 
A brief discussion is also presented below. 

NOTE: The use of brand names in this report 
is for identification only and does not imply en- 
dorsement of specific products by Sandia National 
Laboratories. 

4.1 WIPP-13 
The downhole equipment at WIPP-13 consisted 

of a 15-hp Red Jacket 15LB6 pump suspended below a 
Baski air-inflatable packer on 2.375-in. tubing, with 
three Druck PDCR-1O/D strain-gage pressure trans- 
ducers strapped to the tubing above the packer (Fig- 
ure 4-1). Two of the transducers were connected to the 
test interval below the packer by feed-through lines 
through the packer. One of these was the primary 
transducer used to monitor the test-interval pressure 
during the test, while the second served as a backup 
transducer. The third transducer measured the fluid 
pressure in the well annulus above the packer. 
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Figure 4-1. Configuration of WIPP-13 for the WIPP-13 
Multipad Pumping Test 

The uphole equipment consisted of a backpres- 
sure ball valve, a Flow Technology FT-12 analog flow 
meter wired to the DAS, a Precision totalizing flow 
meter, a Dole orifice valve, and a calibrated standpipe 
to provide a backup means of estimating the pumping 
rate (Figure 4-2). A Weathertronics Model 7105-A 
analog-output barometer was also connected to the 
DAS and provided barometric-pressure data at the 
WIPP-13 pad for the duration of the test. 

The DAS a t  the surface at WIPP-13 consisted of 
Tektronix PS503A dual power supplies to provide 
power to the transducers, a Hewlett Packard (HP) 
3495A signal scanner for channel switching, an 
HP-3456A digital voltmeter (DVM) to measure the 
transducer output, an HP-9845B desktop computer 
for system control, and HP-9885M and S floppy disk 
drives for data storage (Figure 4-3). The HP-3456A 
DVM is calibrated by the Sandia Standards Labora- 
tory every six months, and the transducers were cali- 
brated in the field by using a Heise pressure gage 
before installation in the wells. The data-acquisition 
software was written and is maintained by Sandia 
National Laboratories. Additional information on this 
data-acquisition system can be found in INTERA 
Technologies and HydroGeoChem (1985). 
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Figure 4-2. WIPP-13 Discharge-Measurement and Flow-Regulation System 

Modified from Stensrud et al. (1987) 

4.2 Observation Wells 
Water levels in observation wells were measured 

by using a variety of instruments during the test. 
Dedicated Solinst water-level meters were mounted in 
boxes on the WIPP-12, WIPP-18, WIPP-21, WIPP- 
30, H-1, H-2b2, DOE-2, P-14, and ERDA-9 wellheads 
for the duration of the test (INTERA Technologies 
and HydroGeoChem, 1985). The probes were kept in 
the wells a few feet above the water surfaces between 
readings. Another Solinst meter was used to measure 
water levels in H-6a and H-6b. The Iron Horse was 
used to make water-level measurements in wells 
WIPP-19, WIPP-22, WIPP-25, H-3b2, H-5b7 and 
H-15 and also to make the less-frequent, regional 
water-level measurements in more-distant wells 
(INTERA Technologies and HydroGeoChem, 1985). 
In this manner, a single instrument was used consis- 
tently a t  each well throughout the test. 

5. Test Data 
Extensive fluid-pressure andlor water-level data 

were collected from the pumping well and key obser- 

vation wells before the WIPP-13 multipad pumping 
test began, during the 864-hr pumping period, and for 
up to 2100 hr of recovery. In many instances, the 
observed data were affected not only by the pumping 
test, but also by residual hydraulic stresses from earli- 
er hydraulic tests a t  other locations, well completions, 
shaft drainage, andlor other factors. Barometric- 
pressure changes also caused discernible water-level 
fluctuations in some wells. Consequently, some of the 
data required modifications to remove the effects of 
water-level trends existing at the beginning of the test 
and to compensate for barometric effects. Additional- 
ly, because the analysis techniques used to interpret 
the data require the use of pressures rather than water 
levels, water-level data were converted to pressure 
data. The observed data, extraneous trends in the 
data, and modifications made to  the data to aid analy- 
sis are discussed below. Tabulations of the observed 
and modified data are presented in Appendix A. 

5.1 WIPP-13 
At the pumping well, WIPP-13, the DAS collected 

more data than were necessary for analysis. Hence, an 
abridged data set was created by selecting points to 
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give an adequate distribution of data through time for 
analysis. No other criteria were involved in the data 
abridgment. The abridged WIPP-13 data set used in 
the analyses presented in this report is tabulated in 
Appendix A, Table A-1, and shown graphically in 
Figure 5-1. A more extensive tabulation of the data 
collected is contained in Stensrud et  al. (1987). 

One modification of the data from the pumping 
well was required for analysis. When a pump is turned 
on, particularly in a packer-isolated interval, an initial 
instantaneous pressure drop may occur. This pressure 
drop is probably related to turbulence in the wellbore 
caused by the pump and/or to the discontinuity at  the 
rock/well interface rather than to the aquifer re- 
sponse. This pressure drop may be maintained for the 
duration of pumping, and an instantaneous recovery 
may be observed when the pump is turned off. Ana- 
lyses using pressure-change data must compensate for 
these pressure surges. 
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At the beginning of pumping at WIPP-13, the 
observed pressure drop of 0.9 psi was subtracted from 
the prepumping pressure to provide the starting point 
used to calculate test-related drawdowns. Late in the 
pumping period, the packer that had been isolating 
the test interval deflated. Thus, when the pump was 
turned off, the test-interval pressure surged momen- 
tarily and then dropped back toward its final pumping 
value. This surge was ignored, and the average pres- 
sure during the last minute of pumping was used as 
the starting point for calculating recovery. No other 
modifications were made to the WIPP-13 data. 

5.2 WIPP-12 
The water-level record for well WIPP-12 leading 

up to and during the WIPP-13 multipad test is shown 
in Figure 5-2. The data from the 1000-hr period 
preceding the test show that the water level was rising 
a t  a rate of -0.148 f t / l O  days until -52 hr after 
pumping began a t  WIPP-13. This rise was probably, 
in part, a recovery response from well development 
and water-quality sampling at nearby wells such as 
WIPP-13, WIPP-18, and DOE-2 in August 1986 
(Saulnier et al., 1987) and may also be related to the 
long-term recovery from shaft drainage discussed by 
Haug et al. (1987), among others. For analysis pur- 
poses, the water-level data were modified by subtract- 
ing the effects of the pretest trend, assuming that the 
trend continued linearly throughout the period of 
interest. The rationale for using a linear compensation 
of this type is discussed in Section 5.20. 

The modified water-level data were converted to 
pressures by subtracting the depths to water from an 
arbitrary datum of 500 f t  below the water-level refer- 
ence point and multiplying the remainders by 0.433 
psi/ft, the conversion factor for freshwater with a 
specific gravity (SG) of 1.0. A freshwater conversion 
was used because the actual specific gravity of the 
Culebra water a t  WIPP-12 is unknown. The conver- 
sion factor used has no effect on the analysis because a 
final conversion of the analysis results from oilfield to 
groundwater units (Appendix B) exactly cancels 
whatever value is used. The observed water-level data, 
modified water-level data, and calculated pressure 
data are tabulated in Appendix A, Table A-2. A plot of 
the pressure data is included with the final analytical 
simulation in Section 6.2. 

5.3 WIPP-18 
Figure 6-3 shows the WIPP-18 water-level record 

from 1000 hr before the WIPP-13 test through -2100 
hr of recovery. The data up to -62 hr after the start of 
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pumping a t  WIPP-13 show a rising trend of -0.119 
ft/lO days. This rise was, in part, a recovery response 
from well-development bailing performed in WIPP-18 
on August 27, 1986 (Saulnier et al., 1987), and may 
also be related to the long-term recovery from shaft 
drainage discussed by Haug et al. (1987), among oth- 
ers. For analysis purposes, the water-level data were 
modified by subtracting the effects of the pretest 
trend, assuming that the trend continued linearly 
throughout the drawdown and recovery periods of the 
WIPP-13 test. 

The modified water-level data were converted to 
pressures by subtracting the depths to water from an 
arbitrary datum of 500 f t  and multiplying the remain- 
ders by 0.479 psi/ft (SG = 1.105). This conversion 
factor was determined from the results of a pressure- 
density survey of the fluid in the well (between the 
depths of 500 and 810 ft) on May 12, 1987 (Crawley, 
1987). The observed water-level data, modified water- 
level data, and calculated pressure data are tabulated 
in Appendix A, Table A-3. A plot of the pressure data 
is included with the final analytical simulation in 
Section 6.2. 

5.4 WIPP-19 
The WIPP-19 water-level record leading up to 

and during the WIPP-13 multipad test is shown in 
Figure 5-4. Water levels were rising a t  an approximate 
rate of 0.249 f t / l O  days during the 1000-hr period 
preceding the test and the first 53 hr of pumping. This 
rise was, in part, a recovery response from well- 
development bailing performed in WIPP-19 on 
August 22, 1986 (Saulnier et al., 1987), and may also 
be related to the long-term recovery from shaft drain- 
age discussed by Haug et al. (1987), among others. The 
water-level data were modified by subtracting the 
effects of the pretest rising trend, assuming that the 
trend continued linearly throughout the multipad 
test. 

For analysis, the modified WIPP-19 water levels 
were converted to equivalent pressures. The conver- 
sion was performed by subtracting the modified 
depths to water from an arbitrary datum of 500 f t  and 
multiplying the remainders by 0.491 psi/ft (SG = 

1.133), the conversion factor determined by a 
pressure-density survey of the fluid in the WIPP-19 
wellbore (between the depths of 500 and 781 ft)  on 
May 14, 1987 (Crawley, 1987). The observed water- 
level data, modified water-level data, and calculated 
pressure data are tabulated in Appendix A, Table A-4. 
A plot of the pressure data is included with the final 
analytical simulation in Section 6.2. 
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Figure 5-4. WIPP-19 Water-Level Record 

5.5 WIPP-21 
The water-level record for well WIPP-21 leading 

up to and during the WIPP-13 multipad test is shown 
in Figure 5-5. The Culebra water level was rising a t  an 
approximate rate of 0.553 ftIl0 days from -1000 hr 
before the WIPP-13 multipad test until -122 hr after 
the pump was turned on. This rise was a combined 
recovery response to well-development bailing in 
WIPP-21 on August 27, 1986 (Saulnier et al., 1987), 
and well-development pumping at ERDA-9 between 
October 27 and November 14, 1986 (Stensrud et al., 
1987), and may also be related to the long-term recov- 
ery from shaft drainage discussed by Haug et al. 
(1987), among others. 

For analysis, the observed WIPP-21 water levels 
were first modified to eliminate the pretest trend, 
using a linear correction. The corrected values were 
then converted to equivalent pressures. The conver- 
sion was performed by subtracting the depths to water 
from an arbitrary datum of 500 f t  and multiplying the 
remainders by 0.433 psilft, the conversion factor for 
freshwater. A freshwater conversion was used because 
the actual specific gravity of the water in the WIPP-21 
wellbore is unknown. As discussed earlier, the conver- 
sion factor used has no effect on the analysis. 

Some of the water-level changes observed a t  
WIPP-21, such as the apparently abrupt transition a t  

3000 

-1240 hr from drawdown to recovery in Figure 5-5, 
appeared to be related to barometric-pressure fluctua- 
tions. Hence, the barometric efficiency of the well was 
evaluated to allow compensation for these effects. The 
evaluation was performed by using the barometric- 
pressure data recorded by the WIPP-13 DAS (Appen- 
dix C, Table C-1). The changes in barometric pressure 
during the test were defined by subtracting 13.1 psi 
(the barometric pressure a t  the beginning of the test) 
from all readings. The measured or interpolated 
barometric-pressure changes a t  the precise times of 
the water-level measurements were then multiplied by 
several decimal fractions, such as 0.3,0.5, and 0.7, and 
added to the pressure data already calculated from the 
modified water-level data. 

The added fractional barometric-pressure change 
that produced the smoothest pressure curve, 0.5, was 
judged to represent the best estimate of the baromet- 
ric efficiency of the well, and that modified pressure 
data set was used in the analysis. The observed water- 
level data, modified water-level data, and final pres- 
sure data compensated for barometric-pressure ef- 
fects are tabulated in Appendix A, Table A-5. A plot of 
the pressure data is included with the final analytical 
simulation in Section 6.2. 
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Figure 5-5. WIPP-21 Water-Level Record 

5.6 WIPP-22 
Figure 5-6 shows the WIPP-22 water-level record 

preceding and during the WIPP-13 multipad test. 
During the 1000 hr before the test and the first 53 hr of 
pumping, water levels in WIPP-22 were rising a t  a rate 
of -0.269 ftIl0 days. This rise may have been related 
to a variety of factors, including well-development 
bailing in WIPP-22 performed on August 26, 1986 
(Saulnier et al., 1987), well-development pumping a t  
ERDA-9 between October 27 and November 14,1986 
(Stensrud et al., 1987), and long-term recovery from 
shaft drainage (Haug et al., 1987). 

For analysis, the observed WIPP-22 water levels 
were first modified to eliminate the pretest trend, 
using a linear correction. The corrected values were 
then converted to equivalent pressures. The conver- 
sion was performed by subtracting the depths to water 
from an arbitrary datum of 500 f t  and multiplying the 
remainders by 0.495 psilft (SG = 1.142), the conver- 
sion factor derived for the final water produced during 
well-development pumping on June 17,1986 (Saulnier 
et al., 1987). This value may not be entirely represen- 
tative of the fluid in the wellbore during the WIPP-13 
test, but it is the best value available and has no effect 
on the final analysis. The observed water-level data, 
modified water-level data, and calculated pressure 
data are tabulated in Appendix A, Table A-6. A plot of 

the pressure data is included with the final analytical 
simulation in Section 6.2. 

5.7 WIPP-25 
The pretest water-level data at WIPP-25 are rela- 

tively sparse, as shown in Figure 5-7. No particular 
trend is evident in the pretest data arid, therefore, no 
corrections for pretest conditions were required. For 
analysis, the water-level data were converted to pres- 
sures by subtracting the depths to water from an 
arbitrary datum of 200 f t  and multiplying the remain- 
ders by 0.4377 psilft, a conversion factor derived from 
the specific-gravity value of 1.01 reported for WIPP- 
25 Culebra water by Uhland and Randall (1986). 

The scatter seen in the data in Figure 5-7 is 
suggestive of water-level changes caused by fluctua- 
tions in barometric pressure. Thus, an attempt was 
made to determine the barometric efficiency of 
WIPP-25 and correct the water-level data for baro- 
metric fluctuations, using the technique described 
earlier in Section 5.5. The smoothest data set was 
produced by using a barometric efficiency of 0.3. The 
observed water-level data and final pressure data 
compensated for barometric-pressure effects are tabu- 
lated in Appendix A, Table A-7. A plot of the pressure 
data is included with the final analytical simulation in 
Section 6.2. 
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Figure 5-6. WIPP-22 Water-Level Record 
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5.8 WIPP-30 
The water-level record for well WIPP-30 leading 

up to and during the WIPP-13 multipad test period is 
shown in Figure 5-8. As shown in the figure, the water 
level was rising -0.175 f t / l O  days from -1583 hr 
before the start of the test to -51 hr after the start of 
pumping. While water levels had been rising steadily 
in WIPP-30 since its last recompletion in August 
1983, this rate of rise was significantly greater than the 
rate observed from mid-1985 through mid-1986 (Haug 
et al., 1987). Pumping a t  DOE-2 in July and August 
1986 drew down the water level at WIPP-30 by -1.5 f t  
(Saulnier et al., 1987). The subsequent recovery was 
relatively rapid and sustained and brought the WIPP- 
30 water level higher than was ever measured in the 
past. No explanation for this seemingly anomalous 
rise is apparent, and none of the nearest wells (DOE-2, 
H-6, and WIPP-28) have shown parallel behavior. 

For analysis, the observed WIPP-30 water levels 
were first modified to eliminate the pretest trend, 
using a linear correction. The modified values were 
then converted to equivalent pressures by subtracting 
the depths to water from an arbitrary datum of 400 f t  
and multiplying the remainders by 0.462 psi/ft (SG 
= 1.065), the conversion factor determined by a 
pressure-density survey of the fluid in the well (be- 
tween the depths of 400 and 570 ft)  on May 6 ,  1987 
(Crawley, 1987). The observed water-level data, modi- 

I I I I 

fied water-level data, and calculated pressure data are 
tabulated in Appendix A, Table A-8. A plot of the 
pressure data is included with the final analytical 
simulation in Section 6.2. 

5.9 H- I  
The water-level record for the Culebra at H-1 

preceding and during the WIPP-13 multipad test is 
shown in Figure 5-9. A number of trends are evident in 
the data, reflecting the influence of numerous hydrau- 
lic stresses. As discussed by Stevens and Beyeler 
(1985) and Haug et al. (1987), water levels at H-1 are 
strongly influenced by drainage of Culebra water into 
the shafts at the WIPP site. The H-1 water level was 
-380 f t  below ground surface in July 1981 before the 
first shaft construction began (Richey, 1987) and 
reached a low of -450 f t  below ground surface in 
September 1984 (HydroGeoChem, 1985) following the 
enlargement and conversion of the ventilation shaft 
into the waste-handling shaft. In general, H-1 water 
levels have been rising since that time, particularly 
since the grouting and sealing of the Culebra in the 
exhaust shaft in July 1985. The H-1 water level 
peaked a t  -416 ft. below ground surface in November 
1985 before the pumping associated with the H-3 
multipad test drew it down by -24 f t  (INTERA 
Technologies, 1986). 

ELAPSED TIME, hours 

Figure 5-8. WIPP-30 Water-Level Record 
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Figure 5-9. H-1 Water-Level Record 

Following the H-3 multipad test, H-1 water levels 
rose monotonically until November 1986, when the 
effects of well-development pumping a t  ERDA-9 were 
felt. These effects are shown in Figure 5-9 by the slight 
decline in the water level from -1460 to 1170 hr 
before the beginning of pumping a t  WIPP-13. The 
water level then began rising again, establishing a 
linear rate of 0.445 f t / lO  days between -8 and 530 hr 
after the beginning of pumping a t  WIPP-13. The 
effects of WIPP-13 pumping began to be manifested 
after 530 hr of pumping, causing a stabilization of the 
water level, followed by a very slight decline. Roughly 
625 hr after the pump was turned off at WIPP-13, the 
H-1 water level began to rise again. This rise contin- 
ued a t  an ever-increasing rate throughout the remain- 
der of the monitoring period. 

To provide drawdown data for analysis, the ob- 
served water-level data were modified by subtracting 
the effects of the 0.445 ft/lO days rising trend ob- 
served early in the test, assuming that that trend 
continued linearly throughout the remainder of the 
test. The modified water-level data were then con- 
verted to pressures by subtracting the modified 
depths to water from an arbitrary datum of 500 f t  and 
multiplying the remainders by 0.4403 psi/ft, the con- 
version factor for H-1 Culebra water with a specific 
gravity of 1.016 (Mercer, 1983). This value may not be 
entirely representative of the fluid in the tubing at 

H-1 during the WIPP-13 test, but it is the best value 
available and has no effect on the final analysis. The 
observed water-level data, modified water-level data, 
and calculated pressure data are tabulated in Appen- 
dix A, Table A-9. A plot of the pressure data is 
included with the final analytical simulation in 
Section 6.2. 

5.10 H-2b2 
Figure 5-10 shows the H-2b2 water-level record 

from 1000 hr before the WIPP-13 multipad test 
through -2100 hr of recovery. An initial rising trend 
is evident that lasted through about the first 420 hr of 
pumping at WIPP-13. This rise was largely a recovery 
response from shaft leakage, as discussed by Haug et 
al. (1987), but also includes superimposed recovery 
components from the H-3 multipad test and WIPP 
Water Quality Sampling Program (WQSP) sampling 
exercises on both the H-2 and H-3 hydropads. The 
trend cannot be clearly defined in Figure 5-10 because 
of the degree of scatter in the data caused by changes 
in barometric pressure. Consequently, barometric cor- 
rections were performed before defining and correct- 
ing for the pretest trend. 

The observed water-level data were first con- 
verted to pressures by subtracting the depths to water 
from an arbitrary datum of 400 ft and multiplying the 
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remainders by 0.436 psilft, the conversion factor for 
H-2b2 water with a specific gravity of 1.006 (INTERA 
and HydroGeoChem, 1985). Next, using the technique 
described earlier in Section 5.5, a barometric effi- 
ciency of -0.6 was established for H-2b2. The result- 
ing corrected pressure data are shown in Figure 5-11. 
The pretest rising trend is clearer on this plot than on 
the water-level plot (Figure 5-10) and is estimated at 
-0.086 psi/lO days (0.197 ftIl0 days). 

The final pressure data used for analysis were 
then derived by subtracting the effects of this trend, 
assuming that the trend continued linearly for the 
duration of the test. The observed water-level data, 
calculated pressure data compensated for barometric- 
pressure effects, and final calculated pressure data 
corrected for the pretest trend are tabulated in Ap- 
pendix A, Table A-10. A plot of the final pressure data 
is included with the final analytical simulation in 
Section 6.2. 

5.11 H-3b2 
The H-3b2 water-level record before and during 

the WIPP-13 multipad test is shown in Figure 5-12. A 
rising trend is evident for the duration of the data 
record. This rise is a combined recovery response from 
shaft leakage, the H-3 multipad test pumping from 
October to December 1985, and WQSP sampling at 
H-3 in April and May 1986 (Saulnier et al., 1987). A 
slight decrease in the rate of water-level rise is appar- 
ent in the data from the last 2000 hr in Figure 5-12; 
whether or not this is a response to WIPP-13 pumping 
or simply a natural slowing of the recovery from the 
other stresses mentioned earlier is problematic. The 
observed water-level data are tabulated in Appendix 
A, Table A-11. 

5.12 H-5b 
Figure 5-13 presents the H-5b water-level record 

before and during the WIPP-13 multipad test. A 
slight rising trend is evident until -1500 hr after the 
start of the test. This rise is a long-term recovery 
response from the WQSP sampling performed in H-5b 
in May 1986 (Uhland et al., 1987). The last few data 
points in Figure 5-13 appear to show a slight decline in 
the water level, but this decline may be due to the 
removal of a small quantity of fluid from the well 
during a pressure-density survey performed on April 
15, 1987 (the day before the third-to-last point on the 
plot; Crawley, 1987). The observed water-level data 
are listed in Appendix A, Table A-12. 

5.13 H-6a and H-6b 
The water-level data from both wells H-6a and 

H-6b for the period before and during the WIPP-13 
multipad test are shown in Figure 5-14. The pretest 
water levels appear to be relatively static and, there- 
fore, no corrections for pretest conditions were re- 
quired. For analysis, the water-level data were con- 
verted to pressures by subtracting the depths to water 
from an arbitrary datum of 400 f t  and multiplying the 
remainders by 0.4515 psilft, a conversion factor de- 
rived from the specific-gravity value of 1.042 reported 
for H-6b Culebra water by Uhland and Randall 
(1986). The observed water-level data and calculated 
pressure data for H-6a and H-6b are listed in Appen- 
dix A, Tables A-13 and A-14, respectively. 

5.14 H-15 
The water-level record for well H-15 before and 

during the WIPP-13 multipad test is shown in Figure 
5-15. A fairly uniform (ignoring the data scatter) 
rising trend is evident for the duration of the data 
record. This rise represents equilibration of the water 
level in the well with the surrounding formation pres- 
sure following well construction in November 1986 
(Stensrud et al., 1987). The data provide no indication 
that H-15 responded to the WIPP-13 multipad test. 
The observed water-level data are listed in Appendix 
A, Table A-15. 

5.15 DOE-2 
The record of DOE-2 water levels before and 

during the WIPP-13 multipad test is shown in Figure 
5-16. The pretest water level appears to be relatively 
static and, therefore, no corrections for pretest condi- 
tions were required. For analysis, the water-level data 
were converted to pressures by subtracting the depths 
to water from an arbitrary datum of 500 f t  and multi- 
plying the remainders by 0.451 psifft, a conversion 
factor derived from the specific-gravity value of 1.04 
reported for DOE-2 Culebra water by Saulnier et al. 
(1987). The observed water-level data and calculated 
pressure data are listed in Appendix A, Table A-16. 

27 



365.0 I I 1 

365.5 - 

366.0 - 

366.5 - 
J 

367.0 - 

367.5 - 
lo = 1112187 09:oo 

0 
8 
B 0 8  

0 0  

0 

0 0  

368.0 I I 1 1 
-1000 0.0 1000 2000 3000 

ELAPSED TIME, hours 

Figure 5-10. H-2b2 Water-Level Record 

15.3 I I /  1 1 

0 
k! 

15.1 

14.9 

14.7 

14.5 

BAROMETRIC EFFICIENCY = 0.6 

0 0  

0 
0 

00 
0 

.. 
- 1000 0.0 1000 2000 3000 

ELAPSED TIME, hours 

Figure 5-1 1. H-2b2 Fluid-Pressure Record Compensated for Barometric Effects 

28 



410 

411 

c. 
0 
Q) 
9 

a 412 
W c z 
e 

413 
a 
W 
0 

414 

415 
-1000 

485 

486 - 
P) 
0 
9 

i 
W c 

487 

? 
I c 
W 
a 
n 

488 

I I I 

0 

O O  

0 0  
0 

- - 
00 
0 0 0  O O 0  

0 0  
0 

000 
0 00 0 

0 - 0 ooo 
00 

000 0 0  

- 

000 
O @ O  0 - - 

00 
0 

0 
0 - - 

to = 1/12/07 0900 

I I I 

0.0 1000 2000 3000 

0 

to = 1/12/07 09:OO 

I I I 0 
489 

-1000 0.0 1000 2000 

ELAPSED TIME, hours 

Figure 5-13. H-5b Water-Level Record 

3000 

29 



300 

305 

L. 
Q 
0, c 

d 310 W 
I- s 
e 
E 315 
n 
W 
0 

320 

0 0 + 4oco 

to = 1/12/87 0900 
0 H-66 
+ H-6b 

325 
-1000 0.0 1000 2000 

ELAPSED TIME, hours 

Figure 5-14. H-6a and H-6b Water-Level Records 

3000 

482.0 I I I 

0 
O O  

0 

-1000 0.0 1000 2000 

ELAPSED TIME, hours 

Figure 5-15. H-15 Water-Level Record 

3000 

30 



360 

370 

- 
Q s - 
6 380 w 
I- 

5 z 
E 390 
n 
w 
0 

400 

410 

I I I 

0 0 0 000 

000 

. .- 
-1000 

1, = 1/12/07 09:oo 

I I I 
0.0 1000 2000 

ELAPSED TIME, hours 
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5.16 P-14 
Figure 5-17 shows the water-level record for well 

P-14 leading up to and during the WIPP-13 multipad 
test. No particular trend is evident in the pretest data 
and, therefore, no corrections for pretest conditions 
were required. The data are fairly noisy, however, 
apparently in response to barometric-pressure fluctu- 
ations. Thus, after converting the water levels to 
pressures, the data were compensated for barometric 
effects by using the technique described id Section 5.5. 

The water-level data were converted to pressures 
by subtracting the depths to water from an arbitrary 
datum of 400 f t  and multiplying the remainders by 
0.442 psilft, a conversion derived from the specific- 
gravity value of 1.02 reported for P-14 Culebra water 
by Uhland and Randall (1986). Different barometric 
corrections were then applied to the pressure data, 
with the correction using a barometric efficiency of 0.7 
providing the smoothest data set. This data set was 
used for the analysis. The observed water-level data 
and calculated pressure data compensated for 
barometric-pressure effects are tabulated in Appendix 
A, Table A-17. A plot of the final pressure data is 
included with the final analytical simulation in 
Section 6.2. 

3000 

5.17 ERDA-9 
Figure 5-18 presents the water-level record for 

well ERDA-9 leading up to and during the WIPP-13 
multipad test. The water level was rising a t  an approx- 
imate rate of 0.52 ftIl0 days from -480 hr before to 
-530 hr after the start of pumping at WIPP-13. This 
rise was largely a recovery response following well- 
development pumping that occurred at ERDA-9 be- 
tween October 27 and November 14,1986 (Stensrud et 
al., 1987), although some component of it may also be 
related to drainage into the nearby WIPP shafts. 

For analysis, the water-level data were modified 
by subtracting the effects of the pretest rising trend, 
assuming that the trend continued linearly for the 
duration of the multipad test. The modified water 
levels were then converted to pressures by subtracting 
the depths to water from an arbitrary datum of 500 f t  
and multiplying the remainders by 0.459 psi/ft, the 
conversion factor derived from the specific gravity 
(1.059) of the final water produced during the ERDA- 
9 developmental pumping (Stensrud et al., 1987). 
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Attempts were made to compensate the data for 
possible barometric effects by using barometric effi- 
ciencies of 0.3,0.5, and 0.7. None of the resulting data 
sets were significantly smoother than the uncompen- 
sated data and, hence, the uncompensated data were 
used for analysis. The observed water-level data, mod- 
ified water-level data, and calculated pressure data 
are tabulated in Appendix A, Table A-18. A plot of the 
pressure data is included with the final analytical 
simulation in Section 6.2. 

5.18 Exhaust Shaft 
The pressure record from the three exhaust shaft 

Culebra piezometers, #210, #211, and #212, for the 
period before and during the WIPP-13 multipad test 
is shown in Figure 5-19. As discussed in Section 
3, these piezometers show pressure changes in dis- 
crete steps of 0.5 to 0.7 psi. Inasmuch as the pres- 
sure changes recorded from all three piezometers are 
quite similar, only the data from #212 were used for 
analysis. 

Before the test began, the Culebra pressure at  the 
exhaust shaft was rising at  an approximate rate of 
0.431 psi/lO days (0.939 f t / l O  days, using the specific 
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gravity of 1.059 from nearby ERDA-9) following reme- 
dial grouting of the Culebra in October 1986 (Saulnier 
et al., 1987) and the well-development pumping of 
ERDA-9. This rise appears to have halted -450 hr 
after the beginning of pumping at  WIPP-13. For 
analysis, the pressure data were modified by subtract- 
ing the effects of the pretest rising trend, assuming 
that the trend continued linearly for the balance of the 
monitoring period. The observed and modified pres- 
sure data are listed in Appendix A, Table A-19. A plot 
of the modified pressure data is included with the 
final analytical simulation in Section 6.2. 

5.19 Magenta Observation Wells 
Water levels in two Magenta observation wells 

were monitored specifically as part of the WIPP-13 
multipad test: H-1 and H-6c. The data from these two 
wells are discussed below. Other Magenta wells in the 
vicinity of the WIPP site were monitored less fre- 
quently over this same time period as part of the 
regular WIPP regional water-level monitoring. None 
of these wells showed apparent responses to the 
WIPP-13 test. Data and plots for these other Magenta 
wells can be found in Stensrud et al. (1987). 
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Figure 5-19. Exhaust Shaft Culebra Piezometer Fluid-Pressure Record 
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5.19.1 H-1 
Figure 5-20 shows the Magenta water levels mea- 

sured at H - l  before and during the WIPP-13 multipad 
test. Significant fluctuations in the water level oc- 
curred, but their causes are unclear. The depth to 
Magenta water a t  H-1 was very constant a t  -275 f t  
between August 1985 and July 1986 (INTERA Tech- 
nologies and HydroGeoChem, 1985; INTERA Tech- 
nologies, 1986; Saulnier et al., 1987). The water level 
began rising sharply in July 1986 and continued to 
rise, albeit with several significant downward fluctua- 
tions, through February 1987, after which the drop 
seen in Figure 5-20 began. These responses may be 
related to changes in seepage rates from the Magenta 
into the nearby WIPP shafts. Because the magnitudes 
of the Magenta responses are much higher than, and 
their directions do not parallel, Culebra responses 
over the same period (see Figure 5-9, and Saulnier et 
al., 1987), no reason for attributing any of these re- 
sponses to the WIPP-13 test is evident. The H-1 
Magenta water-level data are listed in Appendix A, 
Table A-20. 

5.19.2 H-6c 
Magenta water levels in well H-6c before and 

during the WIPP-13 multipad test are shown in Fig- 
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ure 5-21. Water levels rose steadily throughout the 
period of record as a continuing recovery response to 
Magenta water-quality sampling performed by the 
MOC a t  H-6c in late September 1986 (Uhland et al., 
1987). No response attributable to the WIPP-13 
pumping is evident in the data. The H-6c Magenta 
water-level data are listed in Appendix A, Table A-21. 

5.20 Discussion and Summary 
Pretest rising trends, interpreted as recovery re- 

sponses to various hydraulic stresses, were observed in 
the water-level data from WIPP-12, WIPP-18, WIPP- 

H-3b2, H-5b, H-15, ERDA-9, and the exhaust shaft. 
To provide data for analysis of responses to the 
WIPP-13 multipad test, the observed water-level data 
were modified by using linear correction factors to 
remove the effects of these preexisting trends. In most 
hydrologic systems, recovery responses follow loga- 
rithmic curves, decaying with time. Hence, applying a 
linear correction derived from pretest behavior to the 
observed test data from a well probably represents 
some degree of overcompensation, particularly at late 
time. 
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Figure 5-2 1. H-6c Magenta Water-Level Record 

Whether or not this overcompensation is signifi- 
cant depends on a number of factors. Almost any 
curve can be reasonably approximated as linear over 
some fraction of its length, however short that length 
may be. Logarithmic curves, in particular, tend to 
become more linear with increasing time. In practical 
terms, this means that as the time since the end of the 
causative hydraulic stress increases, the observed re- 
covery data should become increasingly linear. 

The last hydraulic stress known to have affected 
some of the key observation wells before the WIPP-13 
multipad test was the developmental pumping of 
ERDA-9 that ended on November 14,1986 (Stensrud 
et al., 1987), over 1400 hr before pumping began a t  
WIPP-13. Before that, well development occurred a t  
WIPP-18, WIPP-19, WIPP-21, and WIPP-22 in 
August 1986 (Saulnier et al., 1987), over 3300 hr before 
the beginning of the WIPP-13 multipad test. The 
earliest data used to define any of the pretest trends 
came from WIPP-21 and WIPP-22 -980 hr before 
the start of the WIPP-13 test, over 420 hr since the 
end of pumping a t  ERDA-9. Thus, the early portions 
of the recovery periods from all known hydraulic 
stresses, during which recovery curves change slope 
most rapidly, had passed before pretest trends were 
evaluated. 

Further evidence that the errors involved in mak- 
ing linear water-level corrections might not be too 

severe is provided by the long-term water-level data 
provided in Haug et al. (1987) and Richey (1987). 
Many of the wells near the WIPP site have historically 
exhibited approximately linear rising trends lasting 
for one or more years, including H-1, H-3b1, H-4b, 
P-14, P-15, P-17, P-18, and WIPP-30. Considering 
that the longest extrapolation period used for the 
multipad test data corrections was only 4 months, 
linear behavior seems a reasonable assumption, par- 
ticularly for wells such as WIPP-30 that are far from 
any known recent hydraulic stress. 

The final rationale for using a linear correction to 
compensate for pretest trends is that the direction, if 
not the magnitude, of the possible error is known. In 
the absence of additional stresses on the system, re- 
covery curves can reliably be predicted to decrease in 
slope with time. Hence, using a linear correction factor 
will always cause drawdown to be overestimated. At- 
tempting a logarithmically decaying correction for the 
pretest trends might produce more accurate results, 
but the direction of the residual error would be 
unknown. 

For each of the wells a t  which responses to the 
WIPP-13 multipad test were observed, the maximum 
interpreted drawdowns, the times a t  which drawdown 
responses were first observed, and the times at which 
maximum drawdowns were observed are summarized 
in Table 5-1. Several qualifications must be noted 
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with regard to the information in this table. First, 
because of data noise, a degree of subjectivity is in- 
volved in defining response times for the various wells. 
Second, for those wells exhibiting rising water-level 
trends before the test, drawdown was considered to 
begin when the data first appeared to deviate from the 
trend, a somewhat subjective assessment. Third, the 
maximum drawdowns presented were calculated by 
following linear compensations for pretest trends. 
Consequently, the drawdowns are overestimated to 
whatever degree the linear compensations are in error. 
In summary, the times and drawdowns presented in 
this table enable only qualitative comparisons and 
should be considered as approximations only. 

Table 5-1. Response Times and Maximum 
Drawdowns at Observation Wells 

Time After 
Pump on 

Until First 
Drawdown 

Observation Observed 
Well (hr) 

WIPP- 12 74 
WIPP-18 74 
WIPP-19 102 
w IPP -2 1 133 
WIPP-22 102 
WIPP-25 76 
WIPP-30 61 
H-1 600 
H-2b2 445 
H-6a 8 
H-6b 8 
DOE-2 1 
P-14 71 
ERDA-9 550 
Exhaust Shaft 400 

Time After 
Pump on 

Until 
Maximum Maximum 
Drawdown Drawdown 
Observed Observed 

(hr)* (psi) 
1050 11.9 
950 9.3 

1050 7.2 
1260 3.6 
1150 5.7 
890 0.3 

1000 4.9 
2950(?) 1.1 
1850 1.4 
869 7.7 
869 7.9 
865 17.3 
920 0.8 

1260 2.0 
1200 3 

*Pump was turned off after 864 hr 

6. Analytical 
Interpretations 

The test data from the pumping and observation 
wells were interpreted by using analytical techniques 
developed for tests in homogeneous, porous media. 
These techniques readily, and rigorously, accommo- 

date such factors as double-porosity, anisotropy, and 
discrete boundaries. Large-scale heterogeneities, how- 
ever, such as progressive changes in transmissivity 
and storativity with distance and direction, are not 
treated rigorously by using these analytical tech- 
niques. In this situation, the most information that 
can be gained is a qualitative understanding of the 
nature of the heterogeneities and nonunique quantita- 
tive evaluations of average hydraulic properties over 
the distances of the observations. These concepts will 
be discussed more fully in connection with individual 
well responses. 

Given these limitations, the analytical interpreta- 
tions of the WIPP-13 multipad test data had the 
following objectives: 

Determine the most appropriate conceptualiza- 
tion of the nature of the Culebra flow system 
around WIPP- 13 
Quantify the hydraulic properties of the Culebra 
dolomite in the vicinity of WIPP-13 
Determine the nature and distribution of het- 
erogeneities in the Culebra dolomite within the 
area influenced by the test 
Determine average hydraulic properties of the 
Culebra dolomite between WIPP-13 and obser- 
vation wells 

The analytical methods used to meet these objec- 
tives, and the nomenclature and symbols used in the 
following text and figures, are discussed in Appendix 
B. All analyses were performed with the INTER- 
PRET well-test interpretation code developed by A. 
C. Gringarten and Scientific Software-Intercomp, 
which is described briefly in Appendix B. Familiarity 
on the part of the reader with the material in Appen- 
dix B is assumed in the following chapter. 

6.1 WIPP-13 
The pressure response observed at WIPP-13 dur- 

ing the multipad test appears to be that of a well 
completed in a heterogeneous, double-porosity me- 
dium. Double-porosity media have two porosity sets 
that differ in terms of storage volume and permeabil- 
ity. Typically, the two porosity sets are a fracture 
network with higher permeability and lower storage, 
and the primary porosity of the rock matrix with lower 
permeability and higher storage. Double-porosity 
media are discussed more fully in Appendix B. 

Figure 6-1 shows a log-log plot of the WIPP-13 
drawdown data along with the best-fit simulation of 
those data generated with the INTERPRET well- 
test-analysis code (see Appendix B). The simulation 
shown uses a formulation for a double-porosity system 
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with slab-shaped matrix blocks, unrestricted interpor- 
osity flow, a transmissivity of 69 ft2/day, and includes 
the effects of an image discharge well relatively close 
(6800 ft) to WIPP-13 and three image recharge wells 
much farther (27 700, 35 100, and 39200 f t )  from 
WIPP-13 (Table 6-1). 

The image discharge well represents a no-flow 
(low-permeability) boundary 3400 f t  (half the dis- 
tance to the image well) from WIPP-13, and the image 
recharge wells represent constant-pressure (high- 
permeability) boundaries 13 900,17 600, and 19 600 f t  
from WIPP-13. The storativity ratio, w,  for this simu- 
lation is 0.001, which is an approximate measure of the 
percentage of water produced from the fractures ver- 
sus that produced from the matrix. 

Assuming that the matrix porosity of the Culebra 
is -20%, that the fluid viscosity is -1.0 cp, and that 
the total-system compressibility is -1.0 x lop5 psi-’, 
the skin factor (s) for WIPP-13 is ---7.7. A highly 
negative skin factor such as this indicates that the 
wellbore is directly intersected by fractures, an indica- 
tion supported by examination of the core obtained 
from WIPP-13. High-permeability fractures in direct 
communication with a wellbore may act as additional 
production surfaces to the well in addition to the 
wellbore itself. 

I 1 I I I 

Jenkins and Prentice (1982) term this type 
of wellbore-fracture system an “extended” well. 
Earlougher (1977) relates skin factor to an “effective” 
wellbore radius quantitatively by the following 
equation: 

0 a 101 

a 
3 
u) 
u) w a n 

w 

$ 100 

22. 
5 
E 

w 
A z 
v) 

c] 10-1 

where 

MATCH PARAMETERS BOUNDARIES 

AP = 1.0 psi NO-FLOW AT D, = 15,000 

t = 1.0 hr CONSTANT-PRESSURE AT D O  = 250.000 
400,000 

- PO 500,000 
= 0.166 

t d c ,  = 45 

(CDe29, = 5.0 

(Coe2s)l+m = 5.0 x loT3 
Ae-2‘ = 0.5 

PI = 136.51 pslg - 

- 

OPRESSUREDATA 

re = effective wellbore radius 
rw = actual wellbore radius 
s = skin factor 

This equation indicates that a well with a positive skin 
factor (wellbore damage) behaves hydraulically like a 
well with a smaller radius. Conversely, a well with a 
negative skin factor should behave like a well with a 
larger radius. 

Application of Eq (6.1) indicates that WIPP-13, 
with a skin factor of - - 7.7 and an actual radius of 
0.372 ft, behaves like a well with a radius of -800 ft. 
Extremely negative skin factors, however, are better 
viewed qualitatively than quantitatively. Instead of 
attaching too much significance to a calculated effec- 
tive well radius, WIPP-13 should be viewed simply as 
a well intersected by fractures that increase its pro- 
duction surface. 

* PRESSURE-DERIVATIVE DATA 
- SIMULATIONS 

10-2 I/ I I I I I I 
10-2 10-1 100  101 1 0 2  103 1 0 4  105 

DIMENSIONLESS TIME GROUP, t,/Co 

Figure 6- 1. WIPP-13 Drawdown Log-Log Plot With INTERPRET Simulation 
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Table 6-1. Summary of Well-Response Interpretations 

For 
Flowpath Apparent Distances to 
Between Data Modifications Trans- Apparent Image Wells 
WIPP-13 Trend Barometric missivity Stora- Discharge Recharge 
and Well (f t / lO days) Efficiency (ft2/day) tivity (ft) (ft) 
WIPP-13 

Drawdown NA 

Recovery NA 

WIPP-12 

WIPP-18 

WIPP-19 

WIPP-21 

WIPP-22 

WIPP-25 

WIPP-30 

H-1 

H-2b2 

H-6a 

H-6b 

DOE-2 

0.148 

0.119 

0.249 

0.553 

0.269 

NA 

0.175 

0.445 
0.445 

0.197 

NA 

NA 

NA 

P-14 NA 

ERDA-9 0.520 

Exhaust 0.939 
Shaft 

NA 

NA 

NA 

NA 

NA 

0.5 

NA 

0.3 

NA 

NA 
NA 

0.6 

NA 

NA 

NA 

0.7 

NA 

NA 

69* 

69* 

7.9 

23 

24 

22 

19 

650 

28 

20 
20 

16 

71 

69 

57 

265 

22 

28 

- 

- 

3.6 x 
4 . 0 ~  lop5 
4 . 0 ~  

5 . 3 ~  

4 . 7 ~  

6 . 4 ~  

5.6 x lop6 
1 . 3 ~  
1.3 x 
7 . 3 ~  

8.2 X 

7 . 9 ~  

5.1 X 

5 . 2 ~  

5 . 4 ~  

5 . 5 ~  

27 700 
35 100 
39 200 
25 600 
32 300 
36 200 

7 300 

18 700 

23 200 

19 200 

14 200 
- 

40 900 
- 

17 600 

12 000 

50 800 

50 800 

34 200 
48 400 

43 900 

11 700 
- 

*True (not apparent) value 

The interpretation of unrestricted interporosity 
flow and the low storativity ratio a t  WIPP-13 further 
attest to the role of fractures as production surfaces. 
As mentioned earlier, the WIPP-13 data were best 
matched by using a model incorporating unrestricted 
interporosity flow. This means that the water stored 
in the matrix pores communicates readily with the 
fractures. The very early stabilization of the pressure 
derivative in Figure 6-1 shows that the transition from 

fluid being produced to the well only from fractures to 
fluid being produced from both fractures and the 
matrix began almost immediately after the pump was 
turned on. The low storativity ratio, which indicates 
that the vast majority of the water produced came 
from the matrix, provides additional evidence that the 
primary role of the fractures is to move water pro- 
duced from the matrix to the wellbore. 
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The hydraulic boundaries included in the simula- 
tion in Figure 6-1 must be viewed qualitatively. 
Boundaries within the Culebra are not absolute, as is 
assumed by the analysis technique. The apparent 
boundaries are caused by variations in transmissivity 
over the area stressed by the pumping test. Thus, the 
meaning of the distances to the boundaries derived 
from the simulations is unclear. The apparent no-flow 
boundary revealed by the analysis probably indicates 
a decrease in Culebra transmissivity fairly close to 
WIPP-13. This correlates with the known area of low 
transmissivity to the east of WIPP-13, which includes, 
among others, wells WIPP-12, WIPP-18, WIPP-19, 
and H-5 (Mercer, 1983; Beauheim, 198713). The three 
constant-pressure boundaries indicated by the simu- 
lation can be related to the very high transmissivities 
found to the west of WIPP-13 in Nash Draw, such as 
a t  wells P-14, WIPP-25, and WIPP-26 (Mercer, 1983). 

Figure 6-2 shows a dimensionless Horner plot of 
the WIPP-13 drawdown data, along with the simula- 
tion generated by INTERPRET using the same model 
as in Figure 6-1. The simulation fits the data very well, 
indicating the model is a reasonable approximation of 

4.0 

3.0 

._. - 
Y 
n 
I 

gn 2.0 
U 

e18 

1 .0 

0.0 

the physical situation. Figure 6-3 is a linear-linear plot 
of the drawdown data and simulation, again indicat- 
ing close agreement. 

Approximately 750 hr after the start of the 864-hr 
pumping period, the packer isolating the test interval 
in WIPP-13 (Figure 4-1) began to deflate. By the 
beginning of the recovery period, the packer was en- 
tirely deflated. Thus, the recovery of the well entailed 
an actual water-level change in the well casing, as 
opposed to the pressure change that occurred during 
the drawdown period when the packer was inflated. 
One consequence of this difference was that more 
wellbore storage was evident in the recovery data than 
in the drawdown data. 

This is seen most clearly in the log-log plot of the 
recovery data (Figure 6-4). The best-fit simulation of 
these data used an initial CDe2' type curve with a value 
of 100, as opposed to the value of 5.0 used for the 
drawdown simulation, indicating more wellbore stor- 
age during recovery. The pressure derivative shows an 
initial maximum early in the recovery curve, also 
indicating more wellbore storage than was present 
during drawdown. 

I I I L 

MATCH PARAMETERS 

AP = 1.0 psi 

I = 1.0 hr 

= 0.166 . PO 
tdC, = 4 5  

(CDe2*), = 5.0 

(CDeZa),+,,, = 5.0 x 
Ae-2' = 0.5 

P' = 136.51 psi 

- BOUNDARIES 

NO-FLOW AT DD 15,000 
CONSTANT-PRESSURE AT DD = 250,000 

400,000 
500,000 

+ DATA 
- SIMULATION 

- I I _._ 
-2.0 0.0 2.0 4.0 6.0 

DIMENSIONLESS SUPERPOSITION FUNCTION: FLOW PERIOD 1 

Figure 6-2. WIPP-13 Drawdown Dimensionless Horner Plot With INTERPRET Simulation 
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Figure 6-3. WIPP-13 Drawdown Linear-Linear Sequence Plot With INTERPRET Simulation 
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Figure 6-4. WIPP-13 Recovery Log-Log Plot With INTERPRET Simulation 
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The model used for the simulation in Figure 6-4 is 
very similar to that used for the drawdown simula- 
tions (Figures 6-1 through 6-3). The model is of a 
double-porosity system with slab-shaped matrix 
blocks, unrestricted interporosity flow, a transmissiv- 
ity of 69 ft2/day, and includes the effects of a no-flow 
(low-permeability) boundary relatively close (3100 ft) 
to WIPP-13 and three constant-pressure (high- 
permeability) boundaries much farther (12 800, 
16 200, and 18 100 ft) from the well (corresponding 
distances to image wells listed in Table 6-1). The 
boundaries in the recovery simulation are 300 to 1500 
f t  (8% to 9 % )  closer than they are in the drawdown 
simulation, providing a measure of the uncertainty 
associated with distance determinations made by us- 
ing INTERPRET. As discussed earlier, however, 
these boundaries should be considered qualitatively 
rather than quantitatively. 

A dimensionless Horner plot of the recovery data 
and the INTERPRET simulation is shown in Figure 
6-5. The agreement between the simulation and data 
is excellent. Figure 6-6 shows the fit between the 
model derived from the recovery analysis and both the 
drawdown and recovery data on a linear-linear plot; 
again, the fit is excellent. 

6.2 Observation Wells 
The observation-well data from the WIPP-13 

multipad test were interpreted by fitting them to the 
line-source solution of Theis (1935) for flow in a 
confined porous medium, as implemented in INTER- 
PRET (Appendix B). The line-source solution de- 
scribes the response observed at  an observation well 
sufficiently far from a pumping well that the pumping 
well can be approximated as a line source (or sink). 
The values obtained from this solution describe the 
properties of the aquifer between the pumping well 
and the observation well. 

Several assumptions are implicit in the use of the 
line-source solution to simulate observation-well re- 
sponses. One assumption is that the aquifer is areally 
homogeneous. This means that water is contributed to 
the pumping well equally from all directions. In a 
nonhomogeneous aquifer, less permeable regions will 
contribute less water, and more permeable regions will 
contribute more water. In a nonhomogeneous aquifer 
with smoothly and monotonically varying properties, 
this will cause more drawdown in the more permeable 
regions than would result from pumping at  the same 
rate in a homogeneous system and less drawdown in 
the less permeable regions. 

+ DATA 
- SIMULATION 

I I 

= 1.0 psi 

t = 1.0 hr 

Po = 0.166 

lO/CO = 53 

(CoeZ9, = 100 

(CDe2S),+,,, = 5.0 x 

Ae-?' = 0.35 

P' = 131.41 psig 
BOUNDARIES 

AP 

NO-FLOW AT Do = 15,000 
CONSTANT-PRESSURE AT Do = 250,000 

400,000 
500,000 

0.0 2 4 6 

DIMENSIONLESS SUPERPOSITION FUNCTION: FLOW PERIOD 2 

Figure 6-5. WIPP-13 Recovery Dimensionless Horner Plot With INTERPRET Simulation 
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Figure 6-6. WIPP-13 Linear-Linear Sequence Plot With INTERPRET Simulation 

As a result, estimates of the transmissivity be- 
tween the pumping well and an observation well in a 
more permeable region will be too low, and estimates 
of the transmissivity between the pumping well and 
an observation well in a less permeable region will be 
too high. In a more complex, nonhomogeneous aquifer 
with an irregular distribution of properties, responses 
are more difficult to predict and could result in esti- 
mated hydraulic properties that are either too high or 
too low. Thus, the solution obtained from a single test 
in a nonhomogeneous aquifer is in no sense a unique 
description of the average hydraulic properties be- 
tween any two points. 

Numerical rather than analytical modeling is re- 
quired to define the distribution of hydraulic proper- 
ties that will best simulate the responses observed 
when a number of wells in a nonhomogeneous system 
are pumped concurrently or in succession. In this 
report, the transmissivity and storativity values de- 
rived by using an analytical approach are termed the 
“apparent” values. 

A second assumption underlying the use of a line- 
source solution is that, on the areal scale of the obser- 
vations, the aquifer behaves like a single-porosity 
medium. In a double-porosity medium, this assump- 
tion is justified when an observation well is far enough 
from the pumping well that only total-system re- 
sponses are observed (Appendix B). With t,he nearest 

observation well (WIPP-12) being 4210 f t  from the 
pumping well (Table 3-l) ,  no measurable double- 
porosity effects were expected and, in fact, none were 
detected a t  any of the observation wells. 

A final cautionary note is appropriate with regard 
to the hydraulic boundaries (image wells) used in the 
simulations presented below. The INTERPRET anal- 
ysis code uses image wells a t  specific distances from 
the pumping and observation wells to simulate the 
effects of hydraulic boundaries. If these boundaries 
were in fact discrete hydrogeologic features such as 
faults or rivers intersecting the aquifer, the uncer- 
tainty in the distances presented would be, a t  best, - f 10%. In the case of the Culebra, the boundaries 
are believed to represent a heterogeneous distribution 
of transmissivity, and the significance of the distances 
provided by the simulations is unclear. Consequently, 
the boundaries used in the simulations should not be 
viewed quantitatively, but should be regarded as indi- 
cators of the types of transmissivity changes occurring 
in different regions. 

6.2.1 WIPP-12 
Figure 6-7 presents the WIPP-12 pressure data 

modified to compensate for the pretest trend (Section 
5.2), along with an INTERPRET-generated simula- 
tion of those data. The simulation shown is a line- 
source solution using an apparent transmissivity of 
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7.9 ft2/day, an apparent storativity of 3.6 X lop5, and 
an image recharge well a t  a distance of -7300 f t  from 
WIPP-12 (Table 6-1). The image recharge well was 
necessary to make the recovery simulation rise as 
rapidly as the data. To whatever extent the linear 
compensation for the pretest trend is an overcompen- 
sation, i t  serves to slow the rise of the recovery data. 
Hence, the actual recovery might have been somewhat 
more rapid, requiring that the image recharge well be 
moved closer to WIPP-12. 

Figure 6-8 shows a dimensionless Horner plot of 
the WIPP-12 drawdown data as well as the simulation 
generated by INTERPRET. The excellent fit of the 
simulation to the data indicates that an appropriate 
model has been selected. The response a t  WIPP-12 
(and most of the other observation wells) to pumping 
a t  WIPP-13 was not sufficiently developed to make 
log-log data plotting and curve matching particularly 
informative or definitive. That is to say, no period of 
infinite-acting radial flow, as indicated by a stabilized 
pressure derivative, was reached during the test. 
Therefore, no log-log plots are presented of the WIPP- 
12 (and most other observation wells’) data. 

The apparent transmissivity of 7.9 ft2/day derived 
from the INTERPRET simulations of the WIPP-12 
data is considerably lower than the 69 ft2/day deter- 
mined for WIPP-13. As discussed earlier, this value 
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represents an average transmissivity for the Culebra 
between WIPP-13 and WIPP-12. It is lower than the 
value for WIPP-13 because WIPP-12 lies in a low- 
permeability region of the Culebra. The local Culebra 
transmissivity derived from tests a t  WIPP-12 is -0.1 
ft2/day (Beauheim, 198713). The image recharge well 
used in the simulation should not be viewed quantita- 
tively, but should be regarded as a qualitative indica- 
tion of the higher permeability region lying to the west 
of WIPP-12. 

6.2.2 WIPP-18 
The WIPP-18 pressure data, modified to compen- 

sate for the pretest trend (Section 5.3), are presented 
in Figure 6-9 along with an INTERPRET-generated 
simulation of those data. The simulation shown is a 
line-source solution using an apparent transmissivity 
of 23 ft2/day, an apparent storativity of 4.0 X lop5, 
and an image recharge well a t  a distance of - 18 700 f t  
(Table 6-1). As was the case with the WIPP-12 data 
(Section 6.2.1), the image recharge well was necessary 
to make the recovery simulation rise as rapidly as the 
data. If the linear compensation for the pretest trend 
is an overcompensation, the actual recovery was some- 
what more rapid, requiring that the image recharge 
well be moved closer to WIPP-18. 

MATCH PARAMETERS + + + +++++ 

= 38.51 prl 

IMAGE RECHARGE WELL AT DD = 3 

I I I 
-1000 0.0 1000 2000 3000 

ELAPSED TIME, hours 

Figure 6-7. WIPP-12 Modified Pressure Response With INTERPRET Simulation 
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A dimensionless Horner plot of the WIPP-18 
data is presented in Figure 6-10 along with the 
INTERPRET-generated simulation. The data and 
simulation agree very well. The apparent transmissiv- 
ity of 23 ft'lday obtained from the simulations is lower 
than the 69 ft'lday determined for WIPP-13, but 
higher than the 7.9 ft'lday determined for WIPP-12. 
As discussed earlier, this value represents an average 
transmissivity for the Culebra between WIPP-13 and 
WIPP-18. It is lower than the value for WIPP-13 
because WIPP-18 lies in a low-permeability region of 
the Culebra, but it is higher than the value for WIPP- 
12 because the local Culebra transmissivity at WIPP- 
18,0.3 ft'lday, is higher than that a t  WIPP-12 (Beau- 
heim, 1987b). The image recharge well used in the 
simulation should not be viewed quantitatively, but 
should be regarded as a qualitative indication of the 
higher permeability region lying to the northwest of 
WIPP-18. 

6.2.3 WIPP-19 
Figure 6-11 presents the WIPP-19 pressure data 

modified to compensate for the pretest trend (Section 
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5.4), along with an INTERPRET-generated simula- 
tion of those data. The simulation shown is a line- 
source solution using an apparent transmissivity of 
24 ft'lday, an apparent storativity of 4.0 X and 
an image recharge well a t  a distance of -23 200 ft 
(Table 6-1). A dimensionless Horner plot of the draw- 
down data is shown in Figure 6-12 with the simulation 
generated using INTERPRET. As with the linear- 
linear plot (Figure 6-11), the data and simulation are 
in close agreement. 

The apparent transmissivity of 24 ft'lday used in 
the WIPP-19 simulations is lower than the 69 ft2/day 
determined for WIPP-13 because WIPP-19 lies in a 
low-permeability region of the Culebra (Beauheim, 
1987b). The image recharge well used in the simula- 
tion should not be interpreted as a quantitative mea- 
sure of the distance to a boundary, but should be 
viewed as a qualitative indication of the higher perme- 
ability region lying to the northwest of WIPP-19. Note 
also that the simulated distance to the image recharge 
well is partly dependent on the pretest-trend compen- 
sation used for the WIPP-19 data. 
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6.2.4 WIPP-2 1 
Figure 6-13 presents the WIPP-21 pressure data 

compensated for barometric effects and the pretest 
trend (Section 5.5), along with the best-fit simulation 
of those data generated by INTERPRET. The simula- 
tion employs a line-source solution with an apparent 
transmissivity of 22 ft'lday, an apparent storativity of 
5.3 x and an image recharge well at  a distance of 
-19 200 f t  (Table 6-1). The simulation does not fit 
the data quite as well as do the simulations for WIPP- 
12 (Figure 6-7), WIPP-18 (Figure 6-9), and WIPP-19 
(Figure 6-11), primarily because the plotted WIPP-21 
data are not as regular as are the data from those other 
wells. The more irregular behavior of the WIPP-21 
data may reflect pressure changes in the Culebra 
caused by leakage from the Culebra into one or more 
of the nearby shafts at  the WIPP site (see Sections 
6.2.13 and 6.2.14). 

Regardless of any potential minor shaft influences 
on the WIPP-21 data, the best-fit simulation is very 
consistent with those for WIPP-18 and WIPP-19. The 
apparent transmissivity of 22 ft2/day derived from the 
WIPP-21 data is similar in magnitude to the values 
determined from the WIPP-18 and WIPP-19 data 
(Table 6-1) and is lower than the 69 ft'lday deter- 
mined for WIPP-13 because WIPP-21 lies in a low- 
permeability region of the Culebra (Beauheim, 

23 

22 

.- 
m 
n 

- 

- 

to ~ 1112187 09:OO 

1987b). The image recharge well used in the simula- 
tion (whose modeled location is dependent in part on 
the pretest trend compensation used) should not be 
interpreted as a quantitative measure of the distance 
to a boundary, but should be viewed as a qualitative 
indication of the higher permeability region lying to 
the northwest of WIPP-21. 

6.2.5 W I PP-2 2 
The WIPP-22 pressure data, modified to compen- 

sate for the pretest trend (Section 5.6), are presented 
in Figure 6-14 along with an INTERPRET-generated 
simulation of those data. The simulation shown is a 
line-source solution using an apparent transmissivity 
of 19 ft'lday, an apparent storativity of 4.7 X lop5, 
and an image recharge well at  a distance of - 14 200 f t  
(Table 6- 1). The apparent transmissivity of 19 ft2/day 
is lower than the 69 ft'lday determined for WIPP-13 
because WIPP-22 lies in the same low-permeability 
region of the Culebra as WIPP-18, WIPP-19, and 
WIPP-21 (Beauheim, 198713). The image recharge well 
used in the simulation (whose modeled location is 
dependent in part on the pretest trend compensation 
used) should not be interpreted as a quantitative 
measure of the distance to a boundary, but should be 
viewed as a qualitative indication of the higher perme- 
ability region lying to the northwest of WIPP-22. 
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Figure 6-1 3. WIPP-21 Compensated Pressure Response With INTERPRET Simulation 
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6.2.6 WIPP-25 
Figure 6-15 presents the WIPP-25 pressure data 

compensated for barometric effects (Section 5.7), 
along with a simulation of those data generated by 
INTERPRET. The simulation uses a line-source solu- 
tion with an apparent transmissivity of 650 ft2/day 
and an apparent storativity of 6.4 X (Table 6-1). 
Even with the barometric correction, the data are 
somewhat scattered, resulting in a moderate degree of 
uncertainty in the fit of the simulation to the data. No 
specific need for any type of hydraulic boundary was 
indicated by the simulation. 

The apparent transmissivity of 650 ft2/day is con- 
siderably higher than both the 69 ft2/day determined 
for WIPP-13 alone and the local Culebra transmissiv- 
ity at WIPP-25 of 270 ft2/day reported by Mercer 
(1983). This may reflect either the presence of a zone 
with extremely high transmissivity between WIPP-13 
and WIPP-25, similar to the areas around WIPP-26 
and WIPP-27 (Mercer, 1983), or a general diminution 
of the magnitude of the pressure front from WIPP-13 
as it began to expand westward into the high- 
transmissivity region represented by Nash Draw. 
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6.2.7 WIPP-30 
The WIPP-30 pressure data, compensated for the 

pretest trend (Section 5.8), are shown in Figure 6-16 
along with a simulation of those data generated by 
INTERPRET. The simulation is a line-source solu- 
tion using an apparent transmissivity of 28 ft2/day, an 
apparent storativity of 5.6 X lop6, and an image 
recharge well a t  a distance of -40 900 f t  (Table 6-1). 
A dimensionless Horner plot of the WIPP-30 draw- 
down data and simulation is shown in Figure 6-17. 
The simulation fits the data as well by using this 
plotting technique as it does on the linear-linear plot 
(Figure 6-16), indicating that an appropriate model 
has been selected. As discussed in reference to WIPP- 
12 and other wells, the modeled location of the image 
recharge well used in these simulations is dependent 
in part on the pretest trend compensation used. Fur- 
thermore, the need for this image well in the simula- 
tions should be interpreted only as a qualitative indi- 
cation of the WIPP-30 response being affected by a 
higher permeability region. 
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The WIPP-30 response and simulations are inter- 
esting for several reasons. First, a higher magnitude 
drawdown response was observed at  WIPP-30 than at  
other observation wells closer to WIPP- 13 (Table 5-1) 
with comparably low local values of transmissivity 
(Beauheim, 1987b; Mercer, 1983). Second, the appar- 
ent storativity indicated by the simulations, 5.6 X 
IOp6, is about an order of magnitude lower than the 
values used in the simulations of the data from the 
WIPP-series wells to the southeast of WIPP-13 
(Table 6-1). Given these observations, the high- 
transmissivity fractured region known to exist in the 
area of WIPP-13, H-6, and DOE-2 must extend closer 
to WIPP-30 to the north than it does to the wells such 
as WIPP-21, ERDA-9, H-1, and H-2 to the south 
(Figure 1-1). 

6.2.8 H-1 
Figure 6-18 presents the H-1 pressure data, com- 

pensated for the pretest trend (Section 5.9), along 
with an INTERPRET-generated simulation of those 
data. An important feature of this plot is that, after 
the pretest trend compensation was made, no actual 
recovery (i.e., pressure rise) was evident by the end of 

the monitoring period. The lack of a recovery limb on 
the data curve decreases the uniqueness of any simu- 
lation. For example, the simulation shown in Figure 
6-18 is of a line-source solution using an apparent 
transmissivity of 20 ft2/day, an apparent storativity of 
1.3 x lop4, and no image wells (Table 6-1). Figure 
6-19 shows an alternative simulation that fits the data 
equally well by using the same line-source solution 
and similar hydraulic properties, but with an image 
recharge well a t  a distance of - 17 600 f t  (Table 6-1). 
The presence or absence of such an image well is most 
conclusively manifested during recovery, but as noted 
earlier, recovery data are lacking in this instance. 

The apparent transmissivity and storativity val- 
ues do not change appreciably between the two H-1 
simulations presented, indicating that they are reli- 
able estimates of the average properties between 
WIPP-13 and H-1 for this test configuration. The 
existence of some type of recharge boundary is more 
problematic; it cannot be conclusively supported by 
the H-1 data alone, but its effects are evident in the 
data from other nearby wells such as WIPP-21 (Sec- 
tion 6.2.4), H-2b2 (Section 6.2.9), and ERDA-9 (Sec- 
tion 6.2.13). 
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6.2.9 H-2b2 
Figure 6-20 presents the H-2b2 pressure data 

compensated for barometric effects and the pretest 
trend (Section 5.10), along with the best-fit simulation 
of those data generated by INTERPRET. The simula- 
tion uses a line-source solution with an apparent 
transmissivity of 16 ft2/day, an apparent storativity of 
7.3 x and an image recharge well at a distance of - 12 000 f t  (Table 6-1). This apparent transmissivity 
is the lowest value obtained for any of the wells south 
and southeast of WIPP-13. The reason for this is 
unclear, but may be related to the distribution of 
heterogeneity within the Culebra. As discussed earlier 
with reference to the responses of the WIPP-series 
wells lying southeast of WIPP-13, the image recharge 
well used in the H-2b2 simulation should be viewed as 
a qualitative indication of the higher permeability 
regions of the Culebra lying north and west of H-2b2. 

6.2.10 H-6a and H-6b 
The H-6a pressure data and an INTERPRET- 

generated simulation of those data are presented in 
Figure 6-21. The simulation is based on a line-source 
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solution with an apparent transmissivity of 71 ft2/day, 
an apparent storativity of 8.2 X and an image 
recharge well a t  a distance of -50 800 f t  (Table 6-1). 
The H-6a response to pumping was sufficiently well 
developed to allow a reasonably definitive log-log 
simulation match to the data. Figure 6-22 shows a log- 
log plot of the H-6a drawdown data along with the 
line-source solution simulation discussed earlier. The 
fit of the simulation to the pressure data is excellent. 

The pressure-derivative data are fairly noisy, but 
the simulation shows that the effects of the recharge 
well or boundary (indicated by the declining deriva- 
tive in the simulation) were not significantly manifest- 
ed by the end of the drawdown period. The effects of 
the boundary were more evident in the recovery data. 
This is shown in Figure 6-21 by an alternative simula- 
tion lacking a boundary that fits the drawdown data 
well, but falls below the recovery data at late time. 

Figure 6-23 shows a linear-linear plot of the H-6b 
pressure data and simulation. This simulation is very 
similar to that for H-6a, using a line-source solution 
with an apparent transmissivity of 69 ft2/day, an 
apparent storativity of 7.9 X lop6, and an image 
recharge well a t  a distance of -50 800 f t  (Table 6-1). 
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The close agreement between the two H-6 appar- 
ent transmissivity values and the transmissivity ob- 
tained for WIPP-13 indicates that the Culebra is 
reasonably homogeneous between WIPP-13 and H-6. 
These apparent transmissivity values are also in close 
agreement with the local H-6b transmissivity of 73 
ft'lday reported by Mercer (1983), again indicating 
relative homogeneity in this region. The image re- 
charge well used in the H-6 simulations probably 
reflects an increase in Culebra transmissivity toward 
Nash Draw to the west. 

6.2.11 DOE-2 
DOE-2 was the first well a t  which a response to 

pumping at WIPP-13 was observed (Table 5-1). The 
continued response at DOE-2 was also more devel- 
oped than those observed a t  other wells in terms 
of approaching late-time behavior representative of 
infinite-acting radial flow and providing a clearer 
definition of boundary effects. Figure 6-24 shows a 
linear-linear plot of the DOE-2 pressure data, as well 
as the best-fit simulation of those data generated with 
INTERPRET. 

This simulation is a line-source solution with an 
apparent transmissivity of 57 ft2/day, an apparent 

3000 

storativity of 5.1 X lop6, an image discharge well a t  a 
distance of -15 300 f t ,  and image recharge wells at 
distances of -34 200 and -48 400 f t  (Table 6-1). The 
log-log plot of the DOE-2 drawdown data (Figure 
6-25) shows a reasonably definitive match to the simu- 
lation curves, except a t  early time. The early-time 
difference between the data and the simulation 
is probably related to wellbore-storage effects not 
accounted for in the line-source solution. 

The image wells used in the DOE-2 simulation are 
similar to those used in the WIPP-13 simulation 
(Section 6.1). The relatively close image discharge well 
probably relates to the several-orders-of-magnitude 
decrease in transmissivity known to occur between 
DOE-2 and H-5 to the east (Mercer, 1983) and WIPP- 
12 to the south (Beauheim, 198715). The more-distant 
image recharge wells probably relate to the increase in 
Culebra transmissivity that occurs to the west toward 
Nash Draw (Mercer, 1983). The relative consistency 
between the transmissivity value obtained for WIPP- 
13 (69 €t2/day, Table 6-1) and the apparent transmis- 
sivity of 57 ft'lday obtained from the DOE-2 data 
indicates greater Culebra homogeneity between 
WIPP-13 and DOE-2 than between WIPP-13 and the 
WIPP-series wells to the southeast of WIPP-13. 
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6.2.12 P-14 
Figure 6-26 shows the P-14 pressure data compen- 

sated for barometric-pressure effects (Section 5.16), 
as well as the best-fit simulation of those data gener- 
ated using INTERPRET. The simulation uses a line- 
source solution with an apparent transmissivity of 
265 ft2/day, an apparent storativity of 5.2 X and 
an image recharge well at  a distance of -43900 f t  
(Table 6-1). The simulation fits the data very well 
throughout most of the test period. Beginning -2000 
hr after pumping began, however, the pressure data 
show a sharp decline for an unknown reason for 
several hundred hours before resuming recovery 
(Figure 6-26). 

Figure 6-27 shows a dimensionless Horner plot of 
the P-14 drawdown data and simulation. The simula- 
tion fits the data as well by using this plotting tech- 
nique as it does on the linear-linear plot (Figure 6-26), 
indicating that an appropriate model has been select- 
ed. The apparent transmissivity of 265 ft2/day used in 
the P-14 simulations is almost twice as great as the 
local transmissivity of 140 ft2/day reported by Mercer 
and Orr (1979) for P-14. This high apparent transmis- 
sivity and the need for an image recharge well in the 
simulation both are indicative of increasing transmis- 
sivity from WIPP-13 toward P-14 and Nash Draw. 

6.2.13 ERDA-9 
The ERDA-9 pressure data, compensated for the 

pretest trend (Section 5.17), are shown in Figure 6-28 
along with the best-fit simulation obtained by using 
INTERPRET. The simulation is a line-source solu- 
tion with an apparent transmissivity of 22 ft2/day, an 
apparent storativity of 5.4 x lop5, and an image 
recharge well a t  a distance of -11 700 f t  (Table 6-1). 
The simulation does not fit the data particularly well, 
but does duplicate the total amount of drawdown 
measured and the time at  which recovery began. The 
parameters used in the simulation are also very con- 
sistent with those used in the simulations of the 
responses of the WIPP-series wells located north of 
ERDA-9 (Table 6-1). 

Several features of the ERDA-9 response shown in 
Figure 6-28 appear anomalous. First, drawdown ap- 
pears to begin very sharply several hundred hours 
after the simulation indicates it should have begun. 
Second, recovery also appears to begin quite sharply, 
with little transition from the drawdown response, 
and initially proceeds more rapidly than the simula- 
tion. Third, - 1700 hr after the beginning of pumping 
(-800 hr since the pump was turned off), the ERDA-9 
pressure stopped rising and began to drop for -300 hr 
before recovery resumed. Slight decreases in the rates 
of pressure recovery at  WIPP-21 (Figure 6-13) and the 
exhaust shaft (Figure 5-19) were also noted at  about 
this same time. 
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These observations indicate that ERDA-9 may 
not have been responding only to the pumping of 
WIPP-13. The drawdown in the middle of the recov- 
ery period in particular appears to be a response to a 
separate event. No nearby wells were pumped during 
this period (Stensrud et al., 1987), leaving only the 
WIPP-site shafts as potential candidates for the 
source of this response. The exhaust shaft response 
(Figure 5-19) appears to be too small to be a direct 
measure of an event that could have caused the re- 
sponse observed at ERDA-9. No pressure or leakage 
data are available from the C&SH shaft over this 
period, but that shaft has no history of significant 
leakage from the Culebra. The waste-handling shaft, 
for which leakage from the Culebra is better docu- 
mented (Haug et al., 1987), is the most likely source of 
a separate drawdown event. The lack of data from that 
shaft over this period, however, leaves this argument 
speculative a t  best. 

6.2.14 Exhaust Shaft 
The pressure data from exhaust shaft piezometer 

#212, compensated for the pretest trend, are shown in 
Figure 6-29, along with a simulation generated by 
INTERPRET. Because this piezometer indicates 
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pressure changes in discrete steps of 0.5 psi rather 
than over a continuous range, the linear compensation 
applied to correct for the pretest trend created an 
apparent en echelon pattern in the data, with each 
group of points corresponding to a plateau between 
steps in the data. The goal of the simulation was to 
match the midpoint of each group of data as well as 
possible. This goal was met with only modest success 
in the best-fit simulation obtained (Figure 6-29). This 
simulation uses a line-source solution with an appar- 
ent transmissivity of 28 ft'lday, an apparent storati- 
vity of 5.5 X lop5, and no hydraulic boundaries (Table 
6-1). 

The data and the simulation shown in Figure 6-29 
differ in several important respects. First, drawdown 
began later than predicted by the model, as was the 
case with ERDA-9 (Section 6.2.13). Second, -2000 hr 
after the beginning of pumping (- 1100 hr after the 
pump was turned off), the pressure stopped rising 
(i.e., stayed on a specific step) for several hundred 
hours before recovery resumed, as if a withdrawal of 
fluid from the Culebra a t  some location temporarily 
caused drawdown a t  the exhaust shaft. Again, this 
behavior parallels that observed a t  ERDA-9 (Figure 
6-28). 

I I i I I 
t + M A T C H  P A R A M E T E R S  

+ ' + B  + Ap = 1.Opsi 
t = 1.0 hr 
pD = 6.5 x lo-* 
WrD' = 3.3 x 10-4 

P' = 115.46 psig 
= 7920 11 

1, = 1/12/07 0 9 0 0  

+ 
+ DATA 
- SIMULATI 

I I I I I ... 
-2000 -1 000 0.0 1000 2000 3000 4000 

ELAPSED TIME, hours 

Figure 6-29. Exhaust Shaft Piezometer #212 Modified Pressure Response With INTERPRET 
Simulation 
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The anomalous drawdown response a t  the ex- 
haust shaft appears to lag behind that seen a t  ERDA- 
9, although the low resolution of the exhaust shaft 
pressure data makes identification of inflection points 
difficult. If leakage into the waste-handling shaft were 
the cause of the drawdowns seen at the exhaust shaft 
and ERDA-9, the response a t  the exhaust shaft should 
have been noted before that a t  ERDA-9 because the 
exhaust shaft is slightly closer to the waste-handling 
shaft than is ERDA-9. However, heterogeneity in the 
Culebra could be responsible for the response being 
observed a t  ERDA-9 first. 

No image recharge wells were used in the simula- 
tion of the exhaust shaft data, even though they were 
used in the simulations of the data from all of the 
other wells southeast of WIPP-13. The short duration 
of the recovery period before the anomalous draw- 
down mentioned earlier, however, causes the simula- 
tion to be nondefinitive. Had recovery continued long- 
er without interruption, the inclusion of an image 
recharge well in the simulation might have been indi- 
cated. Inclusion of an image recharge well would have 
caused the apparent transmissivity between WIPP-13 
and the exhaust shaft to decrease slightly. In general, 
the apparent hydraulic parameters used in the ex- 
haust shaft simulation are in good agreement with 
those used in the simulations of the data from nearby 
wells (Table 6-1). 

6.3 Discussion 
From the analysis of the pumping-well data, the 

Culebra was determined to behave hydraulically like a 
double-porosity medium with unrestricted interporo- 
sity flow, having a transmissivity of 69 ft2/day a t  
WIPP-13. The presence of large, open fractures in the 
Culebra core from WIPP-13 indicates that the two 
porosity sets identified by the analysis probably con- 
sist of the fractures and the primary porosity of the 
rock matrix, which includes a large component of 
vugs. 

The unrestricted interporosity flow, highly nega- 
tive skin factor, and low storativity ratio determined 
from the WIPP-13 data indicate that the fractures 
and the rock matrix in the Culebra around WIPP-13 
communicate readily and that the fractures act as the 
principal transport medium for water in storage in 
the matrix. Both low-transmissivity and high- 
transmissivity boundaries were indicated by the anal- 
ysis of the WIPP-13 data; these correlate with a region 
of decreased Culebra transmissivity east of WIPP-13 
and a region of increased Culebra transmissivity west 
of WIPP-13. 

The wells to the south and southeast of WIPP-13 
that responded during the test all lie in a region of the 

Culebra having a transmissivity <1 ft2/day (Beau- 
heim, 1987b; Mercer, 1983). No pervasive, open frac- 
tures are evident in the existing Culebra core from 
these holes. Similar responses to the pumping test 
were observed a t  all of these wells, and the apparent 
hydraulic parameters derived from the simulations of 
these responses are in reasonably good agreement. 

With the exception of WIPP-12, apparent trans- 
missivities ranged from 16 to 28 ft2/day (Table 6-1). 
The apparent transmissivity determined from the 
WIPP-12 data was only 7.9 ft2/day (Table 6-l), proba- 
bly reflecting the fact that the local transmissivity 
around WIPP-12 is lower than that around the other 
wells farther south (Beauheim, 1987b). The apparent 
storativities among this group of wells are also consis- 
tent, with values ranging generally from 3.6 X to 
5.5 x lop5 (Table 6-1). The apparent storativities 
derived from the H-1 and H-2b2 data are slightly 
higher, being 1.3 x lop4 and 7.3 x lop5, respectively 
(Table 6-1). Why these two values are higher remains 
unknown. 

Similar types of hydraulic boundaries were also 
indicated by the simulations of the data from this 
group of wells. With the exception of H-1 and the 
exhaust shaft, all simulations included the presence of 
a recharge (or high-transmissivity) boundary. The 
H-1 and exhaust shaft simulations did not require 
recharge boundaries (although equally good fits were 
obtainable with recharge boundaries as without), 
primarily because of low degrees of measured recov- 
ery. Additional recovery data could have provided 
definitive indications of the presence of a recharge 
boundary. 

The recharge boundary probably represents the 
effects of the higher transmissivity region of the Cule- 
bra lying to the west of these wells. If the actual 
boundary were a discrete hydrologic feature, such as a 
stream intersecting the Culebra, rather than a grada- 
tional change in transmissivity, its precise location 
could be identified by using the distances to the 
boundary given by each of the simulations and the 
graphical techniques presented in Ferris et al. (1962). 
In this instance, these techniques produced no mean- 
ingful results, indicating that gradual changes in Cule- 
bra transmissivity and not a discrete hydrologic fea- 
ture were responsible for the apparent boundary 
effects. 

A second group of wells that exhibited similar 
behavior includes H-6a, H-6b, and DOE-2. The Cule- 
bra core from the H-6 wells and DOE-2 shows exten- 
sive fracturing, similar to that a t  WIPP-13. The area 
encompassing H-6, DOE-2, and WIPP-13 appears to 
be an area of relative Culebra homogeneity. The ap- 
parent transmissivities derived from the simulations 
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of the responses a t  H-6 and DOE-2 are high and are in 
reasonable agreement with the value derived from the 
WIPP-13 data (Table 6-1). The apparent storativities 
are similar among this group of wells, ranging from 
5.1 x lop6 to 8.2 x (Table 6-1), and are approxi- 
mately one order of magnitude lower than the appar- 
ent storativities derived for the wells to the south and 
southeast of WIPP-13. The fastest responses to the 
WIPP-13 pumping were observed at  these wells; 
DOE-2 responded within 1 hr to the start of pumping 
at WIPP-13, and the H-6 wells responded in 8 hr 
(Table 5-1). 

The high apparent transmissivities, low apparent 
storativities, and rapid responses noted at  these wells 
all indicate that the Culebra exhibits well-developed 
hydraulic communication and relatively homogeneous 
hydraulic properties within this region. These obser- 
vations are consistent with the presence of an exten- 
sive, well-developed fracture system within the Cule- 
bra over this portion of the WIPP site. 

The simulations of the DOE-2 data incorporated 
boundaries very similar to those used in the WIPP-13 
simulations, including a discharge (low-transmissivity) 
boundary and two recharge (high-transmissivity) 
boundaries. No other observation-well simulations in- 
cluded discharge boundaries. The justification for a 
discharge boundary in the DOE-2 simulation is clear, 
however, as DOE-2 is the only well in an area of high 
Culebra transmissivity that is between WIPP-13 and 
the low-transmissivity region to the east. The recharge 
boundaries used in the DOE-2 and H-6 simulations 
probably reflect the increased Culebra transmissivi- 
ties found to the west toward Nash Draw. 

Culebra core from WIPP-30 (Sandia and USGS, 
1980b) is similar to that from such wells as WIPP-19 
(Sandia and USGS, 1980a) in that no pervasive, open 
fractures are evident. The local Culebra transmissivi- 
ty at  WIPP-30,0.2 ft2/day, is also similar to the values 
measured at  the wells southeast of WIPP-13 (Beau- 
heim, 1987b). The WIPP-13 multipad test response at  
WIPP-30 and its simulation bear resemblances both 
to those at  the wells southeast of WIPP-13 and to 
those at  DOE-2 and H-6. Similarities between the 
WIPP-30 and southeastern wells’ responses and simu- 
lations include similar apparent transmissivities and 
the need for single recharge boundaries in the simula- 
tions. Similarities to the DOE-2 and H-6 responses 
and simulations include a short response time (Table 
5-1) considering WIPP-30’s distance from WIPP-13 
(18 330 ft)  and a low apparent storativity of 5.6 X lop6 
(Table 6-1). Together, these observations indicate 
that, while WIPP-30 itself lies in a region of relatively 
low Culebra transmissivity similar in magnitude to 
that to the southeast of WIPP-13, the high-transmis- 
sivity region incorporating DOE-2 must come rela- 

tively closer to WIPP-30 than to the WIPP-series 
wells to the southeast. 

The Culebra core from WIPP-25 shows extensive 
fracturing (Sandia and USGS, 1979b). The Culebra 
was not cored at  P-14, but based on the apparent 
dissolution of halite from the unnamed lower member 
of the Rustler beneath the Culebra at  P-14 (Snyder, 
1985) and the high productivity of the Culebra during 
testing at  P-14 (Mercer and Orr, 1979), fractures can 
be predicted to be present in the Culebra at  that 
location. The WIPP-13 multipad test responses ob- 
served a t  P-14 and WIPP-25 had similar differences 
from those observed a t  the other wells. Responses to 
pumping were observed a t  both P-14 and WIPP-25 
sooner than at  some other wells closer to WIPP-13, 
but the magnitudes of the drawdowns observed were 
lower than at  those other wells (Table 5-1). 

The apparent transmissivities obtained from the 
simulations of the responses a t  P-14 and WIPP-25 are 
very high, particularly that from WIPP-25, reflecting 
the high transmissivities found in Nash Draw (Mer- 
cer, 1983). The apparent storativities are in close 
agreement and are similar to  those obtained from 
the wells to  the southeast of WIPP-13 (Table 6-1). 
The P-14 simulation included a recharge (high- 
transmissivity) boundary, probably indicating the 
higher transmissivity toward Nash Draw, while that 
for WIPP-25 (which is in Nash Draw) did not. 

In summary, the geologic data, individual well- 
test results, and the simulations of the WIPP-13 
multipad test responses provide a picture of a hetero- 
geneous, water-bearing unit. The Culebra appears to 
be a fractured unit, exhibiting double-porosity hy- 
draulic behavior on the local pad scale, in the vicinity 
of WIPP-13, H-6, and DOE-2. This system appears to 
extend further to the north toward WIPP-30, al- 
though WIPP-30 itself lies in an apparently unfrac- 
tured, lower transmissivity zone. To the south and 
southeast, fracturing decreases as the apparent trans- 
missivity decreases and the apparent storativity in- 
creases. Toward Nash Draw to the west, the apparent 
transmissivity increases, indicating increased fractur- 
ing in that direction. 

As discussed in the introduction to this chapter, 
the quantitative information obtained from the ana- 
lytic techniques applied to the observation-well data 
is nonunique. However, these analyses provide a qual- 
itative conceptualization of that part of the Culebra 
affected by the WIPP-13 multipad pumping test. This 
conceptualization is being refined by using numerical- 
modeling techniques to simulate the WIPP-13 multi- 
pad test and other tests a t  the WIPP site in an 
attempt to define the distribution of hydraulic prop- 
erties that will reproduce the responses observed. 
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7 .  Summary and 
Conclusions 

A large-scale pumping test of the Culebra Dolo- 
mite Member of the Rustler Formation was performed 
in early 1987 a t  the WIPP site in southeastern New 
Mexico. This test, known as the WIPP-13 (or north- 
ern) multipad test, complemented the H-3 (or south- 
ern) multipad test (Beauheim, 1987a) by creating a 
hydraulic stress that could be measured over the 
northern portion of the WIPP site. The test was 
performed by pumping well WIPP-13 a t  a rate of 
30 gpm for 36 days and monitoring drawdown and 
recovery responses in 17 observation wells and one 
WIPP shaft. Responses were observed in 14 of these 
wells, including WIPP-25, 20 500 f t  from WIPP-13, 
and in the WIPP exhaust shaft. Responses to both the 
WIPP-13 and H-3 multipad tests were observed in 5 
wells: WIPP-19, WIPP-21, WIPP-22, H-1, and H-2b2 
(Beauheim, 1987a). 

Individual well tests a t  various locations around 
the WIPP site have demonstrated that the Culebra is 
a heterogeneous, water-bearing unit. The responses 
measured in observation wells to pumping tests in 
heterogeneous systems cannot be rigorously interpret- 
ed by using the standard analytical (as opposed to 
numerical) techniques developed for tests in homoge- 
neous porous media. Application of analytical tech- 
niques to data from heterogeneous media results in 
quantitative evaluations of average hydraulic proper- 
ties between pumping and observation wells that are 
nonunique in the sense that they are representative 
only of the responses observed when a hydraulic stress 
is imposed a t  a certain location. These "apparent" 
hydraulic properties do, however, provide a qualita- 
tive understanding of the nature and distribution of 
both hydraulic properties and heterogeneities or 
boundaries within the tested area. 

The analytical interpretations of the test respons- 
es presented in this report had four principal 
objectives. 

The first objective was to determine the most 
appropriate conceptualization of the nature of the 
Culebra flow system around WIPP-13. The response 
of the pumping well, WIPP-13, during the test ap- 
pears to be that of a well completed in a bounded, 
double-porosity medium with unrestricted interporo- 
sity flow. In such a system, fractures provide the bulk 
of the permeability, matrix pores provide the majority 
of the storage capacity, and little impediment exists 
to flow between the fractures and pores. Both low- 
transmissivity and high-transmissivity boundaries are 
evident in the WIPP-13 response, reflecting an area of 
lower Culebra transmissivity lying east and south of 

WIPP-13 and an area of higher Culebra transmissivity 
lying to the west. 

The second objective was to quantify the hy- 
draulic properties of the Culebra in the vicinity of 
WIPP-13. The transmissivity of the Culebra a t  
WIPP-13 is 69 ft2/day. The ratio of the fracture stora- 
tivity to the total-system (i.e., fractures + matrix) 
storativity derived from the drawdown data is 0.001. 
This latter value indicates the importance of matrix 
pores as the primary fluid-storage medium. 

The third objective was to determine the nature 
and distribution of heterogeneities within the area of 
Culebra influenced by the test. The wells to the south- 
east and south of WIPP-13 lie in a region where the 
Culebra is largely unfractured and has a lower trans- 
missivity than at WIPP-13. The simulations of the 
responses observed at these wells indicate the pres- 
ence of a recharge boundary, which is probably the 
high-transmissivity region of the Culebra lying west of 
these wells. WIPP-13, H-6 (to the northwest), and 
DOE-2 (to the northeast) lie in a relatively homoge- 
neous region of the Culebra characterized by fractur- 
ing, high transmissivity, and low storativity. 

The simulation of the response observed a t  DOE- 
2 includes both recharge and discharge boundaries, 
while the H-6 simulations include only a recharge 
boundary. The recharge boundaries probably reflect 
the higher transmissivity found toward Nash Draw to 
the west, while the discharge boundary probably rep- 
resents the low-transmissivity region lying to the east 

Farther to the north, WIPP-30 lies in an area of 
low transmissivity where the Culebra is unfractured. 
The WIPP-30 response, however, shows the presence 
of a recharge boundary and indicates that the region 
of high transmissivity and low storativity around 
WIPP-13 and DOE-2 extends close to WIPP-30. To 
the west of WIPP-13, wells P-14 and WIPP-25 lie in a 
region where the Culebra is fractured and has a higher 
transmissivity than at WIPP-13. The P-14 response 
shows the effects of a recharge boundary, probably the 
higher transmissivity found in Nash Draw to the west, 
whereas no hydraulic boundary effects are evident in 
the response observed a t  WIPP-25. 

The fourth objective was to determine the appar- 
ent hydraulic properties of the Culebra between 
WIPP-13 and responding observation wells. The re- 
sults are listed in Table 6-1 and summarized below. 
The apparent transmissivities between WIPP-13 and 
the wells to the southeast and south generally range 
from 16 to 28 ft2/day, while the apparent storativities 
range from 3.6 X to 5.5 X lop5. The appar- 
ent transmissivity between WIPP-13 and WIPP-12 
(7.9 ft2/day) is slightly lower, reflecting the lower local 

of DOE-2. 
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transmissivity at  WIPP-12, while the apparent stora- 
tivities between WIPP-13 and H-1 (1.3 X and 
H-2b2 (7.3 x 

All of these apparent transmissivities are interme- 
diate between the local value determined for WIPP-13 
and those determined for the individual wells from 
single-well tests. Between WIPP-13 and DOE-2 and 
H-6, apparent transmissivities are higher (-57 and 
70 ft2/day, respectively) and apparent storativities are 
lower (-5 x and 8 x respectively). The 
apparent transmissivity between WIPP-13 and 
WIPP-30, 28 ft2/day, is similar to those found to the 
southeast, while the apparent storativity of 5.6 X 
is similar to that between WIPP-13 and DOE-2 and 
H-6. Finally, the apparent transmissivities between 
WIPP-13 and P-14 and WIPP-25 to the west are 
considerably higher (265 and 650 ft2/day, respectively) 
than in any other region affected by the test, while the 
apparent storativities (5.2 x and 6.4 X lop5, 
respectively) are similar to those found to the south- 
east of WIPP-13. 

In summary, the analyses of the observed respons- 
es to the WIPP-13 multipad pumping test provide a 

are slightly higher. 

qualitative conceptualization of three distinct do- 
mains with a heterogeneous portion of the Culebra 
dolomite north of the center of the WIPP site. The 
Culebra is a fractured, high-transmissivity system 
around WIPP-13, H-6, and DOE-2. This system ap- 
pears to extend further to the north toward WIPP-30, 
although WIPP-30 itself lies in an unfractured, lower 
transmissivity zone. 

Toward the center of the WIPP site to the south 
and east, fracturing and the apparent transmissivity 
decrease, and the apparent storativity increases. To 
the west of WIPP-13 toward Nash Draw, apparent 
transmissivity increases, probably as a result of in- 
creased fracturing in that direction. This conceptual- 
ization is being refined by using numerical-modeling 
techniques to simulate the WIPP-13 multipad test 
and other tests a t  the WIPP site in an attempt to 
define the distribution of hydraulic properties that 
will reproduce the responses observed. The full nu- 
merical simulation of Culebra hydrology near the 
center of the WIPP site is guided by, and must be 
consistent with, the interpretations presented here. 
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APPENDIX A 

Water-Level and Fluid-Pressure Data 
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Table A-1. Pressure in Pumping Well WIPP-13 During the WIPP-13 
Multipad Pumping Test 

E 1 apse d 
Time 

Day Hr Min S (hr) 
Pressure 

(r>sin) 
8 8 5 1  0 
9 9 0 0  
10 7 40 0 
1 1 8 0 0  
12 8 59 54 
1 2 9 0 0  
1 2 9 0 6  
12 9 0 12 
12 9 0 18 
12 9 0 24 
12 9 0 30 
12 9 0 36 
12 9 0 42 
12 9 0 48 
12 9 0 54 
1 2 9 1 0  
12 9 1 12 
12 9 1 24 
12 9 1 36 
12 9 1 48 
1 2 9 2 0  
12 9 2 30 
1 2 9 3 0  
12 9 3 30 
1 2 9 4 0  
12 9 4 30 
1 2 9 5 0  
1 2 9 6 0  
1 2 9 9 0  
12 9 12 0 
12 9 15 0 
12 9 18 0 
12 9 21 0 
12 9 24 0 
12 9 27 0 
12 9 30 0 
12 9 36 0 
12 9 42 0 
12 9 48 0 
12 9 54 0 
12 10 0 0 

(continued) 

-96.150000 
-72.000000 
-49.333333 
-25.000000 
-0.001667 
0.000000 
0.001667 
0.003333 
0.005000 
0.006667 
0.008333 
0.010000 
0.011667 
0.013333 
0.015000 
0.016667 
0.020000 
0.023333 
0.026667 
0.030000 
0.033333 
0.041667 
0.050000 
0.058333 
0.066667 
0.075000 
0.083333 
0.100000 
0.150000 
0.200000 
0.250000 
0.300000 
0.350000 
0.400000 
0.450000 
0.500000 
0.600000 
0.700000 
0.800000 
0.900000 
1.000000 

137.58 
137.44 
137.45 
137.49 
137.41 
136.51 pump on 
136.18 
136.02 
135.78 
135.69 
135.58 
135.48 
135.38 
135.32 
135.28 
135.21 
135.17 
135.11 
135.04 
134.98 
134.96 
134.81 
134.76 
134.71 
134.64 
134.62 
134.54 
134.50 
134.32 
134.15 
134.03 
133.94 
133.86 
133.77 
133.78 
133.64 
133.53 
133.41 
133.32 
133.25 
133.12 
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Table A-1. (continued) 

Elapsed 
Time Pressure 

Day Hr Min S (hr) (psig) 
12 10 30 0 
12 11 0 0 
12 11 30 0 
12 12 0 0 
12 12 30 0 
12 13 0 0 
12 13 30 0 
12 14 0 0 
12 14 30 0 
12 15 0 0 
12 15 30 0 
12 16 0 0 
12 16 30 0 
12 17 0 0 
12 17 30 0 
12 18 0 0 
12 18 30 0 
12 19 0 0 
12 20 0 0 
12 21 0 0 
12 22 0 0 
12 23 0 0 
1 3 0 0 0  
1 3 1 0 0  
1 3 2 0 0  
1 3 3 0 0  
1 3 4 0 0  
1 3 5 0 0  
1 3 7 0 0  
1 3 9 0 0  
13 11 0 0 
13 13 0 0 
13 15 0 0 
13 17 0 0 
13 19 0 0 
13 21 0 0 
13 23 0 0 
1 4 1 0 0  
1 4 5 0 0  
14 10 0 0 
14 15 0 0 

(continued) 

1.500000 
2.000000 
2.500000 
3.000000 
3.500000 
4.000000 
4,500000 
5.000000 

6.000000 
6.500000 
7.000000 
7.500000 
8.000000 
8 500000 
9.000000 
9.500000 
10.000000 
11.000000 
12.000000 
13.000000 
14.000000 
15.000000 
16.000000 
17.000000 
18.000000 
19.000000 
20.000000 
22.000000 
24.000000 
26.000000 
28,000000 
30.000000 
32.000000 
34.000000 
36.000000 
38.000000 
40.000000 
44.000000 
49.000000 
54.000000 

5*500000 

132.81 
132.50 
132.23 
132.03 
131.86 
131.65 
131.52 
131.42 
131.28 
131.13 
131.00 
130.89 
130.80 
130.73 
130.60 
130.50 
130.39 
130.28 
130.09 
129.97 
129.82 
129.66 
129.48 
129.40 
129.28 
129.18 
129.12 
128.95 
128.73 
128.55 
128.24 
128.05 
127.92 
127.76 
127.65 
127.49 
127.35 
127.16 
127.15 
126.86 
126.13 
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Table A-1. (continued) 

Elapsed 
Time 

Day Hr Min S (hr) 
14 21 0 0 
1 5 1 0 0  
1 5 5 0 0  
1 5 9 0 0  
15 13 0 0 
15 17 0 0 
15 21 0 0 
1 6 1 0 0  
1 6 5 0 0  
1 6 9 0 0  
16 13 0 0 
16 23 0 0 
1 7 9 0 0  
17 19 0 0 
1 8 5 0 0  
18 15 0 0 
1 9 1 0 0  
19 11 0 0 
19 21 0 0 
2 0 7 0 0  
20 17 0 0 
2 1 3 0 0  
21 13 0 0 
21 23 0 0 
2 2 9 0 0  
22 19 0 0 
2 3 5 0 0  
23 15 0 0 
2 4 1 0 0  
24 11 0 0 
24 21 0 0 
25 17 0 0 
26 13 0 0 
2 7 9 0 0  
2 8 5 0 0  
2 9 1 0 0  
29 21 0 0 
30 17 0 0 
31 13 0 0 
3 2 9 0 0  
3 3 5 0 0  

60.000000 
64.000000 
68.000000 
72.000000 
76.000000 
80.000000 
84.000000 
88.000000 
92.000000 
96.000000 
100.000000 
110.000000 
120.000000 
130.000000 
140.000000 
150.000000 
160.000000 
170.000000 
180.000000 
190.000000 
200.000000 
210.000000 
220.000000 
230.000000 
240.000000 
250.000000 
260.000000 
270.000000 
280.000000 
290.000000 
300.000000 
320.000000 
340.000000 
360.000000 
380.000000 
400.000000 
420.000000 
440.000000 
460.000000 
480.000000 
500.000000 

Pressure 
(psig) 

125.77 
125.45 
125.30 
125.04 
124.89 
124.77 
124.58 
124.36 
124.21 
124.05 
123.84 
123.47 
123.12 
122.77 
122.36 
122.06 
121.73 
121.39 
121.25 
120.82 
120.54 
120.31 
120.17 
119.86 
119.57 
119.40 
119.32 
119.04 
118.91 
118.73 
118.55 
118.06 
117.61 
117.31 
117.12 
116.91 
116.70 
116.37 
116.11 
116.04 
115.74 
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Table A-1. (continued) 

Elapsed 
Time Pressure 

Day Hr Min S (hr) (psig) 
3 4 1 0 0  
34 21 0 0 
35 17 0 0 
36 13 0 0 
3 7 9 0 0  
3 8 5 0 0  
3 9 1 0 0  
39 21 0 0 
40 17 0 0 
41 13 0 0 
4 2 9 0 0  
4 3 5 0 0  
4 4 1 0 0  
44 21 0 0 
45 17 0 0 
46 13 0 0 
4 7 9 0 0  
4 8 5 0 0  
4 8 9 0 0  
4 8 9 0 6  
48 9 0 12 
48 9 0 18 
48 9 0 24 
48 9 0 30 
48 9 0 36 
48 9 0 42 
48 9 0 48 
48 9 0 54 
4 8 9 1 0  
4 8 9 1 6  
48 9 1 12 
48 9 1 24 
48 9 1 36 
48 9 1 48 
4 8 9 2 0  
48 9 2 12 
48 9 2 24 
48 9 2 36 
48 9 2 48 
48 9 36 6 
48 9 3 30 

520.000000 
540.000000 
560.000000 
580.000000 
600.000000 
620.000000 
640.000000 
660.000000 
680.000000 
700.000000 
720.000000 
740.000000 
760.000000 
780.000000 
800.000000 
820.000000 
840.000000 
860.000000 
864.000000 
864.001667 
864.003333 
864.005000 
864.006667 
864.008333 
864.010000 
864.011667 
864.013333 
864.015000 
864.016667 
864.018333 
864.020000 
864.023333 
864.026667 
864.030000 
864.033333 
864.036667 
864.040000 
864.043333 
864.046667 
864.601667 
864.058333 

115.50 
115.40 
115.11 
114.80 
114.73 
114.53 
114.38 
114.12 
114.04 
113.87 
113.76 
113.68 
114.17 
113 e 65 
113.60 
113.37 
113.40 
113.14 
114.68 pump off 
113.48 
113.75 
113.95 
114.11 
114.25 
114.41 
114.51 
114.60 
114.67 
114.76 
114.83 
114.91 
115.00 
115.09 
115.19 
115.24 
115.30 
115.34 
115.39 
115.43 
115.47 
115.56 
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Table A- 1. (continued) 

E 1 apse d 
Time Pressure 

Day Hr Min S (hr) (PSid 
4 8 9 4 0  
48 9 4 30 
4 8 9 5 0  
4 8 9 6 0  
4 8 9 9 0  
48 9 12 0 
48 9 15 0 
48 9 18 0 
48 9 21 0 
48 9 24 0 
48 9 27 0 
48 9 30 0 
48 9 36 0 
48 9 42 0 
48 9 48 0 
48 9 54 0 
48 10 0 0 
48 10 30 0 
48 11 0 0 
48 11 30 0 
48 12 0 0 
48 12 30 0 
48 13 0 0 
48 13 30 0 
48 14 0 0 
48 14 30 0 
48 15 0 0 
48 15 30 0 
48 16 0 0 
48 16 30 0 
48 17 0 0 
48 17 30 0 
48 18 0 0 
48 18 30 0 
48 19 0 0 
48 20 0 0 
48 21 0 0 
48 22 0 0 
48 23 0 0 
4 9 0 0 0  
4 9 1 0 0  

864.066667 
864.075000 
864.083333 
864.100000 
864.150000 
864.200000 
864.250000 
864.300000 
864.350000 
864.400000 
864.450000 
864.500000 
864.600000 
864.700000 
864.800000 
864.900000 
865.000000 
865.500000 
866.000000 
866.500000 
867.000000 
867.500000 
868.000000 
868.500000 
869.000000 
869.500000 
870.000000 
870.500000 
871.000000 
871.500000 
872.000000 
872.500000 
873.000000 
873.500000 
874.000000 
875.000000 
876.000000 
877.000000 
878.000000 
879.000000 
880.000000 

115.64 
115.66 
115.70 
115.80 
115.99 
116.13 
116.25 
116.34 
116.43 
116.50 
116.57 
116.66 
116.76 
116.87 
116.96 
117.05 
117.16 
117.49 
117.76 
118.01 
118.20 
118.39 
118.56 
118.73 
118.91 
119.05 
119.17 
119.28 
119.43 
119.54 
119.64 
119.75 
119.86 
119.96 
120.08 
120.25 
120.40 
120.57 
120.68 
120.80 
120.93 
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Table A-1. (continued) 

Day Hr Min S 
4 9 2 0 0  
4 9 3 0 0  
4 9 4 0 0  
4 9 5 0 0  
4 9 9 0 0  
49 13 0 0 
49 17 0 0 
49 21 0 0 
49 23 0 0 
5 0 1 0 0  
5 0 3 0 0  
5 0 5 0 0  
5 0 7 0 0  
5 0 9 0 0  
50 11 0 0 
50 21 0 0 
5 1 7 0 0  
51 17 0 0 
5 2 3 0 0  
52 13 0 0 
52 23 0 0 
5 3 9 0 0  
5 4 5 0 0  
5 5 1 0 0  
55 21 0 0 
56 17 0 0 
57 17 20 6 
5 8 9 0 3  
5 9 5 0 0  
6 0 1 0 0  
60 21 0 0 
61 17 0 0 
62 13 0 0 
6 3 9 0 0  
6 4 5 0 0  
6 5 1 0 0  
6 7 3 0 0  
6 9 5 0 0  
7 1 7 0 0  
7 3 9 0 0  
75 11 0 0 

Elapsed 
Time 

881.000000 
882.000000 
883.000000 
884.000000 
888.000000 
892.000000 
896.000000 
900.000000 
902.000000 
904.000000 
906.000000 
908.000000 
910.000000 
912.000000 
914.000000 
924.000000 
934.000000 
944.000000 
954.000000 
964.000000 
974.000000 
984.000000 
1004.000000 
1024.000000 
1044.000000 
1064.000000 
1088.335000 
1104.000833 
1124.000000 
1144.000000 
1164.000000 
1184.000000 
1204.000000 
1224.000000 
1244.000000 
1264.000000 
1314 . 000000 
1364.000000 
1414.000000 
1464.000000 
1514.000000 

Pressure 
(PSk) 

121.06 
121.18 
121.31 
121.42 
121.91 
122.23 
122.61 
122.90 
123.03 
123.18 
123.31 
123.46 
123.60 
123.71 
123.82 
124.37 
124.86 
125.27 
125.76 
126.11 
126.54 
126.94 
127.53 
128.13 
128.57 
129.14 
129.47 
129.88 
130.25 
130.49 
130.84 
131.08 
131.19 
131.45 
131.74 
132.05 
132.61 
133.04 
133.38 
133.75 
134.13 
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Table A-1. (concluded) 

Day Hr Min S 

77 13 0 0 
79 15 0 0 
81 17 0 0 
83 19 0 0 
85 21 0 0 
87 23 0 0 
9 0 1 0 0  
9 2 3 0 0  
9 4 5 0 0  
9 6 7 0 0  
9 8 9 0 0  
100 11 0 0 
102 13 0 0 
104 15 0 0 
106 17 0 0 
108 19 0 0 
110 21 0 0 
112 23 0 0 
115 1 0 0 
117 3 0 0 
119 5 0 0 

Elapsed 
Time 
(hr) 

1564.000000 
1614.000000 
1664.000000 
1714.000000 
1764.000000 
1814.000000 
1864.000000 
1914.000000 
1964.000000 
2014.000000 
2064.000000 
2114.000000 
2164.000000 
2214.000000 
2264.000000 
2314.000000 
2364.000000 
2414.000000 
2464.000000 
2514.000000 
2564.000000 

Pressure 
(PSid 

134.25 
134.51 
134.94 
135.10 
135.13 
135.44 
135.45 
135.62 
135.81 
135.83 
135.84 
135.88 
136.11 
136.05 
136.12 
136.46 
136.26 
136.34 
136.53 
136.50 
136.57 
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Table A-2. Water Levels and Pressures in Observation Well WIPP-12 During the 
WIPP-13 Multipad Pumping Test 

Elapsed Depth Modified+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

336 10 28 
343 11 14 
349 11 30 
357 8 53 
363 14 4 
365 10 39 
2 12 20 
5 12 50 
7 11 57 
9 15 10 
10 11 50 
11 13 15 
12 6 50 
12 16 20 
13 1 7 
13 12 23 
14 1 6 
14 13 3 
14 22 52 
15 10 35 
15 22 50 
16 10 42 
16 23 14 
17 10 42 
17 22 10 
18 11 6 
18 22 48 
19 11 4 
19 22 44 
20 10 33 
20 22 44 
21 11 12 
21 22 40 
22 10 10 
22 22 36 
23 11 10 
23 22 38 
24 11 8 
24 22 40 
25 10 10 
25 22 40 

-982.533 
-813.767 
-669.500 
-480.117 
-330.933 
-286.350 
-236.667 
-164.167 
-117.050 
-65.833 
-45.167 
-19 . 750 
-2 167 
7.333 
16.117 
27.383 
40.100 
52.050 
61.867 
73.583 
85.833 
97.700 
110.233 
121.700 
133.167 
146.100 
157.800 
170.067 
181.733 
193.550 
205.733 
218.200 
229 . 667 
241.167 
253.600 
266.167 
277.633 
290.133 
301.667 
313.167 
325.667 

411.71 
411.58 
411.55 
411.42 
411.29 
411.25 
411.19 
411.15 
411.12 
411.09 
411.09 
411.12 
411.12 
411.12 
411.12 
411.12 
411.09 
411.06 
411.06 
411.09 
411.12 
411.15 
411.25 
411.35 
411.48 
411.68 
411.84 
412.07 
412.30 
412.57 
412.89 
413.22 
413.55 
413.85 
414.27 
414.70 
415.06 
415.45 
415.85 
416.24 
416.73 

38.23 
38.29 
38.30 
38.35 
38.41 
38.43 
38.45 
38.47 
38.48 
38.50 
38.50 
38.48 
38.48 
38.48 
38.48 
38.48 
38.50 
38.51 
38.51 
38.50 
38.48 
38.47 
38.43 
38.38 
38.33 
38.24 
38.17 
38.07 
37.97 
37.86 
37.72 
37.58 
37.43 
37.30 
37.12 
36.94 
36.78 
36.61 
36.44 
36.27 
36.06 

38.51 
38.52 
38.49 
38.50 
38.51 
38.52 
38.53 
38.53 
38.53 
38.53 
38.52 
38.50 
38.50 
38.50 
38.49 
38.49 
38.50 
38.51 
38.51 
38.49 
38.48 
38.46 
38.41 
38.37 
38.31 
38.22 
38.15 
38.04 
37.94 
37.82 
37.68 
37.53 
37.38 
37.25 
37.07 
36.88 
36.72 
36.55 
36.37 
36.20 
35.98 

*Pressure = (500 f t  - Depth to Water) X 0.433 psi/ft 
+ Modified Pressure = (500 ft - {Depth to Water + [0.148 ft/240 hrs X (Elapsed Time - 52 hrs)]}) 
x 0.433 psi/ft 
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Table A-2. (continued) 

Elapsed 
Time 

Dav Hr Min (hr) 

Depth 
to Water 

(ft) 

26 10 43 
26 22 37 
27 10 40 
27 22 37 
28 11 7 
28 22 37 
29 10 10 
29 22 37 
30 10 16 
30 22 40 
31 10 35 
31 22 40 
32 11 11 
32 22 35 
33 11 35 
33 22 37 
34 11 33 
34 22 37 
35 10 53 
35 22 37 
36 14 50 
36 22 37 
37 11 1 
37 22 38 
38 10 54 
38 22 38 
39 11 0 
39 22 37 
40 12 18 
40 22 37 
41 10 50 
41 22 37 
42 11 35 
42 22 37 
43 10 10 
43 22 49 
44 10 28 
44 22 37 
45 10 37 
45 22 40 
46 10 45 
(continued) 

337 . 717 
349 . 617 
361.667 
373.617 
386.117 
397.617 
409 167 
421.617 
433.267 
445.667 
457.583 
469.667 
482.183 
493.583 
506.583 
517 617 
530.550 
541.617 
553.883 
565.617 
581.833 
589.617 
602 . 017 
613.633 
625.900 
637.633 
650.000 
661.617 
675.300 
685.617 
697.833 
709.617 
722.583 
733.617 
745.167 
757.817 
769.467 
781.617 
793.617 
805.667 
817.750 

417.16 
417.65 
418.14 
418.57 
419.03 
419.46 

420.37 
420.83 
421.33 
421.75 
422.18 
422.67 
423.10 
423.56 
423.98 
424.41 
424.87 
425.30 
425.72 
426.31 
426.64 
427.07 
427.49 
427.99 
428.38 
428.81 
429.17 
429.63 
429.95 
430.31 
430.68 
431.07 
431.40 
431.73 
432.09 
432.41 
432.74 
433.04 
433.33 
433.66 

419.88 

Pressure 
(psi) 

35.87 
35.66 
35.45 
35.26 
35.06 
34.87 
34.69 
34.48 
34.28 
34.06 
33.88 
33.70 
33.48 
33.30 
33.10 
32.92 
32.73 
32.53 
32.34 
32.16 
31.91 
31.77 
31.58 
31.40 
31.18 
31.01 
30.82 
30.67 
30.47 
30.33 
30.18 
30.02 
29.85 
29.70 
29.56 
29.41 
29.27 
29.12 
28.99 
28.87 
28.73 

Modified 
Pressure 

(psi) 

35.79 
35.58 
35.36 
35.17 
34.97 
34.78 
34.60 
34.38 
34.18 
33.96 
33.77 
33.59 
33.37 
33.18 
32.98 
32.79 
32.60 
32.40 
32.21 
32.03 
31.77 
31.62 
31.43 
31.25 
31.03 
30.86 
30.67 
30.51 
30.30 
30.16 
30.00 
29.84 
29.67 
29.52 
29.38 
29.22 
29.07 
28.93 
28.80 
28.67 
28.52 
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Table A-2. (continued) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 
46 22 41 
47 8 50 
47 22 46 
48 6 50 
48 10 35 
48 14 28 
48 20 25 
49 2 30 
49 8 44 
49 14 23 
49 20 12 
50 2 5 
50 8 10 
50 15 5 
50 22 15 
51 7 10 
51 14 34 
51 22 15 
52 9 0 
52 14 38 
52 22 40 
53 9 0 
53 14 35 
53 22 15 
54 8 32 
54 14 17 
54 22 30 
55 9 5 
55 14 12 
55 22 35 
56 9 25 
56 14 45 
56 22 31 
57 9 16 
57 14 45 
57 22 25 
58 8 11 
58 20 35 
59 9 10 
59 20 35 
60 8 48 

(continued) 

829 . 683 
839.833 
853 . 767 
861.833 
865.583 
869.467 
875.417 
881.500 
887.733 
893 . 383 
899.200 
905.083 
911.167 
918.083 
925.250 
934.167 
941.567 
949.250 
960.000 
965.633 
973 . 667 
984 . 000 
989.583 
997.250 
1007.533 
1013 . 283 
1021.500 
1032.083 
1037 . 200 
1045.583 
1056.417 
1061.750 
1069.517 
1080.267 
1085.750 
1093 . 417 
1103.183 
1115.583 
1128.167 
1139.583 
1151.800 

433.99 
434.25 
434.61 
434.81 
434.94 
435.04 
435.20 
435.33 
435.50 
435.63 
435.79 
435.93 
436.09 
436.22 
436.38 
436.94 
436.78 
436.94 
437.14 
437 24 
437.37 
437.50 
437.57 
437.66 
437.73 
437.76 
437.80 
437.83 
437.83 
437.83 
437.83 
437.80 
437.76 
437.66 
437.63 
437.57 
437.43 
437.30 
437.14 
437.01 
436.81 

28.58 
28.47 
28.31 
28.23 
28.17 
28.13 
28.06 
28.00 
27.93 
27.87 
27.80 
27.74 
27.67 
27.62 
27.55 
27.30 
27.37 
27.30 
27.22 
27.18 
27.12 
27.06 
27.03 
26.99 
26.96 
26.95 
26.93 
26.92 
26.92 
26.92 
26.92 
26.93 
26.95 
26.99 
27.01 
27.03 
27.09 
27.15 
27.22 
27.27 
27.36 

28.38 
28.26 
28.10 
28.01 
27.95 
27.91 
27.84 
27.78 
27.70 
27.65 
27.58 
27.52 
27.44 
27.39 
27.31 
27.07 
27.14 
27.07 
26.98 
26.93 
26.87 
26.81 
26.78 
26.74 
26.71 
26.69 
26.67 
26,, 66 
26.66 
26.65 
26.65 
26.66 
26.68 
26.72 
26.73 
26.75 
26.81 
26.86 
26.93 
26.98 
27.07 
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Table A-2. (continued) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 
60 21 57 
61 10 31 
61 20 45 
62 8 35 
62 21 40 
63 9 56 
63 21 40 
64 10 5 
64 22 30 
65 13 23 
65 21 45 
66 8 40 
66 21 45 
67 8 40 
67 21 45 
68 10 23 
69 8 20 
70 10 13 
71 11 52 
72 11 44 
73 10 10 
74 10 10 
75 10 10 
76 10 30 
77 10 10 
78 12 29 
79 14 13 
82 10 5 
84 10 35 
86 11 5 
89 11 10 
91 10 15 
93 9 25 
96 12 50 
98 10 10 
100 11 27 
103 10 40 
105 13 45 
108 10 20 
110 10 15 
113 9 20 
(continued) 

1164.950 
1177.517 
1187.750 
1199.583 
1212.667 
1224.933 
1236.667 
1249.083 
1261.500 
1276.383 
1284.750 
1295.667 
1308.750 
1319.667 
1332.750 
1345.383 
1367.333 
1393.217 
1418.867 
1442.733 
1465.167 
1489.167 
1513.167 
1537.500 
1561.167 
1587.483 
1613.217 
1681.083 
1729.583 
1778.083 
1850.167 
1897.250 
1944.417 
2019.833 
2065.167 
2114.450 
2185.667 
2236.750 
2305.333 
2353.250 
2424.333 

436.61 
436.38 
436.19 
435.99 
435.73 
435.50 
435.30 
435.04 
434.71 
434.35 
434.19 
433.89 
433.56 
433.27 
432.91 
432.58 
432.05 
431.46 
430.81 
430.28 
429.72 
429.10 
428.51 
427.95 
427.43 
426.90 
426.38 
425.07 
424.28 
423.59 
422.67 
422.08 
421.52 
420.67 
420.21 
419.69 
418.93 
418.57 
417.98 
417.62 
417.26 

27.45 
27.55 
27.63 
27.72 
27.83 
27.93 
28.02 
28.13 
28.27 
28.43 
28.50 
28.63 
28.77 
28.89 
29.05 
29.19 
29.42 
29.68 
29.96 
30.19 
30.43 
30.70 
30.95 
31.20 
31.42 
31.65 
31.88 
32.45 
32.79 
33.09 
33.48 
33.74 
33.98 
34.35 
34.55 
34.77 
35.10 
35.26 
35.52 
35.67 
35.83 

27.15 
27.25 
27.33 
27.41 
27.52 
27.61 
27.70 
27.81 
27.95 
28.10 
28.17 
28.29 
28.43 
28.56 
28.71 
28.85 
29.07 
29.32 
29.59 
29.82 
30.05 
30.32 
30.57 
30.80 
31.02 
31.24 
31.46 
32.01 
32.34 
32.62 
33.00 
33.25 
33.48 
33.82 
34.01 
34.22 
34.53 
34.68 
34.91 
35.06 
35.19 
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Table A-2. (concluded) 

Elapsed 
Time 

Day Hr Min 

Depth 
to Water 

114 14 29 2453.483 
118 11 5 2546.083 
120 9 35 2592.583 
126 9 40 2736.667 
135 13 35 2956.583 

417.13 
416.63 
416.34 
415.62 
414.76 

Modified 
Pressure Pressure 

(psi) (psi) 
35.88 35.24 
36.10 35.43 
36.23 35.55 
36.54 35.82 
36.91 36.13 



Table A-3. Water Levels and Pressures in Observation Well WIPP-18 During the 
WIPP-13 Multipad Pumping Test 

Dav Hr Min 

E 1 apse d Depth Modified+ 
Time to Water Pressure* Pressure 
(hr) (ft) (psi) (psi) 

336 10 34 
343 11 25 
349 11 34 
357 8 57 
363 14 7 
365 10 42 

2 12 35 
6 10 30 
7 11 58 
9 15 13 
10 11 46 
11 13 18 
12 6 46 
12 16 17 
13 1 4 
13 12 20 
14 1 3 
14 13 0 
14 22 49 
15 10 38 
15 22 47 
16 10 46 
16 23 18 
17 10 48 
17 20 14 
18 11 2 
18 22 53 
19 11 0 
19 22 48 
20 10 36 
20 22 48 
21 11 9 
21 22 44 
22 10 15 
22 22 40 
23 11 13 
23 22 48 
24 11 11 
24 22 50 
25 10 15 
25 22 44 

*Pressure = (500 f t  - 
+ Modified Pressure 
X 0.479 psilft 

-982.433 444 88 26.40 26.65 
-813.583 444 72 26.48 26.69 
-669.433 444.69 26.49 26.67 
-480.050 444 . 52 26.57 26.70 
-330.883 444 . 39 26.64 26.73 
-286.300 444.26 26.70 26.78 
-236 417 444.32 26.67 26.74 
-142.500 444.32 26.67 26.72 
-117.033 444.36 26.65 26.69 
-65.783 444 . 32 26.67 26.70 
-45.233 444 . 39 26.64 26.66 
-19.700 444 46 26.60 26.62 
-2.233 444 46 26.60 26.62 
7.283 444 . 39 26.64 26.65 
16.067 444.39 26.64 26.65 
27.333 444.32 26.67 26.68 

26.70 40.050 444 26 26.70 
52.000 444 23 26.71 26.72 
61.817 444 19 26.73 26.73 
73.633 444.42 26.62 26.62 
85.783 444.55 26.56 26.55 
97.767 444 . 69 26.49 26.48 
110.300 444 . 91 26.39 26.38 

26.29 121.800 445.08 26.31 
131.233 445.37 26.17 26.15 
146.033 445 73 26.00 25.98 
157.883 445.96 25.89 25.86 
170.000 446.29 25.73 25.70 
181.800 446.59 25.58 25.55 

25.38 193.600 446.95 25.41 
205.800 447.31 25.24 25.20 

25.06 218.150 447.60 25.10 

241.250 448.33 24.75 24.71 
253.667 448.62 24.61 24.57 
266.217 448.88 24.49 24.44 
277.800 449.11 24.38 24.32 
290.183 449.41 24.23 24.18 
301.833 449.84 24.03 23.97 
313.250 450.16 23.87 23.81 

450.56 23.68 23.62 

229.733 447.97 24.92 24 .,a8 

325.733 

- Depth to Water) X 0.479 psi/ft 
= (500 ft - {Depth to Water + 10.119 ftl240 hrs X (Elapsed Time - 62 hrs)]}) 

(continued) 
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Table A-3. (continued) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 
26 10 46 
26 22 39 
27 10 43 
27 22 40 
28 11 10 
28 22 40 
29 10 57 
29 22 40 
30 10 20 
30 22 44 
31 10 39 
31 22 44 
32 11 6 
32 22 38 
33 11 31 
33 22 40 
34 11 36 
34 22 40 
35 10 50 
35 22 40 
36 14 55 
36 22 40 
37 11 5 
37 22 42 
38 10 57 
38 22 42 
39 11 3 
39 22 40 
40 12 21 
40 22 40 
41 10 55 
41 22 40 
42 11 40 
42 22 40 
43 10 13 
43 22 52 
44 10 32 
44 22 40 
45 10 40 
45 22 45 
46 10 48 

(continued) 

337.767 
349.650 
361.717 
373.667 
386.167 
397.667 
409.950 
421.667 
433.333 
445.733 
457.650 
469.733 
482.100 
493.633 
506.517 
517.667 
530.600 
541.667 
553.833 
565.667 
581.917 
589.667 
602.083 
613.700 
625.950 
637.700 
650.050 
661.667 
675.350 
685.667 
697.917 
709.667 
722.667 
733.667 
745.217 
757.867 
769.533 
781.667 
793.667 
805.750 
817 800 

450.92 
451.25 
451.54 
451.80 
452.07 
452.30 
452.66 
452.95 
453.31 
453.61 
453.81 
454.04 
454.30 
454.63 
454.92 
455.15 
455.48 
455.71 
455.97 
456.27 
456.73 
456.99 
457.28 
457.58 
457.84 
458.07 
458.27 
458.46 
458.76 

459.09 
459.28 
459.51 
459.71 
459.94 
460.17 
460.37 
460.53 
460.63 
460.76 
461.02 

458.89 

23.51 
23.35 
23.21 
23.09 
22.96 
22.85 
22.68 
22.54 
22.36 
22.22 
22.12 
22.02 
21.89 
21.73 
21.59 
21.48 
21.32 
21.21 
21.09 
20.95 
20.73 
20.60 
20.46 
20.32 
20.20 
20.08 
19.99 
19.90 
19.75 
19.69 
19.60 
19.50 
19.39 
19.30 
19.19 
19.08 
18.98 
18.91 
18 86 
18.80 
18.67 

23.44 
23.28 
23.14 
23.01 
22.88 
22.77 
22.59 
22.45 
22.28 
22.13 
22.03 
21.92 
21.79 
21.63 
21.49 
21.38 
21.21 
21.10 
20.97 
20.83 
20.60 
20.48 
20.34 
20.19 
20.06 
19.95 
19.85 
19.75 
19.61 
19.54 
19.45 
13.35 
19.24 
19.14 
19.03 
18.91 
18.82 
18.73 
18.68 
18.62 
18.49 
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Table A-3. (continued) 

Day Hr Min 

46 22 45 
47 8 53 
47 22 50 
48 6 55 
48 10 33 
48 14 25 
48 20 30 
49 2 33 
49 8 42 
49 14 20 
49 20 10 
50 2 3 
50 8 15 
50 15 10 
50 22 20 
51 7 14 
51 14 37 
51 22 20 
52 9 3 
52 14 41 
52 22 44 
53 9 3 
53 14 38 
53 22 20 
54 8 35 
54 14 21 
54 22 37 
55 9 7 
55 14 15 
55 22 37 
56 9 30 
56 14 48 
56 22 35 
58 8 14 
57 9 18 
57 14 50 
57 22 30 
58 20 40 
59 9 12 
59 20 40 
60 8 52 

Elapsed 
Time 
(hr) 

829.750 
839.883 
853.833 
861.917 
865.550 
869.417 
875.500 
881.550 
887.700 
893.333 
899.167 
905.050 
911.250 
918.167 
925.333 
934.233 
941.617 
949.333 
960.050 
965.683 
973.733 
984.050 
989.633 
997.333 
1007.583 
1013.350 
1021.617 
1032.117 
1037.250 
1045.617 
1056.500 
1061.800 
1069.583 
1103.233 
1080.300 
1085.833 
1093.500 
1115.667 
1128.200 
1139.667 
1151.867 

Depth 
to Water 

(ft) 
461.25 
461.45 
461.71 
461.91 
462.01 
462.11 
462.20 
462.30 
462.40 
462.47 
462.53 
462.60 
462.66 
462.76 
462.86 
462.99 
463.06 
463.16 
463.12 
463.09 
463.12 
463.06 
463.02 
462.99 
462.83 
462.70 
462.60 
462.50 
462.43 
462.37 
462.20 
462.14 
462.04 
461.55 
461.88 
461.78 
461.68 
461.35 
461.22 
461.09 
460.96 

Pressure 
(psi) 

18.56 
18.46 
18.34 
18.25 
18.20 
18.15 
18.11 
18.06 
18.01 
17.98 
17.95 
17.91 
17.89 
17.84 
17.79 
17.73 
17.69 
17.65 
17.67 
17.68 
17.67 
17.69 
17.71 
17.73 
17.80 
17.87 
17.91 
17.96 
18.00 
18.02 
18.11 
18.14 
18.18 
18.42 
18.26 
18.31 
18.36 
18.51 
18.58 
18.64 
18.70 

Modified 
Pressure 

(psi) 

18.38 
18.28 
18.15 
18.05 
18.01 
17.96 
17.91 
17.86 
17.81 
17.78 
17.75 
17.71 
17.68 
17.64 
17.59 
17.52 
17.48 
17.44 
17.45 
17.46 
17.45 
17.48 
17.49 
17.51 
17.58 
17.64 
17.69 
17.73 
17.76 
17.79 
17.87 
17.90 
17.94 
18.17 
18.02 
18.06 
18.11 
18.26 
18.32 
18.38 
18.44 

(continued) 
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Table A-3. (continued) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 
60 22 0 
61 10 35 
61 20 50 
62 8 38 
62 21 45 
63 9 59 
64 10 8 
64 21 35 
65 13 25 
65 21 50 
66 8 43 
66 21 50 
67 8 43 
67 21 50 
68 10 26 
69 8 25 
70 10 16 
71 11 55 
72 11 47 
73 10 13 
74 10 15 
75 10 15 
76 10 35 
77 10 15 
78 12 31 
79 14 10 
82 10 10 
84 10 40 
86 11 7 
89 11 15 
91 10 20 
93 9 30 
96 12 55 
98 10 15 
100 11 30 
103 10 45 
105 13 50 
108 10 23 
110 10 20 
113 9 23 
114 14 32 
(continued) 

1165.000 
1177 . 583 
1187.833 
1199.633 
1212.750 
1224.983 
1249.133 
1260.583 
1276.417 
1284.833 
1295.717 
1308.833 
1319.717 
1332.833 
1345.433 
1367.417 
1393.267 
1418.917 
1442.783 
1465.217 
1489.250 
1513.250 
1537.583 
1561.250 
1587.517 
1613.167 
1681.167 
1729.667 
1778.117 
1850.250 
1897.333 
1944.500 
2019.917 
2065.250 
2114.500 
2185.750 
2236.833 
2305.383 
2353.333 
2424.383 
2453.533 

460.79 
460.60 
460.47 
460.33 
460.24 
460.14 
459.97 
459.55 
459.25 
459.12 
458.92 
458.60 
458.53 
458.33 
458.17 
458.01 
457.74 
457.41 
457.12 
456.66 
456.30 
455.94 
455.64 
455.45 
455.22 
454.95 
454.20 
453.87 
453.44 
453.12 
452.56 
452.33 
451.77 
451.48 
451.02 
450.52 
450.36 
449.80 
449.67 
449.44 
449.31 

18.78 
18.87 
18.93 
19.00 
19.05 
19.09 
19.17 
19.38 
19.52 
19.58 
19.68 
19.83 
19.86 
19.96 
20.04 
20.11 
20.24 
20.40 
20.54 
20.76 
20.93 
21.11 
21.25 
21.34 
21.45 
21.58 
21.94 
22.10 
22.30 
22.46 
22.72 
22.83 
23.10 
23.24 
23.46 
23.70 
23.78 
24.05 
24.11 
24.22 
24.28 

18.52 
18.61 
18.67 
18.73 
18.77 
18.82 

19.09 
19.23 
19.29 
19.38 
19.53 
19.57 
19.66 
19.73 
19.80 
19.93 
20.08 
20.21 
20.43 
20.59 
20.76 
20.90 
20.98 
21.09 
21.21 
21.55 
21.70 
21.89 
22.03 
22.29 
22.39 
22.64 
22.77 
22.97 
23.20 
23.26 
23.51 
23.56 
23.66 
23.71 

la. 89 
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Table A-3. (concluded) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

1 1 8  11 10 2546.167 448.95  2 4 . 4 5  23 .86  
1 2 0  9 4 0  2592.667 448.59 24 .62  24.02 
1 2 6  9 4 5  2736.750 448.16  24 .83  24 .20  
1 3 5  1 3  4 0  2956.667 447.38  2 5 . 2 0  24.52 

Day Hr Min (hr) Ut) (psi) (psi) 
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Table A-4. Water Levels and Pressures in Observation Well WIPP-19 During the 
WIPP-13 Multipad Pumping Test 

Elapsed Depth Modified+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

336 10 38 
343 11 30 
349 11 40 
357 13 25 
363 14 20 
365 10 50 

5 11 28 
8 9 50 
9 15 20 
13 13 30 
14 14 0 
16 14 49 
19 17 25 
21 13 25 
23 15 15 
26 15 0 
28 10 0 
30 16 12 
33 13 28 
35 8 25 
37 14 22 
40 12 28 
42 15 18 
44 14 46 
47 9 30 
48 12 0 
48 14 40 
48 20 37 
49 2 15 
49 10 10 
49 15 43 
49 20 18 
50 2 12 
50 8 20 
50 15 15 
50 22 30 
51 10 32 
51 14 44 
51 22 30 
52 9 10 
52 14 48 

-982.367 
-813 . 500 
-669 . 333 
-475.583 
-330.667 
-286.167 
-165.533 
-95.167 
-65.667 
28 . 500 
53.000 

101.817 
176.417 
220.417 
270.250 
342.000 
385.000 
439.200 
508.467 
551.417 
605.367 
675 . 467 
726.300 
773 -767 
840 . 500 
867.000 
869.667 
875.617 
881.250 
889 . 167 
894.717 
899.300 
905.200 
911.333 
918 . 250 
925.500 
937 . 533 
941.733 
949.500 
960.167 
965.800 

443.08 
443.11 
442.98 
442.68 
442.75 
442.59 
442.39 
442.39 
442.26 
442.16 
441.99 
442 . 45 
443.11 
443 . 64 
444.52 
445.67 
446.52 
447.64 
448.59 
449.41 
450.59 
451.77 
452.20 
453.02 
454.07 
454.40 
454.56 
454.69 
454.69 
454.63 
454.79 
454.79 
454 . 82 
454.92 
455 . 05 
455.22 
455.18 
455.38 
455.48 
455.51 
455.51 

27.95 
27.93 
28.00 
28.14 
28.11 
28.19 
28.29 
28.29 
28.35 
28.40 
28.48 
28.26 
27 . 93 
27 . 67 
27.24 
26.68 
26.26 
25.71 
25.24 
24.84 
24.26 
23.68 
23.47 
23.07 
22.55 
22.39 
22.31 
22.25 
22.25 
22.28 
22.20 
22.20 
22.18 
22.13 
22.07 
21.99 
22.01 
21.91 
21.86 
21.84 
21.84 

28.48 
28.37 
28.36 
28.41 
28.30 
28.36 
28.40 
28.36 
28.41 
28.41 
28.48 
28.23 
27.87 
27.59 
27.13 
26.53 
26.09 
25.51 
25.01 
24.59 
23.98 
23.36 
23.13 
22.70 
22.15 
21.98 
21.89 
21.83 
21.82 
21.85 
21.77 
21.77 
21.75 
21.70 
21.63 
21.54 
21.56 
21.46 
21.40 
21.38 
21.38 

*Pressure = (500 ft - Depth to Water) X 0.491 psi/ft 
+ Modified Pressure = (500 ft - {Depth to Water + [0.249 ft/240 hrs X (Elapsed Time - 53 hrs)]}) 
X 0.491 psi/ft 

(continued) 
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Table A-4. (continued) 

Elapsed 
Time 

Day Hr Min (hr) 

Depth 
to Water 

(ft) 

52 22 50 
53 9 10 
53 14 48 
53 22 30 
54 8 45 
54 14 30 
54 22 50 
55 9 17 
55 14 24 
55 22 48 
56 9 35 
56 14 58 
56 22 44 
57 10 45 
57 14 55 
57 22 40 
58 10 0 
58 15 20 
58 21 10 
59 9 24 
59 14 47 
59 20 50 
60 9 0 
60 15 0 
60 22 10 
61 8 20 
61 15 5 
61 21 0 
62 8 50 
62 15 15 
62 21 55 
63 10 12 
63 15 55 
63 21 50 
64 10 15 
64 16 21 
64 21 45 
65 14 45 
65 22 0 
66 8 50 
66 15 0 

(continued) 

973.833 
984.167 
989 . 800 
997 . 500 
1007.750 
1013 -500 
1021.833 
1032.283 
1037.400 
1045.800 
1056.583 
1061.967 
1069.733 
1081.750 
1085.917 
1093 . 667 
1105.000 
1110.333 
1116.167 
1128 . 400 
1133.783 
1139.833 
1152 . 000 
1158.000 
1165.167 
1175.333 
1182.083 
1188.000 
1199.833 
1206.250 
1212.917 
1225.200 
1230.917 
1236.833 
1249.250 
1255.350 
1260.750 
1277.750 
1285.000 
1295.833 
1302.000 

455.54 
455.61 
455.58 
455.77 
455.64 
455.58 
455.64 
455.61 
455.58 
455.64 
455.64 
455.58 
455.45 
455.45 
455.38 

455.38 
455.31 
455.25 
455.25 
455.22 
455.28 
455.22 
455.12 
455.12 
455.05 
454.86 
454.92 
454.89 
454.79 
454.89 
454.72 
454.63 
454.59 
454.46 
454.46 
454.33 
453.87 
454.17 
453.94 
453.77 

455.38 

Pressure 
(psi) 

21.83 
21.80 
21.81 
21.72 
21.78 
21.81 
21.78 
21.80 
21.81 
21.78 
21.78 
21.81 
21.87 
21.87 
21.91 
21.91 
21.91 
21.94 
21.97 
21.97 
21.99 
21.96 
21.99 
22.04 
22.04 
22.07 
22.16 
22.13 
22.15 
22.20 
22.15 
22.23 
22.28 
22.30 
22.36 
22.36 
22.42 
22.65 
22.50 
22.61 
22.70 

Modified 
Pressure 

(psi) 

21.36 
21.32 
21.33 
21.24 
21.29 
21.32 
21.29 
21.30 
21.31 
21.27 

21.30 
21.36 
21.35 
21.38 
21.38 
21.37 
21.40 
21.43 
21.42 
21.44 
21.40 
21.43 
21.47 
21.47 
21.50 
21.59 
21.56 
21.57 
21.61 
21.56 
21.64 
21.68 
21.69 
21.75 
21.75 
21.81 
22.03 
21.88 
21.98 
22.06 

21.27 
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Table A-4. (concluded) 

Modified 
Time to Water Pressure Pressure 

Elapsed Depth 

Day Hr Min (hr) (ft) (psi) (psi) 

66 22 0 
67 8 50 
67 14 15 
67 22 0 
68 10 35 
69 8 30 
70 10 25 
71 13 32 
72 11 54 
73 10 22 
74 10 25 
75 10 25 
76 10 40 
77 10 25 
78 12 39 
79 14 7 
83 9 20 
84 10 50 
86 11 16 
89 11 20 
91 8 25 
93 9 37 
96 13 0 
98 10 20 
100 11 36 
103 10 50 
105 14 0 
108 10 35 
110 10 30 
113 9 30 
114 14 40 
118 11 20 
120 7 20 
126 12 30 
135 13 50 

1309.000 
1319.833 
1325.250 
1333.000 
1345.583 
1367.500 
1393.417 
1420.533 
1442.900 
1465.367 
1489.417 
1513.417 
1537.667 
1561.417 
1587.650 
1613.117 
1704.333 
1729.833 
1778.267 
1850.333 
1895.417 
1944.617 
2020.000 
2065.333 
2114.600 
2185.833 
2237.000 
2305.583 
2353.500 
2424.500 
2453.667 
2546.333 
2590.333 
2739.500 
2956.833 

453.07 
453.67 
453.48 
453.51 
453.41 
453.41 
453.22 
452.82 
452.66 
452.23 
451.87 
451.77 
451.67 
451.38 
451.12 
450.89 
450.20 
450.23 
449.67 
449.48 
449.02 
448.79 
448.43 
448.13 
447.51 
447.11 
446.75 
446.33 
446.26 
446.06 
445.87 
445.54 
445.18 
444.75 
443.64 

22.65 
22.75 
22.84 
22.83 
22.88 
22.88 
22.97 
23.16 
23.24 
23.45 
23.63 
23.68 
23.73 
23.87 
24.00 
24.11 
24.45 
24.44 
24.71 
24.80 
25.03 
25.14 
25.32 
25.47 
25.77 
25.97 
26.15 
26.35 
26.39 
26.48 
26.58 
26.74 
26.92 
27.13 
27.67 

22.01 
22.10 
22.19 
22.18 
22.22 
22.21 
22.29 
22.47 
22.54 
22.74 
22.90 
22.94 
22.97 
23.10 
23.22 
23.32 
23.61 
23.58 
23.83 
23.89 
24.09 
24.18 
24.32 
24.44 
24.72 
24.88 
25.03 
25.20 
25.21 
25.28 
25.36 
25.47 
25.62 
25.76 
26.19 
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Table A-5. Water Levels and Pressures in Observation Well WIPP-21 During the WIPP-13 
Multipad Pumping Test 

Elapsed Depth Modified+ Compensated@ 
Time to Water Pressure* Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) (psi) 

307 11 25 
308 8 0 
309 14 35 
310 14 25 
311 10 30 
315 8 25 
316 13 50 
317 10 0 
318 12 47 
325 10 35 
328 10 55 
336 10 56 
343 11 55 
349 11 25 
357 9 0 
363 14 0 
365 10 35 
2 12 45 
5 13 10 
7 11 50 
9 15 30 
10 11 40 
11 13 21 
12 6 43 
12 16 13 
13 0 58 
13 12 16 
14 0 58 
14 12 57 
14 22 44 
15 10 41 
15 22 42 
16 10 49 
16 23 25 
17 10 53 
17 22 17 
18 10 58 
18 22 58 
19 10 57 
19 22 53 

-1677.583 
-1657.000 
-1626.417 
-1602.583 
-1582 . 500 
-1488.583 
-1459.167 
-1439.000 
-1412.217 
-1246.417 
-1174.083 
-982.067 
-813.083 
-669.583 
-480.000 
-331.000 
-286.417 
-236.250 
-163.833 
-117.167 
-65.500 
-45.333 
-19.650 
-2.283 
7.217 
15.967 
27.267 
39.967 
51.950 
61.733 
73.603 
85.700 
97.817 
110.417 
121.883 
133.283 
145.967 
157.967 
169.950 
181.883 

442.95 
442.91 
442.98 
442.98 
443.04 
444 . 13 
444.23 
444.52 
444 . 69 
446.16 
446.23 
445.24 
444.98 
444.85 
444.19 
443.96 
443.77 
443.67 
443.57 
443.47 
443.31 
443.73 
443 . 34 
443.31 
443.24 
443.24 
443.14 
443.01 
442.91 
442.85 
442.88 
442.78 
442.75 
442.75 
442.72 
442.72 
442.75 
442.78 
442.81 
442.81 

24.70 
24.72 
24.69 
24.69 
24.66 
24.19 
24 . 15 
24.02 
23.95 
23.31 
23 . 28 
23.71 
23.82 
23.88 
24.17 
24.27 
24.35 
24.39 
24.43 
24 . 48 
24.55 
24.36 
24.53 
24 . 55 
24.58 
24.58 
24.62 
24 . 68 
24.72 
24.75 
24.73 
24.78 
24.79 
24.79 
24.80 
24.80 
24.79 
24.78 
24.76 
24.76 

26.50 
26.50 
26.43 
26.41 
26.36 
25.80 
25.73 
25.58 
25.48 
24.68 
24.58 
24.81 
24.76 
24.67 
24.77 
24.72 
24.75 
24.75 
24.72 
24.72 
24.73 
24.53 
24.68 
24.67 
24.69 
24.68 
24.71 
24.76 
24.79 
24.81 
24.78 
24.81 
24.81 
24.80 
24.80 
24.79 
24.77 
24.74 
24.71 
24.70 

26.50' 
26.50' 
26.43' 
26.41' 
26.36' 
25.80' 
25.73# 
25.58' 
25.48# 
24.68# 
24.58# 
24.81# 
24.76# 
24.67# 
24.77# 
24.72# 
24.76# 
24.75# 
24.72# 
24.72# 
24.73# 
24.53# 
24.68# 
24.67# 
24.68 
24.67 
24.66 
24.68 
24.71 
24.75 
24.73 
24.75 
24.76 
24.74 
24.73 
24.75 
24.71 
24.68 
24.65 
24.65 

*Pressure = (500 f t  - Depth to Water) X 0.433 psi/ft 
+ Modified Pressure = (500 f t  - {Depth to Water + [0.553 ft/240 hrs X (Elapsed Time - 22 hrs)]}) X 0.433 psi/ft 
@Compensated Pressure = Modified Pressure + 0.5 (Barometric Pressure - 13.10 psi) 
#Not compensated 

(continued) 
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Table A-5. (continued) 

Elapsed Depth Modified Compensated 
Time to Water Pressure Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) (psi) 

2 0  1 0  4 0  
2 0  22 5 3  
2 1  11 7 
2 1  22 4 8  
22  10 2 0  
22  22 44  
23  11 17 
23  22 5 2  
24 11 15 
24 22 58 
2 5  1 0  2 0  
2 5  22  4 8  
2 6  10 50 
2 6  22 43 
2 7  10  48  
27  22 44 
28  11 1 4  
28  22 44 
2 9  1 0  7 
2 9  22 44  
3 0  10 2 5  
3 0  22 4 6  
3 1  10 43 
3 1  22 4 6  
32 11 3 
32  22 44 
33 11 28  
33 22 44  
34 11 3 9  
34 22 44 
35  10 4 6  
35  22 44 
3 6  14 58 
3 6  22 44  
3 7  11 9 
3 7  22  4 8  
3 8  11 1 
3 8  22 4 8  
3 9  11 7 
39 22  44  

(continued) 

193.667 
205.883 
218.117 
229.800 
241.333 
253.733 
266.283 
277.867 
290.250 
301.967 
313.333 
325.800 
337.833 
349 717 
361.800 
373.733 
386.233 
397.733 
409.117 
421.733 
433.417 
445.767 
457.717 
469.767 
482.050 
493.733 
5 0 6  . 467  
517.733 
530.650 
541.733 
553.767 
565.733 
581.967 
589.733 
602  . 150 

626.017 
637.800 
6 5 0  117 
661.733 

613  800 

442.88  
4 4 2 . 9 1  

4 4 2 . 9 1  
442.95  
442.95 
442 8 8  
4 4 2 . 8 1  
442.78  
4 4 2 . 8 5  
4 4 2 . 9 1  
4 4 3 . 0 1  
4 4 3 . 0 1  

443.08  
443.08 
443.04 
4 4 3 . 0 1  
443.08  
443.14  
443.24 
443.27  
443.24 
443.24 
4 4 3 . 3 1  
443.37 
443.47  
4 4 3 . 5 0  
443.60  
443 . 67  
443.73  
443.83  
444.03 
444.16  
444.29 
444.42 
444.52 
444.59 
444.65 
444.75 

442.88  

443.  oa 

24.73 
24 .72  
24.73 
24 .72  
2 4 . 7 0  
2 4 . 7 0  
24 .73  
2 4 . 7 6  
2 4 . 7 8  
2 4 . 7 5  
24 .72  
24 .68  
2 4 . 6 8  
2 4 . 6 5  
2 4 . 6 5  
2 4 . 6 5  
2 4 . 6 6  
2 4 . 6 8  
24 .65  
24 .62  
24 .58  
2 4 . 5 6  
24 .58  
24 .58  
2 4 . 5 5  
24 .52  
24 .48  
2 4 . 4 6  
24 .42  
24 .39  
2 4 . 3 6  
24 32  
24 .23  
24 .18  
24 .12  
24 .07  
24 .02  
2 3 . 9 9  
23 .97  
23 .92  

2 4 . 6 6  
24 .64  
24 .64  
2 4 . 6 1  
2 4 . 5 8  
2 4 . 5 7  
24 .59  
2 4 . 6 1  
2 4 . 6 1  
24 .57  
24 .53  
2 4 . 4 7  
2 4 . 4 6  
24 .42  
2 4 . 4 1  
24 .39  
2 4 . 4 0  
2 4 . 4 0  
2 4 . 3 6  
2 4 . 3 2  
24 .27  
24 .24  
24 .24  
24 . 23 
2 4 . 1 9  
2 4 . 1 5  
24 .09  
24 .07  
2 4 . 0 1  
23 .97  
2 3 . 9 3  
2 3 . 8 8  
23 .78  
2 3 . 7 1  
23 .64  
23 .57  
2 3 . 5 2  
2 3 . 4 8  
23 .44  
2 3 . 3 9  

24.64 
24 .60  
24.57 
24.59 
24 .55  
2 4 . 5 1  
24.49 
2 4 . 5 0  
24 .52  
24 .52  
24 .50  
24.47 
24.47 
24.42 
2 4 . 4 0  
24 .36  
24 .35  
24.34 
24.33 
24.29 
2 4 . 2 6  
24 .19  
24.15 
24.14 
24 .12  
24.08 
24 .02  
23.99 
23 .95  
23 .90  
23.87 
23.83 
23.79 
23 .75  
23.69 
23.63 
23.57 
23.50 
23.45 
23 .40  
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Table A-5. (continued) 

Elapsed 
Time 

Dav Hr Min (hr) 

Depth 
to Water 

(ft) 
Pressure 

(vsi) 

Modified 
Pressure 

(DSi) 

Compensated 
Pressure 

(vsi) 
~ 

40 12 13 
40 22 44 
41 11 0 
41 22 44 
42 11 44 
42 22 44 
43 10 17 
43 22 56 
44 10 37 
44 22 44 
45 10 44 
45 22 50 
46 10 52 
46 22 50 
47 8 59 
47 22 54 
48 6 58 
48 10 29 
48 14 20 
48 20 30 
49 2 37 
49 8 38 
49 14 16 
49 20 33 
50 2 27 
50 8 45 
50 15 35 
50 22 45 
51 7 18 
51 15 0 
51 22 45 
52 9 25 
52 15 3 
52 23 8 
53 9 21 
53 15 0 
53 22 43 
54 8 57 
54 14 45 
54 23 3 

(continued) 

675.217 
685.733 
698.000 
709.733 
722.733 
733.733 
745.283 
757.933 
769.617 
781.733 
793.733 
805.833 
817.867 
829.833 
839.983 
853.900 
861.967 
865.483 
869.333 
875.500 
881.617 
887.633 
893.267 
899.550 
905.450 
911.750 
918.583 
925.750 
934.300 
942.000 
949.750 
960.417 
966.050 
974.133 
984.350 
990.000 
997.717 
1007.950 
1013.750 
1022.050 

444.85 
444.88 
444.91 
444.98 
445.08 
445.14 
445.21 
445.31 
445.34 
445.37 
445.34 
445.37 
445.47 
445.57 
445.70 
445.77 
445.93 
446.00 
446.03 
446.10 
446.16 
446.19 
446.26 
446.29 
446.33 
446.36 
446.42 
446.49 
446.59 
446.69 
446.82 
446.88 
446.92 
446.98 
447.08 
447.15 
447.21 
447.24 
447.24 
447.31 

23.88 
23.87 
23.85 
23.82 
23.78 
23.75 
23.72 
23.68 
23.67 
23.66 
23.67 
23.66 
23.61 
23.57 
23.51 
23.48 
23.41 
23.38 
23.37 
23.34 
23.31 
23.30 
23.27 
23.26 
23.24 
23.23 
23.20 
23.17 
23.13 
23.08 
23.03 
23.00 
22.98 
22.96 
22.91 
22.88 

22.84 

22.82 

22.86 

22.84 

23 . 33 
23.30 
23.28 
23.24 
23 . 18 
23.14 
23 . 10 
23.05 
23.02 
23.00 
23.00 
22.97 
22.92 
22.86 
22.80 
22.75 
22.67 
22.64 
22.62 
22.59 
22.55 
22.54 
22.50 
22.48 
22.46 
22.44 
22.41 
22.37 
22.32 
22.27 
22.20 
22.16 
22.14 
22.11 
22.05 
22.02 
21.98 
21.96 
21.95 
21.92 

23.34 
23.28 
23.25 
23.20 
23.15 
23.11 
23.08 
23.01 
22.97 
22.90 
22.87 
22.84 
22.84 
22.78 
22.72 
22.70 
22.64 
22.61 
22.59 
22.55 
22.51 
22.49 
22.43 
22.40 
22.38 
22.37 
22.34 
22.32 
22.30 
22.25 
22.18 
22.12 
22.08 
22.08 
22.04 
21.97 
21.92 
21.88 
21.84 
21.83 
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Table A-5. (continued) 

Day Hr Min 

55 9 30 
55 14 36 
55 22 59 
56 9 55 
56 15 10 
56 22 56 
57 9 21 
57 15 15 
57 22 51 
58 8 18 
58 15 36 
58 23 0 
59 9 40 
59 15 6 
59 23 0 
60 9 15 
60 15 13 
60 22 22 
61 10 39 
61 21 15 
62 9 3 
62 15 23 
62 22 6 
63 10 23 
63 15 17 
63 22 4 
64 10 30 
64 15 23 
64 22 0 
65 13 30 
65 22 20 
66 9 3 
66 15 15 
66 22 20 
67 9 3 
67 14 30 
67 22 15 
68 10 47 
69 8 50 
70 10 42 

(continued) 

Elapsed 
Time 
(W 

1032.500 
1037.600 
1045.983 
1056.917 
1062.167 
1069.933 
1080.350 
1086.250 
1093 . 850 
1103.300 
1110.600 
1118.000 
1128.667 
1134.100 
1142.000 
1152.250 
1158.217 
1165.367 
1177.650 
1188.250 
1200.050 
1206.383 
1213.100 
1225.383 
1230.283 
1237 . 067 
1249.500 
1254.383 
1261.000 
1276.500 
1285.333 
1296.050 
1302.250 

1320.050 
1325.500 
1333.250 
1345.783 
1367.833 
1393.700 

1309 333 

Depth 
to Water 

(ft) 

447 . 38 
447.41 
447.51 
447.57 
447.57 
447.64 
447.64 
447.70 
447.74 
447.74 
447.74 
447.80 
447.87 
447.90 
447.93 
448.03 
448.06 
448.10 
448.13 
448.20 
448.29 
448.36 
448.39 
448.49 
448 . 52 
448.56 
448.52 
448.52 
448 . 52 
448 . 39 
448.39 
448.33 
448.29 
448.26 
448.20 
448.16 
448.13 
448.10 
448.10 
448.10 

Pressure 
(psi) 

22.78 
22.77 
22.73 
22.70 
22.70 
22 . 67 
22.67 
22.65 
22.63 
22.63 
22.63 
22.60 
22.57 
22.56 
22.55 
22.50 
22.49 
22.47 
22.46 
22.43 
22.39 
22.36 
22.35 
22.30 
22.29 
22.27 
22.29 
22.29 
22 . 29 
22.35 
22.35 
22.37 
22.39 
22.40 
22.43 
22.45 
22.46 
22.47 
22.47 
22.47 

Modified 
Pressure 

(psi) 

21.88 
21.86 
21.81 
21.77 
21.76 
21.73 
21.72 
21.68 
21.66 
21.65 
21.64 
21.61 
21.57 
21.55 
21.53 
21.48 
21.46 
21.43 
21.41 
21.37 
21.32 
21.28 
21.26 
21.20 
21.18 
21.16 
21.17 
21.16 
21.15 
21.20 
21.19 
21.20 
21.21 
21.22 
21.23 
21.25 
21.25 
21.25 
21.23 
21.20 

Compensated 
Pressure 

(psi) 

21.80 
21.77 
21.73 
21.70 
21.67 
21.64 
21.64 
21.59 
21.58 
21.56 
21.54 
21.52 
21.51 
21.48 
21.48 
21.46 
21.41 
21.39 
21.37 

21.33 
21.28 
21.29 
21.26 
21.22 
21.20 
21.19 
21.17 
21.14 
21.16 
21.15 
21.17 
21.15 
21.17 
21.18 
21.16 
21.18 
21.22 
21.22 
21.22 
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Table A-5. (concluded) 

Elapsed 
Time 

Day Hr Min (hr) 

71 11 58 
72 12 5 
73 10 33 
74 10 40 
75 10 40 
76 10 55 
77 10 40 
78 12 48 
79 13 50 
80 12 45 
81 10 40 
82 10 25 
83 9 35 
84 11 3 
85 13 0 
86 11 24 
87 11 55 
88 10 30 
89 11 35 
91 10 25 
92 14 0 
93 9 47 
95 13 35 
96 13 15 
98 10 30 
100 11 23 
102 8 55 
103 11 15 
105 14 15 
108 10 50 
110 10 45 
113 9 40 
114 14 51 
118 11 40 
120 9 45 
126 9 55 
135 14 5 

1418.967 
1443.083 
1465.550 
1489.667 
1513.667 
1537.917 
1561.667 
1587.800 
1612.833 
1635.750 
1657.667 
1681.417 
1704.583 
1730.050 
1756.000 
1778.400 
1802.917 
1825.500 
1850.583 
1897.417 
1925.000 
1944.783 
1996.583 
2020.250 
2065.500 
2114.383 
2159.917 
2186.250 
2237.250 
2305.833 
2353.750 
2424.667 
2453.850 
2546.667 
2592.750 
2736.917 
2957.083 

Depth 
to Water 

(ft) 

447.97 
447.07 
447.60 
447.38 
447.15 
446.98 
446.88 
446.78 
446.65 
446.56 
446.36 
446.19 
446.13 
446.06 
446.06 
445.90 
445.80 
445.80 
445.83 
445.57 
445.54 
445.41 
445.08 
445.05 
444 . 88 
444.55 
444.16 
444 . 13 
444.03 
443 . 54 
443.34 
443.08 
442.98 
442.55 
442.13 
441.54 
440.55 

Pressure 
(Psi) 

22 . 53 
22 . 57 
22.69 
22.78 
22 . 88 
22.96 
23 . 00 
23.04 
23 . 10 
23 . 14 
23.23 
23 . 30 
23.33 
23.36 
23.36 
23.43 
23.47 
23.47 
23.46 
23.57 
23.58 
23.64 
23.78 
23.79 
23.87 
24.01 
24.18 
24.19 
24.23 
24.45 
24.53 
24.65 
24.69 
24.88 
25.06 
25.31 
25.74 

Modified 
Pressure 

(psi) 

21.23 
21.25 
21.35 
21.42 
21.50 
21.55 
21.57 
21.58 
21.61 
21.63 
21.69 
21.74 
21.75 
21.75 
21.73 
21.77 
21.79 
21.77 
21.73 
21.80 
21.78 
21.82 
21.91 
21.90 
21.93 
22.02 
22.14 
22.13 
22 . 12 
22.27 
22.31 
22.35 
22.36 
22.46 
22.59 
22.70 
22.91 

Compensated 
Pressure 

(psi) 

21.24 
21.24 
21.27 
21.33 
21.37 
21.41 
21.47 
21.49 
21.51 
21.52 
21.58 
21.63 
21.66 
21.69 
21.65 
21.68 
21.74 
21.75 
21.74 
21.74 
21.75 
21.80 
21.90 
21.89 
21.93 
21.98 
22.11 
22.10 
22.07 
22.18 
22.28 
22.34 
22.35 
22.48 
22.59 
22.70 
22.91 
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Table A-6. Water Levels and Pressures in Observation Well WIPP-22 During the 
WIPP-13 Multipad Pumping Test 

Elapsed Depth Modified+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

336 10 48 
343 11 42 
349 11 46 
357 13 30 
363 14 28 
365 10 57 
5 13 0 
8 10 0 
9 15 25 
13 13 40 
14 14 10 
16 15 0 
19 17 35 
21 13 35 
23 15 6 
26 15 15 
28 10 14 
30 16 24 
33 13 20 
35 8 35 
37 14 34 
40 12 35 
42 15 30 
44 15 0 
47 9 14 
48 12 10 
48 14 45 
48 20 50 
49 2 24 
49 10 0 
49 15 30 
49 20 25 
50 2 20 
50 8 30 
50 15 25 
50 22 40 
51 10 45 
51 14 53 
51 22 40 
52 9 20 
52 14 57 

-982.200 
-813.300 
-669.233 
-475.500 
-330.533 
-286.050 
-164.000 
-95.000 
-65.583 
28 . 667 
53.167 
102.000 
176.583 
220.583 
270.100 
342.250 
385.233 
439.400 
508.333 
551.583 
605.567 
675.583 
726.500 
774 . 000 
840.233 
867.167 
869.750 

881.400 
889.000 
894.500 
899.417 
905.333 
911.500 
918.417 
925.667 
937.750 
941.883 
949.667 
960.333 
965.950 

875.833 

436.94 
437.07 
436.78 
436.58 
436.61 
436.42 
436.09 
436.22 
436.12 
435.96 
435.83 
436.02 
436.19 
436.32 
436.88 
437.66 
438.29 
438.94 
439.76 
440.29 
441.27 
442.19 
442.59 
443.11 
444.16 
444.49 
444.59 
444.59 
444.69 
444.69 
444.82 
444.85 
444.85 
444.95 
445.01 
445.08 
445.21 
445.14 
445.37 
445.47 
445.54 

31.21 
31.15 
31.29 
31.39 
31.38 
31.47 
31.64 
31.57 
31.62 
31.70 
31.76 
31.67 
31.59 
31.52 
31.24 
30.86 
30.55 
30.23 
29.82 
29.56 
29.07 
28.62 
28.42 
28.16 
27.64 
27.48 
27.43 
27.43 

27.38 
27.31 
27.30 
27.30 
27.25 
27.22 
27.18 
27.12 
27.16 
27.04 
26.99 
26.96 

27.38 

31.79 
31.63 
31.70 
31.69 
31.59 
31.66 
31.76 
31.65 
31.69 
31.71 
31.76 
31.64 
31.52 
31.43 
31.12 
30.70 
30.36 
30.01 
29.57 
29.28 
28.77 
28.27 
28.04 
27.76 
27.20 
27.03 
26.98 
26.97 
26.92 
26.91 
26.85 
26.83 
26.83 
26.77 
26.74 
26.70 
26.63 
26.66 
26.54 
26.49 
26.45 

*Pressure = (500 ft - Depth to Water) x 0.495 psi/ft 
+ Modified Pressure = (500 ft - {Depth to  Water + [0.269 ft/240 hrs X (Elapsed Time - 53 hrs)]}) 
x 0.495 psi/ft 

(continued) 
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Table A-6. (continued) 

Day Hr Min 

52 22 58 
53 9 18 
53 14 56 
53 22 40 
54 8 53 
54 14 42 
54 23 0 
55 9 26 
55 14 32 
55 22 55 
56 9 45 
56 15 8 
56 22 52 
57 10 55 
57 15 5 
57 22 48 
58 10 7 
58 15 30 
58 22 40 
59 9 36 
59 15 0 
59 22 40 
60 9 10 
60 15 10 
60 22 18 
61 8 30 
61 15 15 
61 21 10 
62 9 0 
62 15 20 
62 22 3 
63 10 20 
63 16 3 
63 22 0 
64 10 24 
64 16 30 
64 21 55 
65 15 50 
65 22 10 
66 9 0 
66 15 10 

(continued) 

Elapsed 
Time 
(hr) 

973.967 
984.300 
989.933 
997.667 
1007.883 
1013.700 
1022.000 
1032.433 
1037.533 
1045.917 
1056.750 
1062.133 
1069.867 
1081.917 
1086.083 
1093.800 
1105.117 
1110 500 
1117.667 
1128.600 
1134.000 
1141.667 
1152.167 
1158.167 
1165.300 
1175.500 
1182.250 
1188.167 
1200.000 
1206.333 
1213.050 
1225.333 
1231.050 
1237.000 
1249.400 
1255.500 
1260.917 
1278.833 
1285.167 
1296.000 
1302.167 

Depth 
to Water 

(ft) 

445.60 
445.70 
445.73 
445.80 
445.90 
445.80 
445.87 
445.93 
445.93 
446.00 
446.13 
446.06 
446.06 
446.10 
446.03 
445.93 
446.06 
446.06 
446.26 
446.13 
446.13 
446.19 
446.29 
446.23 
446.16 
446.23 
446.06 
446.13 
446.13 
446.13 
446.19 
446.06 
446.10 
446.16 
446.00 
446.00 
446.06 
445.64 
445.87 
445.70 
445.60 

Pressure 
(psi) 

26.93 
26.88 
26.86 
26.83 
26.78 
26.83 
26.79 
26.77 
26.77 
26.73 
26.67 
26.70 
26.70 
26.68 
26.71 
26.77 
26.70 
26.70 
26.60 
26.67 
26.67 
26.64 
26.59 
26.62 
26.65 
26.62 
26.70 
26.67 
26.67 
26.67 
26.64 
26.70 
26.68 
26.65 
26.73 
26.73 
26.70 
26.91 
26.79 
26.88 
26.93 

Modified 
Pressure 

(psi) 

26.42 
26.36 
26.34 
26.30 
26.25 
26.30 
26.26 
26.22 
26.22 
26.18 
26.11 
26.14 
26.14 
26.11 
26.14 
26.19 
26.12 
26.11 
26.01 
26.07 
26.07 
26.03 
25.98 
26.00 
26.03 
25.99 
26.07 
26.04 
26.03 
26.03 
25.99 
26.05 
26.03 
25.99 
26.07 
26.06 
26.03 
26.23 
26.11 
26.19 
26.23 
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Table A-6. (concluded) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

66 22 10 
67 9 0 
67 14 25 
67 22 10 
68 10 44 
69 8 40 
70 10 34 
71 13 40 
72 12 0 
73 10 30 
74 10 35 
75 10 35 
76 10 45 
77 10 35 
78 12 45 
79 14 0 
83 9 30 
84 11 0 
86 11 22 
89 11 30 
91 8 35 
93 9 45 
96 13 10 
98 10 25 
100 11 42 
103 11 0 
105 14 10 
108 10 45 
110 10 40 
113 9 35 
114 14 48 
118 11 30 
120 7 25 
126 9 50 
135 14 0 

1309.167 
1320.000 
1325.417 
1333.167 
1345.733 
1367 . 667 
1393 . 567 
1420.667 
1443.000 
1465.500 
1489.583 
1513 . 583 
1537 . 750 
1561.583 
1587 . 750 
1613 . 000 
1704.500 
1730.000 
1778 . 367 
1850.500 

1944.750 
2020.167 
2065.417 
2114.700 
2186.000 
2237.167 
2305.750 
2353.667 
2424 . 583 
2453.800 
2546.500 
2590.417 
2736.833 
2957.000 

1895.583 

445.70 
445.57 
445.41 
445.44 
445.37 
445.44 
445.28 
445.01 
444.95 
444.59 
444.23 
444.23 
444.13 
443.83 
443.64 
443.44 
442.85 
442.85 
442.45 
442.22 
441.90 
441.70 
441.27 
441.08 
440.49 
440.22 
439.86 
439.50 
439.37 
439.11 
438.98 
438.45 
438.19 
437.80 
436.61 

26.88 
26.94 
27.02 
27.01 
27.04 
27.01 
27.09 
27.22 
27.25 
27.43 
27.61 
27.61 
27.66 
27.80 
27.90 
28.00 
28.29 
28.29 
28.49 
28.60 
28.76 
28.86 
29.07 
29.16 
29.46 
29.59 
29.77 
29.95 
30.01 
30.14 
30.20 
30.47 
30.60 
30.79 
31.38 

26.18 
26.24 
26.32 
26.30 
26.32 
26.28 
26.34 
26.46 
26.48 
26.64 
26.81 
26.80 

26.97 
27.05 
27.13 
27.37 
27.36 
27.53 
27.60 
27.74 
27.81 
27.98 
28.05 
28.31 
28.41 
28.56 
28.70 
28.73 
28.82 
28.87 
29.08 
29.19 
29.30 
29.77 

26.83 
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Table A-7. Water Levels and Pressures in Observation Well WIPP-25 During the 
WIPP-13 Multipad Pumping Test 

Elapsed Depth Compensated+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 
338 13 35 

6 10 0 
12 17 28 
13 9 25 
13 21 30 
14 11 50 
15 13 0 
16 13 0 
17 13 0 
18 12 55 
19 12 45 
20 12 51 
21 12 50 
22 12 50 
23 12 45 
24 14 30 
25 12 50 
26 13 0 
27 13 0 
28 13 0 
29 17 20 
30 12 50 
31 13 0 
32 13 35 
33 12 55 
34 14 30 
35 12 30 
36 13 0 
37 13 15 
38 13 0 
39 13 15 
40 13 15 
41 13 15 
42 13 0 
43 12 30 
44 13 55 
45 11 15 
46 13 15 
47 12 26 
49 11 35 
51 11 24 

-931 417 
-143.000 

8.467 
24.417 
36.500 
50.833 
76 . 000 
100 . 000 
124 . 000 
147 . 917 
171.750 
195.850 
219.833 
243.833 
267.750 
293.500 
315.833 
340.000 
364.000 
388.000 
416.333 
435.833 
460.000 
484.583 
507.917 
533.500 
555.500 
580.000 
604.250 
628 . 000 
652.250 
676.250 
700.250 
724.000 
747.500 
772.917 
794.250 
820.250 
843.433 
890.583 
938.400 

163.85 
163.78 
163 . 71 
163.81 
163.78 
163.71 
163.78 
163 . 91 
163.85 
163.85 
163.91 
163.94 
163.98 
164.04 
163.91 
163.94 
164.11 
164.11 
163 . 98 
163.98 
164.01 
164.17 
164.04 
164.07 
164.11 
164.11 
164.17 
164.40 
164.44 
164.37 
164.30 
164 . 30 
164.21 
164 . 14 
164.24 
164.34 
164 . 27 
164 . 34 
164.50 
164 . 44 
164.44 

15.82 
15.85 
15.88 
15.84 
15.85 
15.88 
15.85 
15.80 
15.82 
15.82 
15.80 
15.78 
15.77 
15.74 
15.80 
15.78 
15.71 
15.71 
15.77 
15.77 
15.75 
15.68 
15.74 
15.73 
15.71 
15.71 
15.68 
15.58 
15.56 
15.60 
15.63 
15.63 
15.66 
15.70 
15.65 
15.61 
15.64 
15.61 
15.54 
15.56 
15.56 

*Pressure = (200 ft - Depth to Water) X 0.4377 psi/ft 
+Compensated Pressure = Pressure + 0.3 (Barometric Pressure - 13.1 psi) 

(continued) 

15.82 
15.85 
15.88 
15.82 
15.81 
15.84 
15.82 
15.76 
15.78 
15.79 
15.76 
15.78 
15.74 
15.74 
15.75 
15.75 
15.70 
15.72 
15.75 
15.74 
15.74 
15.69 
15.69 
15.69 
15.67 
15.67 
15.65 
15.59 
15.60 
15.63 
15.64 
15.64 
15.65 
15.68 
15.64 
15.58 
15.56 
15.56 
15.49 
15.53 
15.56 
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Table A-7. (concluded) 

E 1 apse d 
Time 

Day Hr Min (hd 

Depth 
to Water 

(ft) 

54 10 20 
56 8 55 
58 14 0 
61 11 0 
63 14 25 
65 12 48 
68 10 4 
70 9 30 
72 10 55 
75 13 45 
77 12 45 
85 11 30 
92 10 5 

1009.333 
1055.917 
1109.000 
1178.000 
1229.417 
1275.800 
1345.067 
1392.500 
1441.917 
1516.750 
1563.750 
1754.500 
1921.083 

164.27 
164.34 
164.30 
164.34 
164.40 
164.14 
164.24 
164.34 
164.24 
164.11 
164.11 
164.27 
164.30 

Pressure 
(psi) 

15.64 
15.61 
15.63 
15.61 
15.58 
15.70 
15.65 
15.61 
15.65 
15.71 
15.71 
15.64 
15.63 

Compensated 
Pressure 

(psi) 

15.59 
15.57 
15.57 
15.59 
15.61 
15.68 
15.63 
15.62 
15.65 
15.63 
15.65 
15.59 
15.61 

I 
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Table A-8. Water Levels and Pressures in Observation Well WIPP-30 During the 
WIPP-13 Multipad Pumping Test 

Elapsed Depth Modified+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

311 10 15 
318 11 7 
328 9 15 
336 9 18 
343 9 21 
349 10 45 
363 11 16 
365 10 20 

2 10 30 
6 9 30 
7 14 38 
9 13 20 
10 12 12 
11 12 55 
12 7 8 
12 14 45 
13 1 25 
13 11 48 
14 0 30 
14 11 40 
14 22 23 
15 10 10 
15 22 16 
16 10 25 
16 22 40 
17 10 17 
17 22 48 
18 10 22 
18 22 15 
19 10 20 
19 22 15 
20 11 15 
20 22 15 
21 10 40 
21 22 15 
22 10 47 
22 22 15 
23 11 38 
23 22 15 
24 10 15 
24 22 15 

-1582.750 
-1413.883 
-1175.750 
-983.700 
-815.650 
-670.250 
-333.733 
-286.667 
-238.500 
-143.500 
-114.367 
-67.667 
-44.800 
-20.083 
-1.867 
5.750 
16.417 
26.800 
39.500 
50.667 
61.383 
73.167 
85.267 
97.417 
109.667 
121.283 
133.800 
145.367 
157.250 
169.333 
181.250 
194.250 
205.250 
217.667 
229.250 
241.783 
253.250 
266.633 
277.250 
289.250 
301.250 

380.84 
380.64 
380.84 

380.64 
380.31 
380.15 
380.12 
379.79 
379.82 
379.86 
379.82 
379.92 
379.95 
379.95 
379.89 
379.89 
379.79 
379.69 
379.66 
379.66 
379.76 
379.72 
379.79 
379.79 

379.92 
379.99 
380.02 
380.12 
380.18 
380.41 
380.51 
380.58 
380.74 
380.94 
381.00 
381.00 
381.10 
381.20 
381.50 

380.81 

379.82 

8.85 

8.85 

8.94 
9.10 
9.17 
9.19 
9.34 
9.32 
9.30 
9.32 
9.28 
9.26 
9.26 
9.29 
9.29 
9.34 

9.40 
9.40 
9.35 
9.37 
9.34 
9.34 
9.32 
9.28 
9.24 
9.23 
9.19 
9.16 
9.05 
9.00 
8.97 
8.90 
8.81 

8.78 

8.69 
8.55 

8.94 

8.87 

9.38 

8.78 

8.73 

9.40 
9.44 
9.27 
9.21 
9.24 
9.34 
9.30 
9.30 
9.43 
9.39 
9.36 
9.36 
9.31 
9.29 
9.28 
9.31 
9.30 
9.35 
9.39 
9.40 
9.39 
9.34 
9.36 
9.32 
9.32 
9.30 
9.25 
9.21 
9.20 
9.14 
9.11 
9.00 
8.95 
8.92 
8.84 
8.74 
8.71 
8.71 
8.65 
8.61 
8.46 

*Pressure = (400 f t  - Depth to Water) X 0.462 psi/ft 
+ Modified Pressure = (400 f t  - {Depth to Water + [0.175 ft/240 hrs X (Elapsed Time - 50 hrs)]]) 
X 0.462 psi/ft 

(continued) 
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Table A-8. (continued) 

Elapsed 
Time 

Day Hr Min 

Depth 
to Water 

25 10 50 
25 22 15 
26 11 30 
26 22 15 
27 10 15 
27 22 15 
28 10 42 
28 22 15 
29 11 40 
29 22 15 
30 11 32 
30 22 15 
31 10 20 
31 22 15 
32 10 13 
32 22 15 
33 10 16 
33 22 15 
34 10 55 
34 22 15 
35 10 15 
35 22 15 
36 14 25 
36 22 15 
37 10 40 
37 22 15 
38 10 15 
38 22 15 
39 10 15 
39 22 15 
40 10 30 
40 22 15 
41 10 15 
41 22 15 
42 10 30 
42 22 15 
43 11 18 
43 22 17 
44 11 36 
44 22 13 
45 10 15 

(continued) 

313.833 
325.250 
338.500 
349.250 
361.250 
373 . 250 
385.700 
397.250 
410.667 
421.250 
434.533 
445.250 
457.333 
469.250 
481.217 
493 . 250 
505.267 
517 . 250 
529.917 
541.250 
553.250 
565.250 
581.417 
589.250 
601.667 
613.250 
625.250 
637.250 
649.250 
661.250 
673.500 
685.250 
697 . 250 
709.250 
721.500 
733.250 
746.300 
757.283 
770.600 
781.217 
793.250 

381.69 
381.92 
382.12 
382.28 
382.41 
382.51 
382.61 
382.71 
382.97 
383.14 
383.43 
383.53 
383.56 
383.69 
383.92 
384.09 
384.28 
384.42 
384.61 
384.74 
384.94 
385.14 
385.50 
385.70 
385.89 
386.09 
386.22 
386.35 

386.58 
386.71 
386.81 
386.88 

387.14 
387.24 
387.43 
387.53 
387.63 
387.66 
387.66 

386.42 

386 98 

Pressure 
(psi) 

8.46 
8.35 
8.26 
8.19 
8.13 
8.08 
8.03 
7.99 
7.87 
7.79 
7.66 
7.61 
7.59 
7.54 
7.43 
7.35 
7.26 
7.20 
7.11 
7.05 
6.96 
6.87 
6.70 
6.61 
6.52 
6.43 
6.37 
6.31 
6.27 
6.20 
6.14 
6.09 
6.06 
6.01 
5.94 
5.89 
5.81 
5.76 
5.71 
5.70 
5.70 

Modified 
Pressure 

(psi) 

8.37 
8.26 
8.16 
8.09 
8.02 
7.97 
7.92 
7.87 
7.75 
7.66 
7.53 
7.48 
7.46 
7.39 
7.28 
7.20 
7.11 
7.04 
6.95 
6.88 
6.79 
6.69 
6.52 
6.42 
6.33 
6.24 
6.17 
6.11 
6.07 
5.99 
5.93 
5.88 
5.84 
5.79 
5.71 
5.67 
5.57 
5.52 
5.47 
5.46 
5.45 



Table A-8. (continued) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

45 22 1 5  
46  1 0  1 5  
46  22 1 5  
4 7  11 13 
47 22 1 5  
48 7 4 0  
48 1 3  3 3  
48 1 6  36  
48 2 1  2 0  
49 3 1 5  
49 8 1 5  
49 1 4  3 0  
49 2 1  12  
5 0  3 1 5  
5 0  9 4 0  
50 1 4  5 0  
5 0  23 45  
5 1  6 5 0  
5 1  1 6  5 0  
5 1  23 45  
52 9 5 0  
52  1 5  3 0  
52 23 40  
53 9 5 0  
53  1 5  3 0  
53 23 4 0  
54 9 27  
54 1 5  1 5  
54 23 35  
55  10 0 
5 5  1 5  5 
55  23 35  
5 6  1 0  40  
5 6  1 5  43 
5 6  23 3 0  
57  8 36  
57  1 5  5 5  
5 7  23 3 0  
58  1 0  33 
58  2 1  45  
59  1 0  10 

(continued) 

805 .250  

829 .250  
842.217 
853 . 250 
862 . 667 
868 . 550 
871 .600  
876 . 333 

887 . 250 
893 . 500 
900.200 
906 .250  
912 . 667 
917 A 3 3  
926.750 
933 A 3 3  
943 A 3 3  
950 . 7 5 0  
960.833 
966.500 
974.667 
984 A 3 3  
990 . 500 
998 . 667 

1008 . 450 
1014 . 250 
1022 . 583 
1033 .000  
1038 . 083 
1046.583 
1057 . 667 
1062.717 ' 

1070 . 5 0 0  
1079 .600  
1086 .917  
1094 . 500 
1105 .550  
1116 . 7 5 0  
1129.167 

817 .250  

882 e250 

387 .70  
387 . 93 
388.12 
388 .25  
388 .39  
388 .55  
388 . 65 
3 8 8 . 7 1  
3 8 8 . 7 1  
388.78 
3 8 8 . 8 1  
388 . 85 
388.85 
308 . 9 1  
388 . 94 
389 . 0 1  
389.14 
389 . 24 
389 . 37 
389.44 
389 .40  
389 .40  
3 8 9 . 5 0  
389.57 
389.57 
389 .60  
389 . 50 
389 . 44 
389 .50  

309 .50  
389.57 
389.53 
309 .50  
389 .50  

389 .40  
389 . 40 
389.34 
389.27 
389 .30  

389 .50  

389.44 

5.68 
5 .58  
5 . 4 9  
5 .43  
5 . 3 6  
5 . 2 9  
5 .24  
5 . 2 2  
5 . 2 2  
5 . 1 8  
5 .17  
5 . 1 5  
5 .15  
5 . 1 2  
5 .11 
5 . 0 8  
5 . 0 2  
4 .97  
4 . 9 1  
4 . 8 8  
4 . 9 0  
4 . 9 0  
4 . 8 5  
4 .82  
4.82 
4 .80  
4 . 8 5  
4 .88  
4 . 8 5  
4 . 8 5  
4 . 8 5  
4 .82  
4.84 
4 . 8 5  
4 . 8 5  
4 .88  
4 . 9 0  
4 . 9 0  
4 .92  
4 . 9 6  
4 .94  

5.43 
5 .32  
5.23 
5 .16  
5 . 0 9  
5 .02  
4 .97  
4.94 
4.94 
4 . 9 0  
4 .89  
4 .87  
4 .87  
4 .83  
4.82 
4 .79  
4 .72  
4 .67  
4 . 6 1  
4 .58  
4 .59  
4.59 
4.54 
4 . 5 0  
4 .50  
4 .49  
4.53 
4.55 
4 .52  
4 .52  
4.52 
4.48 
4 .50  
4 . 5 1  
4 . 5 1  
4.53 
4 .55  
4.54 
4 .57  
4 . 6 0  
4 .58  
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Table A-8. (continued) 

E 1 apse d 
Time 

Dav Hr Min 

Depth 
to Water 

59 21 45 
60 9 40 
60 22 45 
61 9 35 
61 22 0 
62 9 30 
62 22 45 
63 8 35 
63 22 45 
64 7 55 
64 22 40 
65 11 45 
65 22 55 
66 9 35 
66 22 55 
67 9 30 
67 22 45 
68 8 50 
69 8 17 
70 8 51 
71 11 6 
72 9 48 
73 9 20 
74 9 20 
75 9 20 
76 9 35 
77 9 20 
78 8 53 
79 12 35 
82 9 15 
84 9 45 
86 10 18 
89 9 15 
91 9 20 
93 8 40 
96 11 10 
98 9 15 
160 8 32 
103 9 35 
105 13 0 
108 9 25 
(continued) 

1140.750 
1152 . 667 
1165.750 
1176.583 
1189 . 000 
1200.500 
1213.750 
1223.583 
1237.750 
1246.917 
1261.667 
1274.750 
1285.917 
1296.583 
1309.917 
1320.500 
1333.750 
1343.833 
1367.283 
1391.850 
1418.100 
1440.800 
1464.333 
1488.333 
1512.333 
1536 . 503 
1560.333 
1583.883 
1611.583 
1680.250 
1728.750 
1777.300 

1096.333 
1943.667 
2018 . 167 
2064 . 250 
2111.533 
2184 . 583 
2236.000 
2304.417 

1848 250 

389.24 
389.27 
389.17 
389.11 
389.01 
389.01 

388.98 
380.88 
380.71 
388.52 
380.35 
388 . 19 
388.06 
387.93 
387.80 
307.63 
387.57 
387.43 
307.30 
387.01 
386.81 
386.38 
306.09 
385.79 
385.56 
385.43 
385.27 
385.07 
384.48 
384.32 
383.99 
383.86 
303.40 
383.27 
382 . 94 
382.74 

382.12 
382.05 
381.63 

388.98 

382.41 

Pressure 
(Psi) 

4.97 
4.96 
5.00 
5.03 
5.08 
5.08 
5.09 
5.09 
5.14 
5.22 
5.30 
5.38 
5.46 
5.52 
5.58 
5.64 
5.71 
5.74 
5.81 
5.87 
6.00 
6.09 
6.29 
6.43 
6.57 
6.67 
6.73 
6.80 
6.90 
7.17 
7.24 
7.40 
7.46 
7.67 
7.73 
7.80 
7.97 
8.13 
8.26 
8.29 
8.49 

Modified 
Pressure 

(Psi) 

4.60 
4.59 
4.63 
4.65 
4.69 
4.69 
4.70 
4.70 
4.74 
4.81 
4.90 
4.97 
5.04 
5.10 
5.15 
5.21 
5.28 
5.31 
5.36 
5.42 
5.54 
5.62 
5.82 
5.94 
6.07 
6.17 
6,22 
6.29 
6.37 
6.62 
6.68 
6.82 
6.85 
7.05 
7.09 
7.22 
7.30 
7.43 
7.54 
7.56 
7.73 
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Table A-8. (concluded) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

110 9 20 2352.333 381.63 8.49 7.71 
113 8 35 2423.583 381.53 8.53 7.73 
114 12 30 2451.500 381.50 8.55 7.74 
118 10 10 2545.167 381.33 8.63 7.79 
120 6 50 2589.833 381.04 8.76 7.90 
126 8 45 2735.750 380.94 8.81 7.90 
135 14 20 2957.333 380.51 9.00 8.03 
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Table A-9. Water Levels and Pressures in Observation Well H-1 Culebra During 
the WIPP-13 Multipad Pumping Test 

Elapsed Depth Modified+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 
303 11 35 
307 11 10 
308 7 55 
309 10 0 
310 14 35 
311 10 40 
315 8 10 
316 13 40 
317 10 43 
318 8 30 
325 9 23 
328 11 20 
336 11 11 
343 12 36 
349 12 24 
357 10 20 
363 13 52 
365 11 3 

2 11 35 
5 13 50 
7 10 53 
9 13 55 
10 11 32 
11 13 25 
12 6 38 
12 16 40 
13 0 51 
13 12 12 
14 0 51 
14 12 52 
14 22 35 
15 10 30 
15 22 35 
16 10 56 
16 22 55 
17 10 59 
17 22 20 
18 10 50 
18 22 40 
19 10 49 
19 22 35 

-1773.417 
-1677.833 
-1657.083 
-1631.000 
-1602.417 
-1582.333 
-1488.833 
-1459.333 
-1438.283 
-1416.500 
-1247.617 
-1173.667 
-981.817 
-812.400 
-668.600 
-478.667 
-331.133 
-285.950 
-237.417 
-163.167 
-118.117 
-67.083 
-45.467 
-19.583 
-2.367 
7.667 
15.850 
27.200 
39.850 
51.867 
61.583 
73.500 
85.583 
97.933 
109.917 
121.983 
133.333 
145.833 
157.667 
169.817 
181.583 

416.55 
416.46 
416.42 
416.37 
416.33 
416.30 
416.28 
416.27 
416.28 
416.30 
416.42 
416.45 
416.40 
416.30 
416.18 
416.00 
415.79 
415.67 
415.58 
415.49 
415 . 42 
415.32 
415.28 
415.25 
415.23 
415.21 
415.19 
415.17 
415.15 
415.12 
415.11 
415.08 
415.06 
415.00 
415.00 
414.99 
415.00 
414.96 
414.92 
414.90 
414 . 87 

36.74 
36.78 
36.80 
36.82 
36.84 
36.85 
36.86 
36.87 
36.86 
36.85 
36.80 
36.79 
36.81 
36.85 
36.91 
36.98 
37.08 
37.13 
37.17 
37.21 
37.24 
37.28 
37.30 
37.31 
37.32 
37.33 
37.34 
37.35 
37.36 
37.37 
37.38 
37.39 
37.40 
37.42 
37.42 
37.43 
37.42 
37.44 
37.46 
37.47 
37 . 48 

38.62 
38.59 
38.59 
38.59 
38.58 
38.58 
38.51 
38.49 
38.47 
38.44 
38.25 
38.18 
38.04 
37.95 
37.88 
37.81 
37.78 
37.80 
37.80 
37.78 
37.77 
37.77 
37.77 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.78 
37.77 
37.76 
37.75 
37.76 
37.77 
37.76 
37.77 

*Pressure = (500 ft - Depth to Water) X 0.4403 psi/ft 
+ Modified Pressure = (500 ft - {Depth to Water + [0.445 ft/240 hrs X (Elapsed Time - 530 hrs)]}) 
X 0.4403 psi/ft 

(continued) 
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Table A-9. (continued) 

Elapsed 
Time 

Day Hr Min (hr) 

Depth 
to Water 

(ft) 
Pressure 

(mi) 

20 10 45 
20 22 35 
21 11 0 
21 22 35 
22 10 25 
22 22 30 
23 11 21 
23 22 30 
24 10 45 
24 22 30 
25 10 25 
25 22 35 
26 11 12 
26 22 30 
27 10 28 
27 22 30 
28 11 28 
28 22 30 
29 11 20 
29 22 30 
30 10 42 
30 22 30 
31 11 6 
31 22 30 
32 10 44 
32 22 30 
33 10 49 
33 22 30 
34 11 17 
34 22 30 
35 10 33 
35 22 30 
36 15 12 
36 22 30 
37 11 20 
37 22 32 
38 10 36 
38 22 32 
39 10 35 
39 22 30 
40 11 8 

(continued) 

193.750 
205.583 
218.000 
229.583 
241.417 
253.500 
266.350 
277.500 
289.750 
301.500 
313.417 
325.583 
338.200 
349.500 
361.467 
373.500 
386.467 
397.500 
410.333 
421.500 
433.700 
445.500 
458.100 
469.500 
481.733 
493.500 
505.817 
517.500 
530.283 
541.500 
553.550 
565.500 
582.200 
589.500 
602.333 
613.533 
625.600 
637.533 
649.583 
661.500 
674.133 

414.85 
414.83 
414.82 
414.79 
414.75 
414.74 
414.73 
414.70 
414.67 
414.65 
414.63 
414.60 
414.55 
414.56 
414.55 
414.52 
414.50 
414.47 
414.47 
414.43 
414.42 
414.40 
414.38 
414.35 
414.33 
414.30 
414.29 
414.25 
414.23 
414.21 
414.20 
414.17 
414.15 
414.13 
414.12 
414.11 
414.10 
414.07 
414.06 
414.04 
414.01 

37.49 
37.50 
37.51 
37.52 
37.54 
37.54 
37.54 
37.56 
37.57 
37.58 
37.59 
37.60 
37.62 
37.62 
37.62 
37.64 
37.65 
37.66 
37.66 
37.68 
37.68 
37.69 
37.70 
37.71 
37.72 
37.73 
37.74 
37.76 
37.77 
37.77 
37.78 
37.79 
37.80 
37.81 
37.81 
37.82 
37.82 
37.84 
37.84 
37.85 
37.86 

Modified 
Pressure 

(psi) 

37.77 
37.77 
37.76 
37.76 
37.77 
37.77 
37.76 
37.76 
37.77 
37.77 
37.77 
37.77 
37.78 
37.77 
37.76 
37.77 
37.76 
37.77 
37.76 
37.77 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.77 
37.76 
37.76 
37.76 
37.76 
37.76 
37.76 
37.75 
37.75 
37.74 
37.75 
37.74 
37.74 
37.74 
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Table A-9. (continued) 

Elapsed 
Time 

Dav Hr Min 

Depth 
to Water 

40 22 30 
41 10 35 
41 22 30 
42 11 20 
42 22 30 
43 10 30 
43 22 41 
44 10 47 
44 22 30 
45 10 30 
45 22 35 
46 10 30 
46 22 35 
47 9 3 
47 22 39 
48 7 8 
48 10 42 
48 14 15 
48 20 59 
49 8 33 
49 14 10 
49 20 39 
50 9 0 
50 15 50 
50 22 59 
51 7 30 
51 15 11 
51 23 0 
52 9 32 
52 15 15 
52 23 18 
53 9 35 
53 15 15 
53 22 55 
54 9 10 
54 15 0 
54 23 15 
55 9 42 
55 14 48 
55 23 10 
57 9 30 

(continued) 

685.500 

709.500 
722.333 
733.500 
745.500 
757.683 
769.783 
781.500 
793.500 
805.583 
817.500 
829.583 
840.050 
853.650 
862.133 
865.700 
869.250 
875.983 
887.550 
893.167 
899.650 
912.000 
918.833 
925.983 
934.500 
942.183 
950.000 
960.533 
966.250 
974.300 
984.583 
990.250 
997.917 
1008.167 
1014.000 
1022.250 
1032.700 
1037.800 
1046.167 
1080.500 

697.583 
414.00 
414.00 
413.97 
413.96 
413.94 
413.92 
413.91 
413.90 
413.89 
413.86 
413.84 
413.82 
413.81 
413.79 
413.79 
413.76 
413.77 
413.77 
413.76 
413.75 
413.75 
413.73 
413.71 
413.72 
413.71 
413.70 
413.70 
413.70 
413.69 
413.68 
413.68 
413.67 
413.67 
413.66 
413.65 
413.64 
413.64 
413.63 
413.63 
413.62 
413.60 

Pressure 
(psi) 

37.87 
37. a7 
37.88 
37.88 
37.89 
37.90 
37.91 
37.91 
37.91 
37.93 
37.94 
37.95 
37.95 
37.96 
37.96 
37.97 
37.97 
37.97 
37.97 
37.98 
37.98 
37.98 
37.99 
37.99 
37.99 
38.00 
38.00 
38.00 
38.00 

38.01 
38.01 
38.01 
38.02 
38.02 
38.02 
38.02 
38.03 
38.03 
38.03 
38.04 

38.01 

Modified 
Pressure 

(psi) 

37.74 
37.73 
37.73 
37.73 
37.73 
37.73 
37.72 
37.71 
37.71 
37.71 
37.71 
37.71 
37.70 
37.70 
37.69 
37.70 
37.69 
37.69 
37.69 

37.68 

37.68 
37.67 
37.67 
37.67 
37.66 
37.66 
37.65 
37 65 
37-44 
37 I64 
37.63 
37.63 
37.63 
37.63 
37.62 
37.62 
37.61 
37.61 
37.59 

37.68 

37.68 
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Table A-9. (continued) 

Day Hr Min 

Elapsed 
Time 
(hr) 

Depth 
to Water 

(ft) 

56 10 8 
56 15 23 
56 23 6 
57 15 30 
57 23 3 
58 9 49 
58 15 47 
58 23 10 
59 9 53 
59 15 20 
59 23 10 
60 9 25 
60 15 30 
60 21 43 
61 10 43 
61 14 50 
61 21 30 
62 9 15 
62 15 35 
62 22 25 
63 10 42 
63 15 13 
63 22 20 
64 10 42 
64 15 20 
64 21 15 
65 15 10 
65 22 35 
66 9 20 
66 15 25 
66 22 35 
67 9 15 
67 14 35 
67 22 26 
68 10 58 
69 9 5 
70 10 54 
71 12 2 
72 11 28 
73 10 45 
74 10 50 

(continued) 

1057.133 
1062.383 
1070.100 
1086.500 
1094.050 
1104.817 
1110.783 
1118.167 
1128.883 
1134.333 
1142.167 
1152.417 
1158.500 
1164.717 
1177.717 
1181.833 
1188.500 
1200.250 
1206.583 
1213.417 
1225.700 
1230.217 
1237.333 
1249.700 
1254.333 
1250.250 
1278.167 
1285.583 

1302.417 
1309.583 
1320.250 
1325.583 
1333.433 
1345.967 
1368.083 
1393.900 
1419.033 
1442.467 
1465.750 
1489.833 

1296 333 

413 . 60 
413 . 61 
413.61 
413 . 60 
413.59 
413 . 58 
413.58 
413.57 
413.57 
413.56 
413.58 
413.58 
413 58 
413.57 
413.57 
413 . 57 
413 58 
413.58 
413 58 
413 58 
413.58 
413.59 
413.59 
413.59 
413.60 
413.59 
413.60 
413.60 
413.60 
413.60 
413.60 
413.60 
413.59 
413.60 
413.61 
413.61 
413.60 
413.61 
413.62 
413.62 

413 60 

Pressure 
(psi) 

38.04 
38.04 
38.04 
38.04 
38.04 
38.05 
38.05 
38.05 
38.05 
38.05 
38.06 
38.05 
38.05 
38.05 

38.05 
38.05 
38.05 
38.05 
38.05 
38.05 
38.05 
38.05 
38.05 
38.05 
38.04 
38.05 
38.04 
38.04 
38.04 
38.04 
38.04 
38.04 
38.05 
38.04 
38.04 

38.04 
38.04 
38.03 
38.03 

38.05 

38 04 

Modified 
Pressure 

(psi) 

37.61 
37.60 
37.60 
37.59 
37.58 
37.58 
37.58 
37.57 
37.57 
37.56 
37.56 
37.54 
37.54 
37.53 
37.53 
37.52 
37.52 
37 50 
37.50 
37.49 
37.48 
37.48 
37.47 
37.46 
37.45 
37.45 
37.44 
37.42 
37.42 
37.41 
37.41 
37.40 
37.39 
37.39 
37.38 
37.35 
37.33 
37.32 
37.29 
37.27 
37.25 
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Table A-9. (concluded) 

Elapsed 
Time 

Day Hr Min 

Depth 
to Water 

75 10 50 
76 11 5 
77 10 50 
78 11 58 
79 13 40 
80 12 55 
81 10 45 
82 10 40 
83 9 40 
84 11 25 
85 12 30 
86 13 15 
87 12 0 
88 10 35 
89 11 50 
91 10 35 
92 13 55 
93 10 0 
95 13 40 
96 13 25 
98 10 45 

100 11 2 
102 9 0 
103 11 30 
105 14 30 
108 11 5 
110 11 0 
113 9 55 
114 14 15 
118 11 55 
120 9 55 
126 10 10 
134 6 0 
135 8 48 

1513.833 
1538.083 
1561.833 
1586.967 
1612.667 
1635.917 
1657.750 
1681.667 
1704.667 
1730.417 
1755.500 
1780.250 
1803.000 
1825.583 
1850.833 
1897.583 
1924.917 
1945.000 
1996.667 
2020.417 
2065.750 
2114.033 
2160.000 
2186.500 
2237.500 
2306.083 
2354.000 
2424.917 
2453.250 
2546.917 
2592.917 
2737.167 
2925.000 
2951.800 

413.61 
413.60 
413.60 
413.59 
413.57 
413.57 
413.56 
413.55 
413.54 
413.53 
413.52 
413.51 
413.50 
413.49 
413.49 
413.46 
413.45 
413.44 
413.41 
413.40 
413.37 
413.34 
413.28 
413.26 
413.21 
413.15 
413.10 
413.02 
412.98 
412.87 
412.79 
412.54 
412.20 
412.15 

Pressure 
(psi) 

38.04 
38.04 
38.04 
38.05 
38.05 
38.05 
38.06 
38.06 
38.07 
38.07 
38.08 
38.08 
38.09 
38.09 
38.09 
38.10 
38.11 
38.11 
38.13 
38.13 
38.14 
38.16 
38.18 
38.19 
38.21 
38.24 
38.26 
38.30 
38.31 
38.36 
38.40 
38.51 
38.66 
38.68 

Modified 
Pressure 

(psi) 

37.23 
37.22 
37.20 
37.18 
37.17 
37.15 
37.14 
37.12 
37.11 
37.09 
37.08 
37.06 
37.05 
37.03 
37.01 
36.99 
36.97 
36.96 
36.93 
36.91 
36.89 
36.86 
36.85 
36.84 
36.82 
36.79 
36.77 
36.75 
36.74 
36.72 
36.71 
36.71 
36.70 
36.70 
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Table A-10. Water Levels and Pressures in Observation Well H-2b2 During the 
WIPP-13 Multipad Pumping Test 

Day Hr Min 

Elapsed 
Time 
(hr) 

Depth 
to Water 

(ft) 
336 10 20 
343 11 8 
349 11 55 
357 9 30 
363 13 15 
365 8 50 

2 11 25 
5 14 25 
7 11 45 
9 14 10 
10 11 25 
11 13 30 
12 6 35 
12 16 47 
13 0 48 
13 12 7 
14 0 46 
14 12 47 
14 22 39 
15 10 25 
15 22 30 
16 11 0 
16 23 5 
17 12 4 
17 22 27 
18 10 43 
18 22 35 
19 10 40 
19 22 30 
20 10 50 
20 22 30 
21 10 57 
21 22 30 
22 10 30 
22 22 25 
23 11 25 
23 22 35 
24 10 40 
24 22 35 
25 10 33 

-982.667 
-813.867 
-669.083 
-479.500 
-331.750 
-288.167 
-237.583 
-162.583 
-117.250 
-66.833 
-45.583 
-19.500 
-2.417 
7.783 
15.800 
27.117 
39.767 
51.783 
61.650 
73.417 
85.500 
98.000 
110.083 
123.067 
133.450 
145.717 
157.583 
169.667 
181.500 
193.833 
205.500 
217.950 
229.500 
241.500 
253.417 
266.417 
277.583 
289.667 
301.583 
313.550 

366.70 
366.57 
366.50 
366.34 
366.21 
366.17 
365.91 
365.81 
365.94 
365.88 
365.94 
365.98 
365.94 
365.88 
365.91 
365.78 
365.72 
365.62 
365.58 
365.68 
365.65 
365.65 
365.65 
365.58 
365.65 
365.65 
365.62 
365.62 
365.58 
365 . 68 
365.68 
365.62 
365.68 
365.72 
365.62 
365 . 52 
365.45 
365.42 
365.55 
365.55 

Pressure* 

14.52 
14.58 
14.61 
14.68 
14.73 
14.75 
14.86 
14.91 
14.85 
14.88 
14.85 
14.83 
14.85 
14.88 
14.86 
14.92 
14.95 
14.99 
15.01 
14.96 
14.98 
14.98 
14.98 
15.01 
14.98 
14.98 
14.99 
14.99 
15.01 
14.96 
14.96 
14.99 
14.96 
14.95 
14.99 
15.03 
15.06 
15.08 
15.02 
15.02 

(psi) 

Compensated+ 
Pressure 

(psi) 
14.52 
14.58 
14.61 
14.68 
14.73 
14.75 
14.86 
14.91 
14.85 
14.88 
14.85 
14.83 
14.85 
14.86 
14.84 
14.86 
14.85 
14 . 89 
14.93 
14.91 
14.91 
14.91 
14.91 
14.92 
14.93 
14.93 
14.94 
14 . 94 
14.97 
14.97 
14.96 
14.95 
14.97 
14.94 
14.95 
14.95 
14.96 
14.99 
14.99 
15.01 

Modified’ 
Pressure 

15.02 
15.02 
15.00 
15.00 
15.00 
15.00 
15.10 
15.12 
15.04 
15.05 
15.02 
14.99 
15.00 
15.01 
14.99 
15.00 
14.99 
15.02 
15.06 
15.03 
15.03 
15.03 
15.02 
15.03 
15.03 
15.03 
15.03 
15.03 
15.06 
15.05 
15.03 
15.02 
15.03 
15.00 
15.00 
15.00 
15.00 
15.03 
15.02 
15.04 

(Psi) 

*Pressure = (400 f t  - Depth to Water ) X 0.436 psi/ft 
+Compensated Pressure = Pressure + 0.6 (Barometric Pressure - 13.1 psi) 
#Modified Pressure = Compensated Pressure - [0.086 psi/240 hrs x (Elapsed Time - 420 hrs)] 

(continued) 

105 



Table A-10. (continued) 

Day Hr Min 

Elapsed 
Time 

25 22 30 
26 11 16 
26 22 25 
27 10 33 
27 22 25 
28 11 34 
28 22 25 
29 11 26 
29 22 25 
30 22 25 
31 11 12 
31 22 25 
32 10 40 
32 22 25 
33 10 29 
33 22 25 
34 11 13 
34 22 25 
35 10 28 
35 22 25 
36 15 16 
36 22 25 
37 11 25 
37 22 26 
38 10 31 
38 22 26 
39 10 30 
39 22 25 
40 10 52 
40 22 25 
41 10 30 
41 22 25 
42 10 50 
42 22 25 
43 10 34 
43 22 35 
44 10 52 
44 22 25 
45 10 25 
45 22 30 

(continued) 

325.500 
338.267 
349.417 
361.550 
373.417 
386.567 
397.417 
410.433 
421.417 
445.417 
458.200 
469.417 
481.667 
493.417 
505.483 
517.417 
530.217 
541.417 
553.467 
565.417 
582.267 
589.417 
602.417 
613.433 
625.517 
637.433 
649.500 
661.417 
673.867 
685.417 
697.500 
709.417 
721.833 
733.417 
745.567 
757 a 583 
769.867 
781.417 
793.417 
805.500 

Depth 
to Water 

(ft) 

365.65 
365.65 
365.65 
365.62 
365.55 
365.45 
365.42 
365.49 
365.49 
365.52 
365.39 
365.35 
365.42 
365.42 
365.42 
365.39 
365.42 
365.42 
365.45 
365.49 
365.68 
365.75 
365.81 
365.88 
365.88 
365.85 
365.81 
365.81 
365.85 
365.78 
365.75 
365.75 
365.78 
365.81 
365.81 
365.81 
365.78 
365.75 
365.62 
365.55 

Pressure 
(psi) 

14.98 
14.98 
14.98 
14.99 
15.02 
15.06 
15.08 
15.05 
15.05 
15.03 
15.09 
15.11 
15.08 
15.08 
15.08 
15.09 
15.08 
15.08 
15.06 
15.05 
14.96 
14.93 
14.91 
14.88 
14.88 
14.89 
14.91 
14.91 
14.89 
14.92 
14.93 
14.93 
14.92 
14.91 
14.91 
14.91 
14.92 
14.93 
14.99 
15.02 

Compensated 
Pressure 

(psi) 

14.98 
15.00 
14.98 
14.98 
14.98 
15.01 
15.01 
15.02 
15.02 
15.00 
15.00 
15.02 
15.01 
15.01 
15.01 
15.01 
15.01 
15.00 
15.00 
14.99 
14.99 
14.98 
14.97 
14.94 
14.95 
14.92 
14.93 
14.93 
14.92 
14.90 
14.91 
14.90 
14.90 
14.87 
14.89 
14.87 
14.87 
14.83 
14.84 
14.86 

Modified 
Pressure 

(psi) 

15.01 
15.02 
15.00 
15.00 
14.99 
15.01 
15.01 
15.02 
15.02 
14.98 
14.98 
15.00 
14.98 
14.98 
14.98 
14.97 
14.97 
14.95 
14.95 
14.94 
14.93 
14.92 
14.90 
14.87 
14.87 
14.84 
14.85 
14.85 
14.83 
14.81 
14.81 
14.80 
14.79 
14.76 
14.77 
14.75 
14.74 
14.70 
14.70 
14.72 
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Table A-10. (continued) 

Elapsed Depth Compensated Modified 
to Water Pressure Pressure Pressure Time 

Day Hr Min (hr) (ft) (psi) (psi) (psi) 

46 10 25 
46 22 30 
47 9 6 
47 22 32 
48 7 13 
48 10 46 
48 14 10 
48 20 55 
49 2 7 
49 8 26 
49 14 6 
49 20 44 
50 2 39 
50 9 5 
50 16 35 
50 23 5 
51 7 35 
51 15 14 
51 23 5 
52 9 37 
52 15 20 
52 23 24 
53 9 40 
53 15 20 
53 23 0 
54 9 15 
54 15 5 
54 23 20 
55 9 47 
55 14 53 
55 23 15 
56 10 25 
56 15 30 
56 23 11 
57 9 33 
57 15 35 
57 23 7 
58 9 53 
58 21 25 
59 9 58 

(continued) 

817.417 
829.500 
840.100 
853.533 
862.217 
865.767 
869.167 
875.917 
881.117 
887.433 
893.100 

905.650 
912.083 
919.583 
926.083 
934.583 
942.233 
950.083 
960.617 
966.333 
974.400 
984.667 
990.333 
998.000 
1008.250 
1014.083 
1022.333 
1032.783 

1046.250 
1057.417 
1062.500 
1070.183 
1080.550 
1086.583 
1094.117 
1104.883 
1116.417 
1128.967 

899.733 

1037. a83 

365.72 
365.75 
365.75 
365.85 
365.94 
365.98 
366.01 
366.01 
366.04 
366.04 
366.04 
365.98 
366.01 
366.04 
366.08 
366.11 
366.17 
366.24 
366.27 
366.21 
366.21 
366.27 
366.31 
366.31 
366.34 
366.24 
366.17 
366.24 
366.27 
366.27 
366.34 
366.34 
366.31 
366.37 
366.37 
366.37 
366.37 
366.40 
366.44 
366.54 

14.95 
14.93 
14.93 
14.89 
14.85 
14.83 
14.82 
14.82 
14.81 
14.81 
14.81 
14.83 
14.82 
14.81 
14.79 
14.78 
14.75 
14.72 
14.71 
14.73 
14.73 
14.71 
14.69 
14.69 
14.68 
14.72 
14.75 
14.72 
14.71 
14.71 
14.68 
14.68 
14.69 
14.66 
14.66 
14.66 
14.66 
14.65 
14.63 
14.59 

14.86 
14.84 
14.84 
14.82 
14.82 
14.80 
14.78 
14.78 
14.76 
14.76 
14.73 
14.74 
14.73 
14.74 
14.72 
14.73 
14.74 
14.70 
14.69 
14.69 
14.67 
14.68 
14.67 
14.64 
14.61 
14.62 
14.61 
14.62 
14.62 
14.61 
14.59 
14.59 
14.58 
14.56 
14.57 
14.55 
14.57 
14.54 
14.53 
14.52 

14.71 
14.69 
14.69 
14.67 
14.65 
14.64 
14.62 
14.62 
14.60 
14.59 
14.56 
14.57 
14.56 
14.56 
14.54 
14.55 
14.56 
14.52 
14.50 
14.49 
14.47 
14.48 
14.47 
14.43 
14.40 
14.41 
14.40 
14.40 
14.40 
14.38 
14.36 
14.36 
14.35 
14.33 
14.33 
14.31 
14.32 
14.29 
14.28 
14.26 
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Table A-10. (continued) 

E 1 apse d Depth 
Time to Water 

Day Hr Min (hr) (ft) 

59 21 25 
60 9 30 
60 15 35 
60 21 37 
61 10 48 
61 14 46 
61 21 35 
62 9 20 
62 22 30 
63 10 48 
63 22 25 
64 10 46 
64 22 20 
65 19 5 
65 22 40 
66 9 25 
66 22 40 
67 9 20 
67 22 32 
68 11 2 
69 9 10 
70 9 5 
71 12 10 
72 11 14 
73 10 50 
74 10 55 
75 10 55 
76 11 10 
77 10 55 
78 13 2 
79 13 20 
82 10 45 
84 11 30 
86 13 10 
89 12 10 
91 10 40 
93 10 15 
96 14 0 
98 12 30 
100 10 35 
(continued) 

1140.4 17 
1152.500 
1158.583 
1164.617 
1177.800 
1181.767 
1188.583 
1200.333 
1213.500 
1225.800 
1237.4 17 
1249.767 
1261.333 
1282.083 
1285.667 
1296.417 
1309.667 
1320.333 
1333.533 
1346.033 
1368.167 
1392.083 
1419.167 
1442.233 
1465.833 
1489.917 
1513.917 
1538.167 
1561.917 
1588.033 
1612.333 
1681.750 
1730.500 
1780.167 
1851.167 
1897.667 
1945.250 
2021.000 
2067.500 
2113.583 

366.60 
366.73 
366.77 
366.73 
366.80 
366.80 
366.80 
366.93 
367.03 
367.03 
367.19 
367.13 
367.13 
367.06 
367.06 
367.06 
367.06 
367.03 
367.03 
367.13 
367.26 
367.36 
367.39 
367.42 
367.22 
367.22 
367.13 
367.13 
367.22 
367.26 
367.26 
367.19 
367.36 
367.26 
367.59 
367.36 
367.42 
367.32 
367.32 
367.09 

Pressure 
(psi) 

14.56 
14.51 
14.49 
14.51 
14.47 
14.47 
14.47 
14.42 
14.38 
14.38 
14.30 
14.33 
14.33 
14.36 
14.36 
14.36 
14.36 
14.38 
14.38 
14.33 
14.28 
14.23 
14.22 
14.21 
14.29 
14.29 
14.33 
14.33 
14.29 
14.28 
14.28 
14.30 
14.23 
14.28 
14.13 
14.23 
14.21 
14.25 
14.25 
14.35 

Compensated 
Pressure 

(psi) 

14.51 
14.49 
14.44 
14.46 
14.44 
14.42 
14.44 
14.44 
14.42 
14.44 
14.36 
14.36 
14.32 
14.32 
14.32 
14.32 
14.30 
14.30 
14.29 
14.29 
14.27 
14.25 
14.22 
14.19 
14.20 
14.19 
14.18 
14.17 
14.17 
14.16 
14.16 
14.17 
14.16 
14.16 
14.14 
14.17 
14.19 
14.24 
14.25 
14.30 

Modified 
Pressure 

(psi) 

14.25 
14.22 
14.17 
14.20 
14.17 
14.15 
14.17 
14.16 
14.13 
14.15 
14.06 
14.07 
14.02 
14.01 
14.01 
14.00 
13.98 
13.98 
13.96 
13.96 
13.93 
13.90 
13.87 
13.82 
13.83 
13.80 
13.79 
13.77 
13.76 
13.74 
13.73 
13.72 
13.69 
13.68 
13.63 
13.64 
13.64 
13.66 
13.66 
13.69 
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Table A- 10. (concluded) 

Elapsed 
Time 

Dav Hr Min (hr) 

Depth 
to Water 

(ft) 

103 11 50 2186.833 
105 14 50 2237.833 
108 11 9 2306.150 
110 11 20 2354.333 
113 10 30 2425.500 
114 9 10 2448.167 
118 12 0 2547.000 
120 10 20 2593.333 
126 10 35 2737.583 
135 15 25 2958.417 

366.99 
366.99 
366.70 
366.80 
366.77 
366.73 
366.70 
366.40 
366.37 
365.91 

Pressure 
(psi) 

14.39 
14.39 
14.52 
14.47 
14.49 
14.51 
14.52 
14.65 
14.66 
14.86 

Compensated Modified 
Pressure Pressure 

(psi) (psi) 

14.36 
14.32 
14.41 
14.45 
14.47 
14.50 
14.54 
14.65 
14.66 
14.86 

13.72 
13.67 
13.74 
13.76 
13.75 
13.77 
13.78 
13.87 
13.83 
13.95 
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Table A-1 1. Water Levels in Observation Well H-3b2 
During the WIPP-13 Multipad Pumping Test 

Elapsed 
Time 

Day Hr Min 

Depth 
to Water 

336 11 48 
343 13 15 
349 13 8 
357 9 16 
363 13 46 
365 11 12 
5 14 15 
8 9 25 
9 13 50 
12 19 50 
14 13 15 
16 15 40 
19 17 10 
20 9 25 
21 10 40 
23 15 34 
26 15 50 
28 8 55 
30 15 19 
33 10 39 
35 9 18 
37 15 16 
40 11 2 
42 15 0 
44 16 58 
47 10 13 
49 13 12 
51 13 8 
54 10 45 
56 10 15 
58 13 6 
61 13 5 
63 16 13 
65 15 19 
68 11 14 
70 10 4 
72 11 24 
75 14 50 
77 11 25 
79 13 30 
83 9 50 
84 11 20 

(continued) 

-981.200 
-811.750 
-667.867 
-479.733 
-331.233 
-285.808 
-162.750 
-95.583 
-67.167 
10.833 
52.250 
102.667 
176.167 
192.417 
217.667 
270.567 
342.833 
383.917 
438.317 
505.650 
552.300 
606.267 
674.033 
726.000 
775.967 
841.217 
892.200 
940.133 
1009.750 
1057.250 
1108.100 
1180.083 
1231.217 
1278.317 
1346.233 
1393.067 
1442.400 
1517.833 
1562.417 
1612.500 
1704.833 
1730.333 

414.11 
413.88 
413.71 
413.52 
413.32 
413.29 
412.86 
412.93 
412.89 
412.86 
412.47 
412.73 
412.60 
412.83 
412.60 
412.66 
412.40 
412.34 
412.37 
412.14 
412.11 
412.40 
412.37 
411.88 
411.75 
412.01 
411.88 
411.94 
411.68 
411.71 
411.42 
411.65 
411.84 
411.42 
411.55 
411.58 
411.61 
411.29 
411.15 
411.09 
411.29 
411.32 
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Table A-1 1. (concluded) 

Elapsed Depth 
Time to Water 

Day Hr Min (hd (ft) 

86 13 36 
89 12 0 
91 14 45 
93 10 10 
96 13 40 
98 10 55 
100 10 46 
103 11 35 
105 14 40 
114 14 11 
135 12 55 

1780.600 
1851.000 
1901.750 
1945.167 
2020.667 
2065.917 
2113.767 
2186.583 
2237.667 
2453.183 
2955.917 

411.32 
411.52 
410.99 
411.19 
411.25 
411.19 
411.08 
410.99 
410.70 
410.79 
410.40 
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Table A-12. Water Levels in Observation Well H-5b 
During the WIPP-13 Multipad Pumping Test 

Dav Hr Min 
339 10 45 
357 11 27 
363 13 4 
6 11 17 
9 14 35 
13 11 5 
14 13 45 
16 17 0 
19 16 45 
21 11 15 
23 14 46 
26 16 50 
28 9 40 
30 14 56 

35 9 48 
37 17 15 
40 9 37 
42 14 20 
44 18 25 
47 11 7 
49 12 0 
51 12 50 
54 9 55 
56 11 5 
58 13 28 
61 12 15 
63 15 2 
65 13 15 
68 16 30 
70 8 40 
72 10 12 
75 14 30 
77 11 45 

92 12 10 
100 9 55 
106 10 0 
114 13 5 
136 11 40 

33 a 55 

a5 11 55 

Elapsed 
Time 
(hr) 

-910.250 
-477.550 
-331.933 
-141.717 
-66.417 
26.083 
52.750 
104.000 
175.750 
218.250 
269.767 
343.833 
384.667 
437.933 
503.917 
552.800 
608.250 
672.617 
725.333 
777.417 

891.000 
939.833 
1008.917 
1058.083 
1108.467 
1179.250 
1230.033 
1276.250 
1351.500 
1391.667 
1441.200 
1517.500 
1562.750 
1754.917 
1923.167 
2112.917 
2257.000 
2452.083 
2978.667 

1342.117 

Depth 
to Water 

486.84 
486.61 
486.68 

486.42 
486.48 
486.19 
486.55 
486.45 

486.45 
486.25 
486.52 
486.42 
486.29 
486.25 
486.58 
486.65 
486.15 
486.12 
486.35 
486.25 
486.35 
486.22 
486.15 
486.02 
486.12 
486.29 
486.09 
485.96 
486.35 
486.38 
486 . 09 
485.93 
486.32 
486.45 
486 . 25 
488.85 
486.42 
486.48 

486.48 

486.48 
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Table A-13. Water Levels and Pressures in Observation Well H-6a 
During the WIPP-13 Multipad Pumping Test 

Elapsed Depth 
Time to Water Pressure* 

Day Hr Min (hr) (ft) (psi) 
336 10 10 
343 10 22 
349 10 25 
363 11 50 
365 9 25 
2 11 0 
5 10 42 
6 14 8 
7 14 0 
9 14 55 

10 10 40 
11 14 0 
12 7 33 
12 9 2 
12 10 5 
12 11 0 
12 12 13 
12 13 0 
12 14 0 
12 15 0 
12 16 0 
12 16 57 
12 19 0 
12 20 30 
12 21 30 
12 22 0 
12 23 13 
13 0 15 
13 1 45 
13 3 11 
13 4 1 
13 5 4 
13 6 4 
13 7 0 
13 8 25 
13 9 37 
13 10 25 
13 11 31 
13 12 33 
13 13 30 
13 14 30 

-982 . 833 
-814 . 633 
-670 . 583 
-333.167 
-287.583 
-238.000 
-166.300 
-138 . 867 
-115.000 
-66.083 
-46.333 
-19.000 
-1.450 
0.033 
1.083 
2.000 
3.217 
4 . 000 
5.000 
6.000 
7.000 
7 950 
10 . 000 
11.500 
12.500 
13.000 
14.217 
15.250 
16.750 
18.183 
19.017 
20.067 
21.067 
22 . 000 
23.417 
24.617 
25.417 
26.517 
27 . 550 
28 . 500 
29 . 500 

303.08 
303.08 
303.08 
303.02 

302.69 
302.72 
302.72 
302.89 
302.95 
303.25 
303.25 
303.22 
303.15 
303 . 18 
303.18 
303.15 
303.12 
303 . 08 
303.08 
303.08 
303.12 
303.22 
303.28 
303.35 
303.38 
303.44 
303 . 44 
303.44 
303.48 
303.48 
303.51 
303.58 
303.61 
303.71 
303 . 77 
303.84 
303.87 
303.87 
303.90 
303.94 

302 85 

43.76 
43.76 
43 . 76 
43.79 
43 86 
43.94 
43.92 
43.92 
43 . 84 
43.82 
43.68 
43.68 
43.70 
43.73 
43.71 
43 . 71 
43.73 
43.74 
43.76 
43.76 
43.76 
43.74 
43.70 
43.67 
43.64 
43.62 
43.60 
43.60 
43.60 
43.58 
43.58 
43.56 
43.53 
43.52 
43.48 
43.45 
43.42 
43.40 
43.40 
43.39 
43.37 

*Pressure = (400 ft - Depth to Water) X 0.4515 psi/ft 

(continued) 
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Table A-13. (continued) 

Elapsed 
Time 

Dav Hr Min 

Depth 
to Water Pressure 

(psi) 
13 15 30 
13 16 30 
13 17 30 
13 18 30 
13 19 30 
13 20 35 
13 21 54 
13 23 44 
14 1 31 
14 4 55 
14 7 0 
14 9 40 
14 11 0 
14 13 15 
14 15 0 
14 17 35 
14 21 35 
15 7 35 
15 11 30 
15 15 30 
15 19 35 
15 23 30 
16 7 35 
16 19 30 
16 23 35 
17 7 35 
17 19 35 
18 7 30 
18 19 35 
19 7 30 
19 19 35 
20 7 30 
20 19 25 
21 7 35 
21 19 25 
22 7 35 
22 19 25 
23 7 30 
23 19 25 
24 7 30 
24 19 25 

(continued) 

30.500 
31.500 
32.500 
33.500 
34.500 
35.583 
36.900 
38.733 
40.517 
43.917 
46.000 
48.667 
50.000 
52.250 
54 . 000 
56.583 
60.583 
70.583 
74.500 
78.500 
82.583 
86.500 
94.583 
106.500 
110.583 
118.583 
130.583 
142.500 
154.583 
166.500 
178.583 
190.500 
202.417 
214.583 
226.417 
238.583 
250.417 
262.500 
274.417 
286.500 
298.417 

303.97 
304.00 
304.10 
304.17 
304.27 
304.36 
304.46 
304.59 
304 . 66 
304.76 
304.86 
305.12 
305.18 
305.25 
305.31 
305.45 
305.64 
306.40 
306.66 
306.79 
306.96 
307.32 
307.58 
308.14 
308.46 
308.66 
309.19 
309.71 
310.04 
310.50 
310.86 
311.35 
311.71 
311.88 
312.37 
312.73 
312.93 
313.06 
313.25 
313.48 
313.98 

43.36 
43.34 
43.30 
43.27 
43.22 
43.18 
43.14 
43.08 
43.05 
43.00 
42.96 
42.84 
42.81 
42.78 
42.75 
42.69 
42.60 
42.26 
42.14 
42.08 
42.01 
41.84 
41.73 
41.48 
41.33 
41.24 
41.00 
40.77 
40.62 
40.41 
40.25 
40.02 
39.86 
39.79 
39.56 
39.40 
39.31 
39.25 
39.17 
39.06 
38.84 
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Table A-13. (continued) 

Elapsed 
Time 

Dav Hr Min (hr) 

Depth 
to Water 

(ft) 

25 7 30 
25 19 25 
26 7 35 
26 19 25 
27 7 40 
27 19 25 
28 9 15 
29 8 30 
30 10 54 
31 8 30 
32 7 30 
33 8 15 
34 10 20 
35 8 28 
36 15 5 
37 6 35 
38 8 25 
39 9 10 
40 9 4 
41 11 30 
42 8 30 
43 10 52 
44 11 6 
45 8 43 
46 8 25 
47 10 26 
48 9 0 
48 10 0 
48 10 55 
48 11 55 
48 13 0 
48 13 55 
48 15 12 
48 16 0 
48 17 5 
48 17 55 
48 19 0 
48 19 55 
48 21 10 
48 22 0 
48 22 54 

(continued) 

310.500 
322.417 
334.583 
346.417 
358.667 
370.417 
384.250 
407.500 
433.900 
455.500 
478.500 
503.250 
529.333 
551.467 
582.083 
597.583 
623.417 
648.167 
672.067 
698.500 
719.500 
745.867 
770.100 
791.717 
815.417 

864.000 
865.000 
865.917 
866.917 
868.000 
868.917 
870.200 
871.000 
872.083 
872.917 
874.000 
874.917 
876.167 
877.000 
877.900 

841.433 

314.17 
314.53 
314.80 
314.96 
315.06 
315.22 
315.45 
315.78 
316.31 
316.34 
316.67 
317.03 
317.26 
317.55 
318.14 
318.34 
318.57 
318.67 
318.90 
318.93 
319.13 
319.36 
319.42 
319.29 
319.62 
319.85 
320.11 
320.14 
320.14 
320.18 
320.21 
320.21 
320.21 
320.18 
320.14 
320.11 
320.08 
320.05 
320.05 
320.01 
320.01 

Pressure 
(psi) 

38.75 
38.59 
38.47 
38.40 
38.35 
38.28 
38.17 
38.02 
37.79 
37.77 
37.62 
37.46 
37.36 
37.23 
36.96 
36.87 
36.77 
36.72 
36.62 
36.60 
36.51 
36.41 
36.38 
36.44 
36.29 
36.19 
36.07 
36.06 
36.06 
36.04 
36.02 
36.02 
36.02 
36.04 
36.06 
36.07 
36.08 
36.10 
36.10 
36.12 
36.12 
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Table A-13. (continued) 

49 0 0 
49 0 55 
49 2 0 
49 2 55 
49 4 0 
49 4 55 
49 6 0 
49 6 55 
49 8 5 
49 9 1 
49 11 30 
49 13 0 
49 15 0 
49 17 0 
49 19 5 
49 20 55 
49 23 0 
50 0 55 
50 3 0 
50 4 55 
50 7 0 
50 8 9 
50 12 11 
50 16 15 
50 20 15 
50 23 24 
51 8 8 
51 12 12 
51 15 30 
51 23 25 
52 8 30 
52 14 10 
52 22 10 
53 8 35 
53 14 10 
53 23 21 
54 8 5 
55 8 43 
56 8 25 
57 8 54 
58 10 4 

(continued) 

Elapsed Depth 
Time to Water Pressure 

Dav Hr Min (hr) (ft) (psi) 

879.000 
879.917 
881.000 
881.917 
883.000 
883.917 
885.000 
885.917 
887.083 
888.017 
890.500 
892.000 
894.000 
896.000 
898.083 
899.917 
902.000 
903.917 
906.000 
907.917 
910.000 
911.150 
915.183 
919.250 
923.250 
926.400 
935.133 
939.200 
942.500 
950.417 
959.500 
965.167 
973.167 
983.583 
989.167 
998.350 

1007.083 
1031.717 
1055.417 
1079.900 
1105.067 

320.01 
319.98 
319.95 
319.91 
319.88 
319.78 
319.72 
319.65 
319.59 
319.55 
319.46 
319.36 
319.26 
319.13 
319.00 
318.86 
318.77 
318.67 
318.57 
318.44 
318.34 
318.34 
318.14 
317.98 
317.75 
317.59 
317.22 
317.09 
316.96 
316.50 
316.04 
315.78 
315.58 
315.19 
314.90 
314.57 
314.14 
313.48 
312.86 
312.24 
311.68 

36.12 
36.13 
36.14 
36.16 
36.17 
36.22 
36.25 
36.28 
36.30 
36.32 
36.36 
36.41 
36.45 
36.51 
36.57 
36.63 
36.67 
36.72 
36.77 
36.82 
36.87 
36.87 
36.96 
37.03 
37.14 
37.21 
37.38 
37.43 
37.49 
37.70 
37.91 
38.02 
38.12 
38.29 
38.42 
38.57 
38.77 
39.06 
39.34 
39.62 
39.88 

116 



Table A-13. (concluded) 

Elapsed Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 
59 8 45 
60 8 25 
61 10 0 
62 8 10 
63 8 56 
64 8 15 
65 12 6 
66 8 15 
67 8 15 
68 9 22 
69 8 41 
70 9 20 
71 11 26 
72 10 34 
73 9 40 
74 9 40 
75 9 40 
76 9 55 
77 9 40 
78 10 32 
79 12 55 
82 9 35 
84 10 5 
86 10 38 
89 10 40 
91 9 45 
93 9 5 
96 11 30 
98 9 35 
100 10 7 
103 10 0 
105 13 25 
106 10 22 
108 9 50 
110 9 45 
113 9 0 
114 13 16 
119 9 50 
120 9 15 
126 14 10 
135 14 55 

1127.750 
1151.417 
1177.000 
1199.167 
1223.933 
1247.250 
1275.100 
1295.250 
1319.250 
1344.367 
1367.683 
1392.333 
1418.433 
1441.567 
1464.667 
1488.667 
1512.667 
1536.917 
1560.667 
1585.533 
1611.917 
1680.583 
1729.083 
1777 . 633 
1849.667 
1896.750 
1944.083 
2018.500 
2064.583 
2113.117 
2185.000 
2236.417 
2257 . 367 
2304.833 
2352.750 
2424.000 

2568.833 
2592.250 
2741.167 
2957.917 

2452 267 

311.29 
311.02 
310.60 
310.33 
310.14 
309 . 88 
309.28 
308.99 
308.69 
308.53 
308.43 
308.27 
308.01 
307.81 ’ 
307.41 
307.25 
307.02 
306.86 
306.82 
306.73 
306.59 
306.23 
306.23 
305.91 
306.04 
305.58 
305.54 
305.38 
305.31 
305.09 
305.12 
305.02 
304.89 
304.66 
304.76 
304.72 
304 . 66 
304.43 
304.27 
304.36 
304.20 

40.05 
40.17 
40.36 
40.49 
40.57 
40.69 
40.96 
41.09 
41.23 
41.30 
41.34 
41.42 
41.53 
41.62 
41.80 
41.80 
41.98 
42.05 
42.07 
42.11 
42.17 
42.34 
42.34 
42.40 
42.42 
42.63 
42 . 65 
42.72 
42.75 
42.85 
42.84 
42 . 88 
42.94 
43.05 
43.00 
43.02 
43.05 
43.15 
43.22 
43.18 
43.25 
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Table A-14. Water Levels and Pressures in Observation Well H-6b 
During the WIPP-13 Multipad Pumping Test 

Elapsed Depth 
Time to Water Pressure* 

Day Hr Min 

338 14 5 
357 12 5 
363 11 58 
365 9 32 
12 9 13 
12 10 0 
12 11 5 
12 12 0 
12 13 5 
12 13 55 
12 15 5 
12 15 55 
12 17 2 
12 18 11 
12 18 55 
12 20 36 
12 21 37 
12 22 9 
12 23 5 
13 0 21 
13 1 53 
13 3 5 
13 4 9 
13 4 55 
13 6 11 
13 6 55 
13 8 28 
13 9 32 
13 10 29 
13 11 27 
13 12 37 
13 13 25 
13 14 35 
13 15 36 
13 16 35 
13 17 35 
13 18 34 
13 19 35 
13 20 30 
13 21 37 
13 23 40 

-930.917 
-476.917 
-333.033 
-287.467 

0.217 
1.000 
2.083 
3.000 
4 . 083 
4.917 
6.083 
6.917 
8.033 
9.183 
9.917 
11.600 
12.617 
13.150 
14.083 
15.350 
16.883 
18.083 
19 . 150 
19.917 
21.183 
21.917 
23.467 
24.533 
25.483 
26.450 
27.617 
28.417 
29.583 
30.600 
31.583 
32.583 
33.567 
34.583 
35.500 
36.617 
38.667 

303 . 71 
303 . 35 
303.54 
303 . 44 
303.64 
303.67 
303.67 
303 . 64 
303 . 61 
303.58 
303.58 
303.58 
303 . 61 
303.64 
303.71 
303.77 
303 84 
303 . 87 
303 . 94 
303.97 
303 . 97 
304.00 
304.00 
304.04 
304.10 
304.13 
304.27 
304.33 
304.36 
304.40 
304.40 
304.40 
304.46 
304.49 
304.56 
304.63 
304 . 69 
304.79 
304.89 
305.02 
305.15 

*Pressure = (400 ft - Depth to Water) X 0.4515 psi/ft 

(continued) 

43.48 
43.64 
43.55 
43.60 
43.51 
43.49 
43.49 
43.51 
43.52 
43.53 
43.53 
43.53 
43.52 
43.51 
43.48 
43.45 
43.42 
43.40 
43.37 
43.36 
43.36 
43.34 
43.34 
43.33 
43.30 
43.28 
43.22 
43.20 
43.18 
43.16 
43.16 
43.16 
43.14 
43.12 
43.09 
43.06 
43.03 
42.99 
42.94 
42.88 
42.83 
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Table A-14. (continued) 

Elapsed Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 

14 1 35 
14 4 45 
14 7 10 
14 9 46 
14 11 4 
14 13 20 
14 15 4 
14 17 30 
14 19 30 
14 21 30 
14 23 28 
15 7 30 
15 11 35 
15 15 35 
15 19 30 
15 23 25 
16 7 30 
16 19 35 
16 23 40 
17 7 30 
17 19 30 
18 7 37 
18 19 30 
19 7 35 
19 19 30 
20 7 35 
20 19 30 
21 7 30 
21 19 30 
22 7 30 
22 19 30 
23 7 35 
23 19 30 
24 7 35 
24 19 30 
25 7 30 
25 19 30 
26 7 30 
26 19 30 
27 7 35 
27 19 30 

(continued) 

40.583 
43 . 750 
46.167 
48 . 767 
50.067 
52.333 
54.067 
56.500 
58 . 500 
60.500 
62.467 
70.500 
74 . 583 
78.583 
82 . 500 
86.417 
94 . 500 
106.583 
110.667 
118.500 
130.500 
142 . 617 
154 . 500 
166.583 
178.500 
190.583 
202.500 
214.500 
226.500 
238.500 
250.500 
262.583 
274.500 
286.583 
298.500 
310.500 
322.500 
334.500 
346.500 
358.583 
370.500 

305.22 
305.31 
305.41 
305.61 
305.71 
305.81 
305.87 
306.04 
306.23 
306.36 
306.43 
306.99 
307.22 
307.38 
307.51 
307.78 
308.20 
308.76 
309.09 
309.28 
309.84 
310.33 
310.70 
311.19 
311.55 
312.04 
312.40 
312.63 
313.09 
313.48 
313.62 
313.75 
313.98 
314.21 
314.73 
314.93 
315.29 
315.49 
315.72 
315.85 
316.01 

42.79 
42.75 
42.71 
42.62 
42.57 
42.53 
42.50 
42.42 
42.34 
42.28 
42.25 
41.99 
41.89 
41.82 
41.76 
41.64 
41.45 
41.20 
41.05 
40.96 
40.71 
40.49 
40.32 
40.10 
39.94 
39.71 
39.55 
39.45 
39.24 
39.06 
39.00 
38.94 
38.84 
38.73 
38.50 
38.41 
38.25 
38.16 
38.05 
37.99 
37.92 
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Table A-14. (continued) 

Elapsed Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 
28 9 11 
28 18 30 
29 8 35 
29 20 30 
30 11 0 
30 20 30 
31 8 36 
31 20 30 
32 7 38 
32 20 30 
33 8 23 
33 20 30 
34 10 24 
34 20 30 
35 8 35 
35 20 30 
36 15 9 
36 20 30 
37 6 40 
37 20 30 
38 8 31 
38 20 30 
39 9 16 
39 20 30 
40 9 8 
40 20 30 
41 11 35 
41 20 30 
42 8 35 
42 20 30 
43 10 46 
43 20 30 
44 11 10 
44 20 30 
45 8 50 
45 20 30 
46 8 30 
46 20 35 
47 10 22 
47 20 30 
48 9 5 

(continued) 

384 . 183 
393.500 
407.583 
419.500 
434.000 
443.500 
455.600 
467.500 
478.633 
491.500 
503.383 
515.500 
529.400 
539.500 
551.583 
563.500 
582.150 
587.500 
597.667 
611.500 
623.517 
635.500 
648.267 
659.500 
672 . 133 
683.500 
698.583 
707.500 
719.583 
731.500 
745.767 
755.500 
770.167 
779.500 
791.833 
803 . 500 
815.500 
827.583 
841.367 
851.500 
864.083 

316.14 
316.34 
316.57 
316.77 
317.09 
317.09 
317.03 
317.22 
317.42 
317.62 
317.75 
317.88 
318.08 
318.18 
318.34 
318.54 
318.93 
319.09 
319.13 
319.36 
319.39 
319.49 
319.49 
319.65 
319.72 
319.78 
319.78 
319.91 
319.95 
320.08 
320.21 
320.21 
320.28 
320.21 
320.14 
320.18 
320.47 
320.54 
320.70 
320.80 
320.96 

37.86 
37.77 
37.67 
37.58 
37.43 
37.43 
37.46 
37 . 38 
37.28 
37.20 
37.14 
37.08 
36.99 
36.94 
36.87 
36.78 
36.60 
36.53 
36.51 
36.41 
36.40 
36.35 
36.35 
36.28 
36.25 
36.22 
36.22 
36.16 
36.14 
36.08 
36.02 
36.02 
35.99 
36.02 
36.06 
36.04 
35.91 
35.88 
35.80 
35.76 
35.69 
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Table A-14. (continued) 

Elapsed Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (Psi) 

48 9 55 
48 11 0 
48 12 0 
48 12 57 
48 13 58 
48 15 8 
48 16 4 
48 17 0 
48 18 0 
48 18 55 
48 19 58 
48 21 15 
48 21 55 
48 23 0 
48 23 55 
49 1 0 
49 1 55 
49 3 0 
49 3 55 
49 5 0 
49 5 55 
49 7 0 
49 8 0 
49 9 6 
49 11 25 
49 13 5 
49 14 55 
49 17 5 
49 19 0 
49 21 0 
49 22 55 
50 1 0 
50 2 55 
50 5 0 
50 6 55 

50 12 15 
50 16 20 
50 20 20 
50 23 20 
51 8 15 

50 a 14 

(continued) 

864.917 
866.000 
867 . 000 
867.950 
868.967 
870.133 
871.067 
872.000 
873 . 000 
873 . 917 
874 . 967 
876.250 
876.917 
878.000 
878 . 917 
880.000 
880 . 917 
882 . 000 
882 . 917 
884.000 
884.917 
886.000 
887.000 
888.100 
890.417 
892.083 
893 . 917 
896.083 
898 . 000 
900.000 
901.917 
904 . 000 
905.917 
908 . 000 
909 . 917 
911.233 
915.250 
919 . 333 
923 . 333 
926.333 
935.250 

321.00 
321.03 
321.06 
321.10 
321.10 
321.06 
321.03 
321.00 
320.96 
320.93 
320.90 
320.90 
320.87 
320.87 
320.83 
320.80 
320.77 
320.73 
320.70 
320.60 
320.57 
320.51 
320.41 
320.37 
320.28 
320.21 
320.08 
319.95 
319 . 78 
319 . 65 
319.59 
319 . 49 
319.42 
319.29 
319.19 
319.09 
318.90 
318.77 
318.54 
318.34 
317.98 

35.67 
35.66 
35.64 
35.62 
35.62 

35.66 
35.67 
35.69 
35.70 
35.71 
35.71 
35.73 
35.73 
35.74 
35.76 
35.77 
35.79 
35.80 
35.85 
35.86 
35.89 
35.94 
35.95 
35.99 
36.02 
36.08 
36.14 
36.22 
36.28 
36.30 
36.35 
36.38 
36.44 
36.49 
36.53 
36.62 
36.67 
36.78 
36.87 
37.03 

35.64 
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Table A-14. (continued) 

Elapsed Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 

51 12 18 
51 15 34 
51 23 30 
52 8 35 
52 14 15 
52 22 15 
53 8 40 
53 14 15 
53 23 17 
54 8 10 
54 22 15 
55 8 50 
55 22 20 
56 8 30 
56 22 20 
57 8 57 
57 22 15 
58 10 4 
58 20 15 
59 8 50 
59 20 15 
60 8 30 
60 21 15 
61 10 5 
61 20 15 
62 8 15 
62 21 18 
63 9 0 
63 21 15 
64 8 37 
65 12 10 
65 21 15 
66 8 20 
66 21 15 
67 8 20 
67 21 15 
68 9 28 
69 8 37 
70 9 25 
71 11 30 
72 10 30 

(continued) 

939 . 300 
942.567 
950.500 
959.583 
965.250 
973.250 
983.667 
989.250 
998.283 
1007.167 
1021.250 
1031.833 
1045.333 
1055 . 500 
1069 . 333 
1079.950 
1093.250 
1105 . 067 
1115.250 
1127.833 
1139.250 
1151.500 
1164.250 
1177.083 
1187.250 
1199.250 
1212.300 
1224 . 000 
1236.250 
1247.617 
1275.167 
1284.250 
1295.333 
1308.250 

1332.250 
1344.467 
1367.617 
1392.417 
1418.500 
1441.500 

1319 333 

317.81 
317.72 
317.26 
316.77 
316.54 
316.31 
315.88 
315.58 
315.35 
314.86 
314.53 
314.17 
313.91 
313.52 
313.22 
312.93 
312.70 
312.34 
312.11 
311.94 
311.78 
311.65 
311.38 
311.22 
310.96 
310.93 
310.83 
310.73 
310.53 
310.33 
309.81 
309.71 
309.55 
309.45 
309.25 
309.12 
309.09 
309.02 
308.86 
308.60 
308.37 

37.11 
37.15 
37.36 
37.58 
37.68 
37.79 
37.98 
38.12 
38.22 
38.44 
38.59 
38.75 
38.87 
39.05 
39.18 
39.31 
39.42 
39.58 
39.68 
39.76 
39.83 
39.89 
40.01 
40.08 
40.20 
40.22 
40.26 
40.30 
40.40 
40.49 
40.72 
40.77 
40.84 
40.88 
40.97 
41.03 
41.05 
41.08 
41.15 
41.27 
41.37 
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Table A-14. (concluded) 

Dav Hr Min 

Elapsed 
Time 
(hr) 

Depth 
to Water 

(ft) 

73 9 45 
74 9 45 
75 9 45 
76 10 0 
77 9 45 
78 10 28 
79 13 0 
82 9 40 
84 10 10 
86 10 44 
89 10 45 
91 9 50 
93 9 0 
96 11 35 
98 9 40 
100 10 13 
103 10 5 
105 13 20 
108 9 55 
110 9 50 
113 8 55 
114 13 21 
118 10 30 
120 9 10 
121 12 0 
126 9 15 
135 15 0 

1464.750 
1488.750 
1512.750 
1537.000 
1560.750 
1585.467 
1612.000 
1680.667 
1729.167 
1777.733 
1849.750 
1896.833 
1944.000 
2018.583 
2064.667 
2113.217 
2185.083 
2236.333 
2304.917 
2352.833 
2423.917 
2452.350 
2545.500 
2592.167 
2619.000 
2736.250 
2958.000 

307.97 
307.81 
307.58 
307.41 
307.38 
307.25 
307.15 
306.76 
306.76 
306.43 
306.53 
306.07 
306.04 
305.87 
305.81 
305.71 
305.61 
305.48 
305.28 
305.25 
305.18 
305.15 
305.09 
304.72 
304.36 
304.46 
304.69 

Pressure 
(psi) 

41.55 
41.62 
41.73 
41.80 
41.82 
41.88 
41.92 
42.10 
42.10 
42.25 
42.20 
42.41 
42.42 
42.50 
42.53 
42.57 
42.62 
42.68 
42.77 
42.78 
42.81 
42.83 
42.85 
43.02 
43.18 
43.14 
43.03 
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Table A-15. Water Levels in Observation Well H-15 
During the WIPP-13 Multipad Pumping Test 

E 1 apse d 
Time 

Dav Hr Min (hr) 

Depth 
to Water 

(ft)  
~~ 

357 13 50 
357 14 0 
5 13 35 
8 9 36 
9 14 20 
13 10 45 
14 13 25 
16 15 15 
19 17 0 
20 9 38 
21 10 50 
23 13 30 
26 15 38 
28 9 5 
30 15 46 
33 9 33 
35 8 53 
37 14 50 
40 11 35 
42 14 35 
44 14 23 
47 9 58 
50 12 50 
57 10 25 
64 15 11 
71 13 14 
78 12 9 
85 12 10 
91 15 40 
100 11 11 

-475.167 
-475.000 
-163 . 417 
-95 . 400 
-66.667 
25.750 
52.417 
102.250 
176.000 
192.633 
217.833 
268.500 

384.083 
438.767 
504.550 
551.883 
605.833 
674.583 
725.583 
773 ,383 
840.967 
915.833 
1081.417 
1254.183 
142 0.233 
1587.150 
1755.167 
1902.667 
2114.183 

342 633 

483.37 
483.33 
483.23 
483.37 
483.20 
483.30 
483.04 
483.33 
483.17 
483.33 
483.27 
483.23 
482.94 
483.17 
483.07 
483.17 
482.94 
482.97 
483.20 
482.84 
482.81 
482.81 
482.78 
482.68 
482.64 

482.25 
482.38 
482.28 
482.25 

482.58 



Table A-16. Water Levels and Pressures in Observation Well 
DOE-2 During the WIPP-13 Multipad Pumping Test 

E 1 apse d Depth 
Time to Water Pressure* 

Dav Hr Min (hr) (ft) (mi) 

336 9 40 
343 9 50 
349 11 5 
357 9 25 
363 11 37 
365 9 0 

2 9 55 
5 14 45 
7 12 10 
8 12 20 
8 13 30 
9 13 30 
10 12 0 
11 13 6 
12 6 57 
12 9 0 
12 9 30 
12 10 0 
12 10 30 
12 11 0 
12 11 30 
12 12 0 
12 12 30 
12 13 0 
12 13 30 
12 14 0 
12 15 0 
12 16 0 
12 17 0 
12 18 0 
12 19 0 
12 21 0 
12 22 0 
12 23 0 
13 0 0 
13 1 0 
13 2 0 
13 3 0 
13 4 0 
13 5 0 
13 6 0 

-983.333 
-815.167 
-669.917 
-479.583 
-333.383 
-288.000 
-239.083 
-162.250 
-116.833 
-92.667 
-91.500 
-67.500 
-45.000 
-19.900 
-2.050 
0.000 
0.500 
1.000 
1.500 
2.000 
2.500 
3.000 
3.500 
4.000 
4.500 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 
12.000 
13.000 
14.000 
15.000 
16.000 
17.000 
18.000 
19.000 
20.000 
21.000 

364.63 
364.63 
364.57 
364.60 
364.53 
364.53 
364.01 
363.91 
363.88 
364.07 
364.07 
364.47 
364.60 
364.50 
364.44 
364.53 
364.53 
364.57 
364.60 
364.67 
364.73 
364.83 
364.93 
365.03 
365.12 
365.26 
365.49 
365.72 
366.01 
366.21 
366.54 
367.06 
367.32 
367.55 
367.75 
367.95 
368.11 
368.27 
368.44 
368.64 
368.83 

61.05 
61.05 
61.08 
61.06 
61.10 
61.10 
61.33 
61.38 
61.39 
61.30 
61.30 
61.12 
61.06 
61.11 
61.14 
61.10 
61.10 
61.08 
61.06 
61.03 
61.01 
60.96 
60.92 
60.87 
60.83 
60.77 
60.66 
60.56 
60.43 
60.34 
60.19 
59.96 
59.84 
59.73 
59.65 
59.55 
59.48 
59.41 
59.33 
59.24 
59.16 

*Pressure = (500 f t  - Depth to Water) X 0.451 psi/ft 

(continued) 
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Table A- 16. (continued) 

E 1 apse d Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 

13 7 44 
13 10 7 
13 12 0 
13 14 0 
13 16 0 
13 18 0 
13 20 0 
13 22 11 
14 0 0 
14 1 50 
14 4 55 
14 7 0 
14 10 0 
14 12 0 
14 16 0 
14 19 50 
14 23 41 
15 11 55 
15 23 50 
16 11 55 
17 0 8 
17 18 10 
17 23 15 
18 11 50 
18 23 50 
19 11 50 
19 23 50 
20 11 50 
20 23 50 
21 11 50 
21 23 50 
22 11 50 
22 23 50 
23 11 50 
23 23 50 
24 11 35 
24 23 50 
25 11 45 
25 23 50 
26 11 40 
26 23 50 

(continued) 

22.733 
25.117 
27 . 000 
29 . 000 
31.000 
33 . 000 
35.000 
37 . 183 
39 000 
40.833 
43.917 
46.000 
49 000 
51.000 
55.000 
58.833 
62.683 
74.917 
86.833 
98.917 
111.133 
129.167 
134.250 
146 . 833 
158.833 
170.833 
182.833 
194.833 
206.833 
2 18 . 833 
230.833 
242.833 
254.833 
266.833 
278.833 
290 . 583 
302.833 
314.750 

338.667 
350.833 

326.833 

369.16 
369 62 
369.88 
370.14 
370.44 
370.77 
371.13 
371.56 
371.82 
372.05 
372.38 
372.64 
373.10 
373.33 
373.85 
374.38 
374.61 
376.38 
377.66 
378.74 
379.89 
380.91 
381.73 
382.58 

384.09 
384.94 

386.29 
386.81 
387.63 
388.16 
388 55 
389.01 
389.47 

390.68 
391.11 
391.73 

392.65 

383.40 

385.66 

389.99 

392 06 

59.01 
58.80 
58.68 
58.57 
58.43 
58.28 
58.12 
57.93 
57.81 
57.70 
57.56 
57.44 
57.23 
57.13 
56.89 
56.66 
56.55 
55.75 
55.17 
54.69 
54.17 
53.71 
53.34 
52.96 
52.59 
52.27 
51.89 

51.28 
51.05 
50.68 
50.44 
50.26 
50.06 
49.85 

49.30 

48.83 
48.68 
48.41 

51.57 

49.62 

49 11 
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Table A-16. (continued) 

E 1 apse d Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 

27 11 50 
27 23 50 
28 11 40 
28 23 50 
29 11 50 
29 23 50 
30 11 45 
30 23 50 
31 11 46 
31 23 50 
32 11 40 
32 23 50 
33 11 43 
33 23 50 
34 13 7 
34 23 50 
35 11 30 
35 23 50 
36 14 36 
36 23 50 
37 10 50 
37 23 50 
38 11 10 
38 23 50 
39 11 15 
39 23 50 
40 11 45 
40 23 50 
41 12 5 
41 23 50 
42 12 5 
42 23 50 
43 11 45 
43 23 30 
44 11 50 
44 23 50 
45 11 50 
45 23 50 
46 11 50 
46 23 50 
47 11 30 

(continued) 

362.833 
374.833 
386.667 
398.833 
410.833 
422.833 
434.750 
446.833 
458.767 
470.833 
482.667 
494.833 
506.717 
518.833 
532.117 
542.833 
554.500 
566.833 
581.600 
590.833 
601.833 
614.833 
626.167 
638.833 
650.250 
662.833 
674.750 
686.833 
699.083 
710.833 
723.083 
734.833 
746.750 
758.500 
770.833 

794.833 
806.833 
818.833 
830.833 
842.500 

782 .a33 

392.91 
393.41 
393.60 
394.03 
394.36 
394.78 
395.11 
395.34 
395.51 
395.87 
396.23 
396.56 
396.72 
397.01 
397.31 
397.51 
397 77 
398.10 
398.62 
398.85 
399.05 
399.31 
399.48 
399.64 
399.80 
400.13 
400.23 
400.43 
400.52 
400.79 
400.92 
401.18 
401.25 
401.38 
401.31 
401.57 
401.54 
401.77 
402.10 
402.23 
402.36 

48.30 
48.07 
47.99 
47.79 
47.64 
47.45 
47.30 
47.20 
47.12 
46.96 
46.80 
46.65 
46.58 
46.45 
46.31 
46.22 
46.11 
45.96 
45.72 
45.62 
45.53 
45.41 
45.34 
45.26 
45.19 
45.04 
45.00 
44.91 
44.87 
44.74 
44.69 
44.57 
44.54 
44.48 
44.51 
44.39 
44.41 
44.30 
44.15 
44.09 
44.04 
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Table A-16. (continued) 

Day Hr Min 

47 23 45 
48 7 29 
48 9 0 
48 9 30 
48 1 0  0 
48 1 0  30 
48 11 0 
48 11 30 
4 8  12  0 
48 12  30 
48 1 3  0 
4 8  13 30 
48 1 4  0 
48 1 4  30 
48 1 5  0 
48 1 5  30 
48 1 6  0 
48 1 6  30 
48 1 7  0 
48 17  30 
48 18 0 
48 18  30 
48 19  0 
48 19 30 
48 20  0 
48 2 1  0 
48 22 0 
48 23 0 
49 0 0 
49 1 0 
49 2 0 
49 3 0 
49 4 0 
49 5 5 
49 6 0 
49 7 0 
49 8 0 
49 9 0 
49 11 0 
49 13  0 
49 1 5  0 

(continued) 

Elapsed 
Time 
(hd 

854 .750  
862.483 
864 .000  
8 6 4 . 5 0 0  
865 .000  
865 .500  
8 6 6 . 0 0 0  
8 6 6 . 5 0 0  
867 .000  
867 .500  
8 6 8 . 0 0 0  
8 6 8 . 5 0 0  
8 6 9 . 0 0 0  
8 6 9 . 5 0 0  
8 7 0 . 0 0 0  

871 .000  
871 .500  
872 .000  
872 .500  
873 .000  
873 .500  

874 .500  
875 .000  
876 .000  
877 .000  
878 .000  
8 7 9 . 0 0 0  
8 8 0 . 0 0 0  
8 8 1 . 0 0 0  
882 .000  
8 8 3 . 0 0 0  
884 .083  
8 8 5 . 0 0 0  
886 .000  
887 .000  
8 8 8 . 0 0 0  
890 .000  
8 9 2 . 0 0 0  
8 9 4 . 0 0 0  

870 .500  

874 .000  

Depth 
to Water 

(ft) 

402 .66  
402 .72  
402 .79  
402 .82  
402 .82  
402 .79  
402 .72  
402 .62  
402 .53  
402 .43  
402 .33  

402 .07  
401 .97  
401 .84  
4 0 1 . 7 1  
401.54 
4 0 1 . 4 1  
401 .28  
401 .15  
401 .02  
400 .89  
400 .79  
400 .62  

400 .30  
4 0 0 . 0 7  
399.84 

399 .48  
3 9 9 . 3 1  
3 9 9 . 0 8  
3 9 8 . 8 8  
3 9 8 . 6 5  
398 .43  
398 .23  
398 .06  
397.93 
397 .57  
397.24 
396 .92  

402 .20  

400 49 

399 64 

Pressure 
(psi) 

4 3 . 9 0  
43 .87  
43 .84  
43 .83  
4 3 . 8 3  
4 3 . 8 4  
43 .87  
43 .92  
4 3 . 9 6  
44 .00  
4 4 . 0 5  
4 4 . 1 1  
4 4 . 1 7  
4 4 . 2 1  
4 4 . 2 7  
44 .33  
4 4 . 4 1  
4 4 . 4 6  
44 .52  
44 .58  
44 .64  
4 4 . 7 0  
44.74 
44 .82  
4 4 . 8 8  
4 4 . 9 7  
4 5 . 0 7  
4 5 . 1 7  
4 5 . 2 6  
45 .34  
4 5 . 4 1  
4 5 . 5 2  
4 5 . 6 0  
4 5 . 7 1  
4 5 . 8 1  
4 5 . 9 0  
4 5 . 9 8  
4 6 . 0 3  
4 6 . 2 0  
4 6 . 3 4  
4 6 . 4 9  
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Table A-16. (continued) 

Elapsed Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 

49 17 0 
49 19 0 
49 21 0 
49 23 5 
50 1 0 
50 3 0 
50 5 0 
50 7 0 
50 8 2 
50 12 0 
50 16 0 
50 20 0 
51 0 0 
51 8 0 
51 12 0 
51 16 0 
52 0 0 
52 8 20 
52 14 0 
53 0 0 
53 10 10 
53 14 0 
54 0 0 
54 7 55 
55 0 0 
55 8 30 
56 0 0 
56 8 10 
57 0 0 
57 8 25 
58 0 0 
58 8 5 
58 20 0 
59 8 20 
59 20 0 
60 8 10 
60 21 0 
61 9 20 
61 20 0 
62 8 0 
62 21 5 

(continued) 

896.000 
898.000 
900.000 
902.083 
904.000 
906.000 
908.000 
910.000 
911.033 
915.000 
919.000 
923.000 
927.000 
935.000 
939.000 
943.000 
951.000 
959.333 
965.000 
975.000 
985.167 
989.000 
999.000 
1006.917 
1023.000 
1031.500 
1047.000 
1055.167 
1071.000 
1079.417 
1095.000 
1103.083 
1115.000 
1127.333 
1139,000 
1151.167 
1164.000 
1176.333 
1187.000 
1199.000 
1212.083 

396.59 
396.23 
395.90 
395.64 
395.41 
395.11 
394.82 
394.59 
394.46 
394.00 
393.54 
393.08 
392.65 
391.90 
391.54 
391.17 
390.35 
389.57 
389.07 
388.48 
387.73 
387.37 
386.68 
386.02 
385.04 
384.68 
383.92 
383.40 
382.74 
382.28 
381.69 
381.14 
380.71 
380.41 
379.95 
379.63 
379.13 
378.77 
378.41 
378.22 
377.92 

46.64 
46.80 
46.95 
47.07 
47.17 
47.30 
47.44 
47.54 
47.60 
47.81 
48.01 
48.22 
48.41 
48.75 
48.91 
49.08 
49.45 
49.80 
50.03 
50.30 
50.63 
50.80 
51.11 
51.41 
51.85 
52.01 
52.35 
52.59 
52.88 
53.09 
53.36 
53.61 
53.80 
53.94 
54.14 
54.29 
54.51 
54.67 
54.84 
54.92 
55.06 
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Table A-16. (concluded) 

E 1 apse d Depth 
Time to Water Pressure 

Day Hr Min (hr) (ft) (psi) 

63 8 23 
63 21 0 
64 7 45 
64 21 0 
65 11 35 
65 21 5 
66 8 5 
66 21 0 
67 8 5 
67 21 0 
68 8 40 
69 8 6 
70 8 39 
71 10 52 
72 9 35 
73 9 0 
74 9 0 
75 9 0 
76 9 20 
77 9 0 
78 8 43 
79 12 45 
82 9 0 
84 9 35 
86 10 8 
89 9 0 
91 9 5 
93 8 30 
96 10 50 
98 9 0 
100 8 25 
103 9 20 
105 13 10 
108 9 40 
115 8 50 
120 9 0 
126 13 50 
132 8 48 
135 14 35 

1223.383 
1236.000 
1246.750 
1260.000 
1274.583 
1284.083 
1295.083 
1308.000 
1319.083 
1332 . 000 
1343 . 667 
1367.100 
1391.650 
1417.867 
1440.583 
1464.000 
1488.000 
1512.000 
1536.333 
1560 . 000 
1583.717 
1611.750 
1680.000 
1728 . 583 
1777 . 133 
1848 . 000 
1896.083 
1943 . 500 
2017.833 
2064.000 
2111.417 
2184.333 
2236.167 
2304.667 
2471.833 
2592.000 
2740.833 
2879 . 800 
2957.583 

377.66 
377.30 
377 . 03 
376.57 
376.18 
375.92 
375.66 
375.39 
375.10 
374 . 80 
374 . 67 
374.64 
374.15 
373.52 
373 . 16 
372 . 60 
372.21 
371.78 
371.46 
371.29 
371.00 
370.80 
370.08 
369.85 
369 . 39 
369.23 
368.67 
368.50 
368.18 
367.98 
367.62 
367.39 
367.26 
366.77 
366.70 
366.54 
366.47 
366.14 
366.11 

55.17 
55.34 
55.46 
55.67 
55.84 
55.96 
56.08 
56.20 
56.33 
56.47 
56.52 
56.54 
56.76 
57.04 
57.20 
57.46 
57.63 
57.83 
57.97 
58.05 
58.18 
58.27 
58.59 
58.70 
58.91 
58.98 
59.23 
59.31 
59.45 
59.54 
59.70 
59.81 

60.09 
60.12 
60.19 
60.22 
60.37 
60.38 

59. a7 
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Table A-17. Water Levels and Pressures in Observation Well P-14 During the 
WIPP-13 Multipad Pumping Test 

Elapsed Depth Compensated+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

357 12 20 -476.667 324.28 33.47 
363 12 13 -332.783 324.48 33.38 33.38' 
365 9 48 -287.200 324.38 33.42 33.42' 
2 14 0 -235.000 324.15 33.53 33.53 
5 13 35 -163.417 324.18 33.51 33.51' 
7 14 6 -114.900 324.41 33.41 33.41' 
9 14 45 -66.250 324.38 33.42 33.42' 

33.47' # 

10 10 53 -46.117 324.54 33.35 33.35' 
11 13 40 -19.333 324.51 33.37 33.37' 
12 7 25 -1.583 324 . 51 33.37 33.37' 
12 12 25 3.417 324 . 48 33.38 33.38 
12 15 15 6.250 324.41 33.41 33.39 
12 17 55 8.917 324.44 33.40 33.38 
13 0 34 15.567 324 . 48 33.38 33.36 
13 9 47 24.783 324 . 38 33.42 33.38 
13 13 40 28.667 324 . 28 33.47 33.38 
13 16 44 31.733 324 . 21 33.50 33.40 
13 21 42 36.700 324.31 33.45 33.35 
14 1 22 40.367 324.31 33.45 33.34 
14 7 20 46.333 324.21 33.50 33.39 
14 11 35 50.583 324 . 25 33.48 33.37 
14 15 20 54.333 324.18 33.51 33.39 
14 19 20 58.333 324.25 33.48 33.38 
14 23 10 62.167 324.21 33.50 33.42 
15 8 30 71.500 324.38 33.42 33.37 
15 12 30 75.500 324.38 33.42 33.35 
15 16 30 79.500 324.31 33.45 33.37 
16 8 30 95.500 324.38 33.42 33.36 
16 12 30 99.500 324.41 33.41 33.33 
16 16 30 103.500 324.38 33.42 33.34 
16 20 30 107.500 324.41 33.41 33.33 
17 8 30 119.500 324.41 33.41 33.32 
17 12 30 123.500 324.41 33.41 33.31 
17 16 30 127.500 324.51 33.37 33.28 
17 20 30 131.500 324.51 33.37 33.31 
18 8 30 143.500 324.54 33.35 33.31 
18 12 30 147.500 324.57 33.34 33.28 
18 16 30 151.500 324 . 57 33.34 33.27 
18 20 30 155.500 324.54 33.35 33.29 
19 8 30 167.500 324.61 33.32 33.28 
19 12 30 171.500 324 . 61 33.32 33.25 

*Pressure = (400 f t  - Depth to Water) x 0.442 psi/ft 
+Compensated Pressure = Pressure + 0.7 (Barometric Pressure - 13.1 psi) 
#No barometric correction 

(continued) 
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Table A-1 7. (continued) 

Elapsed Depth Compensated 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

19 16 30 
19 20 30 
20 8 30 
20 11 50 
20 16 30 
20 20 30 
21 8 30 
21 12 30 
21 16 30 
21 20 30 
22 12 30 
22 16 30 
22 20 30 
23 8 30 
23 12 30 
23 16 30 
23 20 30 
24 8 40 
24 11 55 
24 16 30 
24 20 30 
25 8 30 
25 16 30 
25 20 30 
26 8 30 
26 12 30 
26 16 30 
26 20 30 
27 8 30 
27 12 30 
27 16 30 
27 20 30 
28 9 26 
28 20 45 
29 8 45 
29 20 45 
30 11 11 
30 20 45 
31 8 45 
31 20 45 
32 8 50 

(continued) 

175.500 
179.500 
191.500 
194.833 
199.500 
203.500 
215.500 
219.500 
223.500 
227.500 
243.500 
247.500 
251.500 
263.500 
267.500 
271.500 
275.500 
287.667 
290.917 
295.500 
299.500 
311.500 
319.500 
323.500 
335.500 
339.500 
343.500 
347.500 
359 . 500 
363.500 
367.500 
371.500 
384.433 
395.750 
407.750 
419.750 
434.183 
443.750 
455 . 750 
467.750 
479. a33 

324.61 
324.64 
324.80 
324.84 
324.87 
324.84 
324.77 
324.77 
324.90 
324.93 
324.93 
324.93 
324.93 
324.84 
324.77 
324.80 
324.84 
324.87 
324.87 
324.97 
325.13 
325.10 
325.13 
325.26 
325.26 
325.23 
325.23 
325.33 
325.26 
325.23 
325.16 
325.23 
325.16 
325.20 
325.30 
325 . 33 
325.49 
325.39 
325.43 
325.26 
325.36 

33.32 
33.31 
33.24 
33.22 
33.21 
33.22 
33.25 
33.25 
33.19 
33.18 
33.18 
33.18 
33.18 
33.22 
33.25 
33.24 
33.22 
33.21 
33.21 
33.16 
33.09 
33.11 
33.09 
33.03 
33.03 
33.05 
33.05 
33.00 
33.03 
33.05 
33.08 
33.05 
33.08 
33.06 
33.02 
33.00 
32.93 
32.98 
32.96 
33.03 
32.99 

33.24 
33.26 
33.25 
33.22 
33.20 
33.22 
33.21 
33.20 
33.17 
33.19 
33.17 
33.15 
33.14 
33.14 
33.15 
33.11 
33.09 
33.11 
33.11 
33.10 
33.05 
33.09 
33.08 
33.04 
33.07 
33.07 
33.06 
33.01 
33.04 
33.02 
33.04 
33.01 
33.02 
32.97 
32.99 
32.97 
32.95 
32.94 
32.85 
32.93 
32.91 
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Table A-1 7 .  (continued) 

E 1 apse d Depth Compensated 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

32 20 45 
33 8 35 
33 20 45 
34 10 31 
34 20 45 
35 8 45 
35 20 45 
36 14 50 
36 20 45 
37 6 48 
37 20 45 
38 8 45 
38 20 45 
39 9 25 
39 20 45 
40 9 16 
40 20 45 
41 11 45 
41 20 45 
42 8 45 
42 20 45 
43 11 0 
43 20 45 
44 11 18 
44 20 45 
45 9 0 
45 20 45 
46 8 45 
46 20 45 
47 10 34 
47 20 45 
48 8 0 
48 9 30 
48 13 12 
48 16 14 
48 21 25 
49 3 10 
49 9 16 
49 14 35 
49 21 13 
50 3 10 

(continued) 

491.750 
503.583 
515.750 
529.517 
539.750 
551.750 
563.750 
581.833 
587.750 
597.800 
611.750 
623 . 750 
635.750 
648.417 
659 . 750 
672.267 
683.750 
698.750 
707 . 750 
719.750 
731.750 
746.000 
755 . 750 
770.300 
779.750 
792.000 
803.750 
815 . 750 
827.750 
841.567 
851.750 
863.000 
864 . 500 
868.200 
871.233 
876.417 
882.167 
888.267 
893 . 583 
900.217 
906.167 

325.39 
325.39 
325.43 
325.49 
325.49 
325.52 
325.59 
325.89 
325.95 
325.95 
326.05 
326.02 
325.98 
325.92 
326.02 
325.98 
325.95 
325.89 
325.92 
325.89 
325.92 
325.98 
325.98 
325.92 
325.82 
325.69 
325.66 
325.85 
325.89 
325.95 
325.95 
326.08 
326.12 
326.18 
326.15 
326.12 
326.15 
326.08 
326.08 
325.98 
326.05 

32.98 
32.98 
32.96 
32.93 
32.93 
32.92 
32.89 
32.76 
32.73 
32.73 
32.69 
32.70 
32.72 
32.74 
32.70 
32.72 
32.73 
32.76 
32.74 
32.76 
32.74 
32.72 
32.72 
32.74 
32.79 
32.84 
32.86 
32.77 
32.76 
32.73 
32.73 
32.67 
32.66 
32.63 
32.64 
32.66 
32.64 
32.67 
32.67 
32.72 
32.69 

32.90 
32.90 
32.87 
32.86 
32.84 
32.85 
32.82 
32.79 
32.79 
32.80 
32.76 
32.79 
32.76 
32.77 
32.73 
32.76 
32.71 
32.73 
32.71 
32.73 
32.70 
32.70 
32.68 
32.69 
32.68 
32.67 
32.66 
32.67 
32.65 
32.62 
32.65 
32.63 
32.62 
32.58 
32.59 
32.61 
32.59 
32.62 
32.57 
32.61 
32.59 
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Table A-17. (continued) 

Elapsed Depth Compensated 
Time to  Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

50 8 23 
50 14 30 
50 22 0 
51 8 25 
51 15 43 
51 22 0 
52 8 45 
52 14 25 
52 22 25 
53 8 49 
53 14 25 
54 8 20 
54 14 5 
54 22 0 
55 8 45 
55 14 0 
55 22 0 
56 8 40 
56 14 30 
56 22 0 
57 9 5 
57 14 30 
57 22 0 
58 10 17 
58 14 15 
58 22 15 
59 9 0 
59 14 30 
59 22 15 
60 8 37 
60 14 45 
60 21 25 
61 10 15 
61 14 34 
61 20 30 
62 8 25 
62 15 0 
62 21 30 
63 9 11 
63 14 36 
63 21 25 

(continued) 

911.383 
917 . 500 
925.000 
935.417 
942 . 717 
949.000 
959.750 
965.417 
973 . 417 
983 . 817 
989 . 417 
1007.333 
1013 . 083 
1021.000 
1031.750 
1037.000 
1045.000 
1055 . 667 
1061.500 
1069 . 000 
1080 . 083 
1085 . 500 
1093.000 
1105.283 
1109 . 250 
1117 . 250 
1128.000 
1133.500 
1141.250 
1151.617 
1157 . 750 
1164.417 
1177 . 250 
1181.567 
1187.500 
1199.417 
1206.000 
1212.500 
1224 . 183 
1229.600 
1236.417 

326.05 
326.12 
326.15 
326.21 
326.28 
326.25 
326.12 
326.12 
326.21 
326.18 
326.12 
325.95 
325.82 
325.75 
325.95 
325.89 
326.02 

325.82 
325.92 
325.85 
325.75 
325.79 
325.79 
325.75 
325.85 
325.82 
325.85 

325.92 
325.89 
325.82 
325.85 
325.82 
325.82 
325.89 
325.95 
325.92 
325.98 
326.02 
325.92 

325.92 

325.92 

32.69 
32.66 
32.64 
32.62 
32.58 
32.60 
32.66 
32.66 
32.62 
32.63 
32.66 
32.73 
32.79 
32.82 
32.73 
32.76 
32.70 
32.74 
32.79 
32.74 
32.77 
32.82 
32.80 
32.80 
32.82 
32.77 
32.79 
32.77 
32.74 
32.74 
32.76 
32.79 
32.77 
32.79 
32.79 
32.76 
32.73 
32.74 
32.72 
32.70 
32.74 

32.60 
32.56 
32.59 
32.61 
32.57 
32.58 
32.61 
32.59 
32.58 
32.61 
32.60 
32.62 
32.63 
32.69 
32.64 
32.64 
32.60 
32.65 
32.67 
32.62 
32.66 
32.68 
32.69 
32.67 
32.68 
32.66 
32.71 
32.68 
32.68 
32.72 
32.70 
32.74 
32.74 
32.73 
32.75 
32.78 
32.74 
32.79 
32.80 
32.76 
32.81 
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Table A-17. (concluded) 

Elapsed Depth Compensated 
Time to Water Pressure Pressure 

Day Hr Min (hr) Ut) (psi) (psi) 
64 8 47 
64 21 12 
65 12 22 
65 21 30 
66 8 30 
66 14 45 
66 21 30 
67 8 30 
67 14 0 
67 21 30 
68 9 45 
69 8 49 
70 9 33 
71 11 41 
72 10 42 
73 9 55 
74 9 55 
75 9 55 
76 10 15 
77 9 55 
78 10 40 
79 13 10 
82 9 50 
84 10 20 
86 10 53 
89 10 55 
91 10 0 
93 9 15 
96 11 50 
98 9 55 
100 10 25 
103 10 20 
105 13 35 
108 10 5 
110 10 0 
113 9 10 
114 13 30 
118 10 50 
120 9 20 
126 9 25 
135 15 15 

1247.783 
1260.200 
1275.367 
1284.500 
1295.500 
1301.750 
1308.500 
1319.500 
1325.000 
1332.500 
1344.750 
1367.817 
1392.550 
1418.683 
1441.700 
1464.917 
1488.917 
1512 -917 
1537.250 
1560.917 
1585.667 
1612 . 167 
1680.833 
1729.333 
1777.883 
1849 . 917 
1897.000 
1944 . 250 
2064.917 
2113.417 
2185.333 
2236.583 
2305.083 
2353.000 
2424.167 
2452.500 
2545.833 
2592.333 
2736.417 
2958.250 

2018.833 

325.85 
325.72 

325.62 
325.59 
325.52 
325.56 
325.49 
325.39 
325.43 
325.52 
325.56 
325.62 
325.56 
325.49 
325.26 
325.20 
325.07 
325.03 
325.10 
325.10 
325.13 
325.00 
325.16 
325.03 
325.33 
325.00 
325.07 

325.07 
325.03 
325.13 
325.20 
325.16 
325.03 
325.00 
325.00 
325.00 
324.70 
324.93 
324.74 

325 66 

325 03 

32.77 
32.83 
32 . 86 
32.88 
32.89 
32.92 
32.90 
32.93 
32.90 
32.96 
32.92 
32.90 
32.88 
32.90 
32.93 
33.03 
33.06 
33.12 
33.14 
33.11 
33.11 
33.09 
33.15 
33.08 
33.14 
33.00 
33.15 
33.12 

33.12 
33.14 
33.09 
33.06 
33.08 
33.14 
33.15 
33.15 
33.15 
33.28 
33.18 
33.26 

33.14 

32.82 
32.82 
32.82 
32.83 
32.84 
32.84 
32.83 
32.85 
32.86 
32.85 
32.87 
32.90 
32.90 
32.91 
32.92 
32.93 
32.94 
32.95 
32.95 
32.97 
32.98 
32.96 
33.00 
33.00 
33.00 
33.02 
33.08 
33.11 
33.13 
33.12 
33.08 
33.05 
32.99 
32.96 
33.11 
33.14 
33.14 
33.18 
33.28 
33.18 
33.26 
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Table A-18. Water Levels and Pressures in Observation Well ERDA-9 During the 
WIPP-13 Multipad Pumping Test 

Elapsed Depth Modified+ 
Time to Water Pressure* Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

357 10 30 
5 13 23 
7 15 5 
9 14 5 

23 13 20 
24 10 45 
26 15 25 
28 11 25 
29 11 15 
30 10 33 
31 10 58 
32 10 54 
33 11 20 
34 11 26 
35 10 42 
36 15 7 
37 11 15 
38 10 40 
39 10 42 
40 11 22 
41 10 42 
42 11 25 
43 10 24 
44 10 41 
46 10 39 
47 9 14 
48 7 4 
48 12 45 
48 17 45 
48 21 5 
49 2 40 
49 9 35 
49 14 18 
49 20 42 
50 2 40 
50 8 50 
50 15 40 
50 22 55 
51 7 25 
51 14 7 
51 22 55 

-478.500 
-163.617 
-113.917 
-66.917 
268.333 
289.750 
342.417 
386.417 
410.250 
433.550 
457.967 
481.900 
506.333 
530.433 
553.700 
582.117 
602.250 
625.667 
649.700 
674.367 
697.700 
722.417 
745.400 
769.683 
817.650 
840.233 
862.067 
867.750 
872.750 
876.083 
881.667 
888.583 
893.300 
899.700 
905.667 
911.833 
918.667 
925.917 
934.417 
941.117 
949.917 

458.14 
457.78 
457.71 
457.35 
456.73 
458.76 
456.33 
456.40 
456.33 
456.33 
456.27 
456.33 
456.17 
456.10 
456.10 
456.23 
456.30 
456.40 
456.43 
456.53 
456.53 
456.53 
456.56 
456.59 
456.53 
456.59 
456.76 
456.73 
456.79 
456.82 
456.82 
456.89 
456.89 
456.89 
456.96 
457.02 
456.99 
457.02 
457.15 
457.19 
457.25 

19.21 
19.38 
19.41 
19.58 
19.86 
18.93 
20.05 
20.01 
20.05 
20.05 
20.07 
20.05 
20.12 
20.15 
20.15 
20.09 
20.06 
20.01 
20.00 
19.95 
19.95 
19.95 
19.94 
19.93 
19.95 
19.93 
19.85 
19.86 
19.83 
19.82 
19.82 
19.79 
19.79 
19.79 
19.75 
19.73 
19.74 
19.73 
19.67 
19.65 
19.62 

20.22 
20.07 
20.05 
20.17 
20.12 
19.17 
20.23 
20.16 
20.16 
20.14 
20.14 
20.09 
20.14 
20.15 
20.13 
20.04 
19.99 
19.92 
19.88 
19.81 
19.79 
19.76 
19.73 
19.69 
19.67 
19.62 
19.52 
19.52 
19.49 
19.48 
19.47 
19.43 
19.43 
19.42 
19.38 
19.35 
19.36 
19.33 
19.27 
19.24 
19.20 

*Pressure = (500 f t  - Depth to Water) X 0.459 psi/ft 
+ Modified Pressure = (500 f t  - {Depth to Water + [0.52 ft/240 hrs x (Elapsed Time - 530 hrs)]}) 
X 0.459 psi/ft 

(continued) 
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Table A-18. (continued) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (psi) 

52 10 10 
52 15 10 
52 23 15 
53 9 30 
53 15 10 
53 22 52 
54 9 5 
54 14 53 
54 23 10 
55 9 38 
55 14 45 
55 23 6 
56 10 0 
56 15 20 
56 23 2 
57 9 27 
57 15 20 
57 23 0 
58 9 45 
58 15 44 
58 23 5 
59 9 48 
59 15 15 
59 23 5 
60 9 21 
60 15 22 
60 21 50 
61 8 40 
61 15 25 
61 21 25 
62 9 10 
62 15 30 
62 22 20 
63 10 35 
63 22 16 
64 10 39 
64 22 10 
65 15 5 
65 22 25 
66 9 15 
66 15 20 

(continued) 

961.167 
966.167 
974.250 
984.500 
990.167 
997.867 
1008.083 
1013.883 
1022 . 167 
1032.633 
1037.750 
1046.100 
1057 . 000 
1062.333 
1070.033 
1080 . 450 
1086.333 
1094.000 
1104.750 
1110.733 
1118.083 
1128.800 
1134.250 
1142.083 
1152.350 
1158.367 
1164.833 
1175.667 
1182.417 
1188.417 
1200.167 
1206.500 
1213 . 333 
1225.583 
1237.267 
1249.650 
1261.167 
1278.083 
1285.417 
1296.250 
1302.333 

457.32 
457 . 35 
457.38 
457.45 
457.48 
457.51 
457.58 
457.58 
457 . 58 
457.64 
457.64 
457.68 
457 . 74 
457.74 
457.78 

457.81 
457.84 
457.87 
457.87 
457.87 
457.91 
457.91 
458.01 
458.07 
458.10 
458.17 
458.27 
458.23 
458.30 
458.43 
458.46 
458.53 
458.63 
458.73 
458 . 73 
458.76 
458.66 
458.66 
458.63 
458.53 

457 . a4 

19.59 
19.58 
19.56 
19.53 
19.52 
19.50 
19.47 
19.47 
19.47 
19.44 
19.44 
19 . 43 
19.40 
19.40 
19.38 
19.35 
19.36 
19.35 
19.34 
19.34 
19.34 
19.32 
19.32 
19.27 
19.25 
19.23 
19.20 
19.15 
19 . 17 
19.14 
19.08 
19.07 
19.04 
18.99 
18.94 
18.94 
18.93 
18.98 
18.98 
18.99 
19.04 

19.16 
19.14 
19.12 
19.08 
19.06 
19.04 
19.00 
18.99 
18.98 
18.94 
18.94 
18.91 
18.87 
18.87 
18.84 
18.80 
18.81 
18.79 
18.77 
18.76 
18.75 
18.72 
18.72 
18.66 
18 . 63 
18 . 61 
18.57 
18.51 
18.52 
18.49 
18.41 
18.39 
18.36 
18.30 
18.24 
18.23 
18.20 
18.23 
18.22 
18.23 
18.27 
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Table A-18. (concluded) 

Elapsed Depth Modified 
Time to Water Pressure Pressure 

Day Hr Min (hr) (ft) (psi) (Psi) 

66 22 25 
67 9 10 
67 22 20 
68 10 55 
69 8 55 
70 10 50 
71 13 20 
72 11 37 
73 10 40 
74 10 45 
75 10 45 
76 11 0 
77 10 45 
78 12 23 
79 13 45 
82 10 30 
84 11 10 
86 13 25 
89 11 40 
91 10 30 
93 9 55 
96 13 20 
98 10 40 
100 11 19 
103 11 20 
105 14 25 
108 11 0 
110 10 55 
113 9 50 
114 14 23 
118 11 45 
120 9 50 
126 10 5 
135 13 30 

1309.4 17 
1320.167 

1345.917 
1367.917 
1393.833 
1420.333 
1442.617 
1465.667 
1489.750 
1513.750 
1538.000 
1561.750 
1587.383 
1612.750 
1681.500 
1730.167 
1780.417 
1850.667 
1897.500 
1944.917 
2020.333 
2065.667 
2114.317 
2186.333 
2237.417 
2306.000 
2353.917 

2453.383 
2546.750 
2592.833 
2737.083 
2956.500 

1333 333 

2424.833 

458.56 
458.53 
458.53 
458.33 
458.27 
458.17 
458.01 
457.94 
457.74 
457.55 
457.35 
457.22 
457.05 
456.92 
456.86 
456.56 
456.46 
456.33 
456.33 
456.23 
456.23 
456.00 
455.94 
455.71 
455.38 
455.25 
455.05 
454.69 
454.40 
454.23 
453.81 
453.51 
452.82 
451.84 

19.02 
19.04 
19.04 
19.13 
19.15 
19.20 
19.27 
19.31 
19.40 
19.48 
19.58 
19.64 
19.71 
19.77 
19.80 
19.94 
19.98 
20.05 
20.05 
20.09 
20.09 
20.20 
20.22 
20.33 
20.48 
20.54 
20.63 
20.80 
20.93 
21.01 
21.20 
21.34 
21.66 
22.11 

18.25 
18.25 
18.24 
18.32 
18.32 
18.34 
18.39 
18.40 
18.47 

18.60 
18.63 
18.69 
18.72 
18.72 
18.79 
18.79 

18.73 
18.73 
18.68 
18.71 
18.70 
18.75 
18.83 
18.84 
18.87 
18.98 
19.05 
19.10 
19.20 
19.29 
19.46 
19.69 

la. 53 

18. a0 
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Table A-19. Pressures in Exhaust Shaft Culebra Piezometers During the WIPP-13 
Multipad Pumping Test 

Elapsed 
Time 

Dav Hr Min (hr) 

328 13 18 -1171.700 
330 10 11 -1126.817 
335 13 2 -1003.967 
339 8 12 -912.800 
342 8 58 -840.033 
344 12 38 -788.367 
346 8 6 -744.900 
352 11 27 -597.550 
356 13 11 -499.817 
357 10 36 -478.400 
358 10 12 -454.800 
363 8 37 -336.383 
364 8 4 -312.933 
2 14 30 -234.500 
5 15 29 -161.517 
7 8 58 -120.033 
9 12 10 -68 . 833 
12 7 44 -1.267 
13 8 1 23.017 
14 14 58 53.967 
16 11 25 98 . 417 
19 9 43 168.717 
20 13 24 196.400 
21 8 0 215.000 
22 7 38 238.633 
23 7 52 262.867 
24 8 43 287.717 
26 9 15 336.250 
28 19 19 394.317 
29 12 7 411.117 
30 20 18 443.300 
32 17 0 488.000 
33 11 26 506.433 
34 7 38 526.633 
35 12 19 555.317 
36 13 51 580.850 
37 8 22 599.367 
38 16 35 631.583 
39 16 45 655.750 

#210 
Pressure 

(psig) 

113.88 
114.51 
113.88 
114.51 
114.51 
114.51 
115.13 
115.13 
115.13 
115.13 
115.13 
115.13 

115.76 
115.76 
115.76 
115.76 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 

-- 

-- 

#211 
Pressure 

(psig) 

108.16 
108.85 
108.85 
108.16 
108.85 
108.85 
108.85 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 

#212 
Pressure 

(PSid 

112.96 
112.96 
112.96 
112.96 
112.96 
113.46 
113.46 
113.96 
113.96 
113.96 
113.96 
114.46 
114.46 
113.96 
114.46 
114.46 
114.97 
114.97 
114.97 
114.97 
114.97 
114.97 
114.97 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 

115.46 
115.46 
115.46 

-- 

#212 
Modified + 

Pressure 
(psig) 

115.69 
115.61 
115.39 
115.23 
115.10 
115.50 
115.43 
115.66 
115.49 
115.45 
115.41 
115.69 
115.65 
115.01 
115.38 
115.30 
115.72 
115.60 
115.56 
115.50 
115.42 
115.30 
115.25 
115.70 
115.66 
115.62 
115.57 
115.48 
115.38 
115.35 
115.29 
115.21 
115.18 
115.14 
115.09 

115.01 
114.95 
114.91 

-- 

+ Modified Pressure = Pressure - [(0.431 psi/240 hrs) x (Elapsed Time - 350 hrs)] 

(continued) 
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Table A-19. (continued) 

#212 
Elapsed #210 #211 #212 Modified 

Time Pressure Pressure Pressure Pressure 
Day Hr Min (hr) (psig) (psig) (psig) (psig) 
40 7 47 
41 11 41 
42 11 46 
43 11 12 
44 11 55 
47 12 15 
48 8 57 
49 12 25 
50 11 31 
51 13 36 
52 8 36 
53 12 35 
54 13 16 
55 13 21 
56 7 45 
57 7 50 
58 8 0 
59 8 36 
61 10 28 
63 7 53 
64 10 27 
65 7 34 
66 8 11 
67 10 15 
68 8 6 
69 9 19 
70 7 35 
71 7 58 
72 8 18 
73 9 10 
75 7 31 
76 7 45 
77 7 31 
78 8 16 
79 7 37 
80 7 49 
82 10 42 
83 7 53 
84 7 37 

(continued) 

670.783 
698.683 
722.767 
746.200 
770.917 
843.250 
863.950 
891.417 
914.517 
940.600 
959.600 
987.583 
1012 267 
1036.350 
1054.750 
1078.833 
1103.000 
1127.600 
1177.467 
1222.883 
1249.450 
1270.567 
1295.183 
1321.250 
1343.100 
1368.317 
1390.583 
1414.967 
1439 . 300 
1464.167 
1510.517 
1534.750 
1558.517 
1583.267 
1606 . 617 
1630.817 
1681.700 
1702.883 
1726.617 

116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
115.76 
115.76 
115.76 
115.76 
115.76 
115.76 
115.13 
115.13 
115.13 
115.13 
115.13 
115.13 
115.13 
115.13 
115.13 
115 13 
115.13 
115.76 
115.76 
115.76 
115.76 
115.76 
115.76 
115.76 
115 . 76 
115.76 
115 76 
116 39 
116.39 
116 39 
116.39 
116.39 

110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
108.85 
108.85 
108.85 
108.85 
108.85 
108.85 
108.85 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
109.55 
169.55 
109.55 
109.55 
109.55 
109.55 
110.25 
110.25 

115.46 
114.97 
114.97 
114.97 
114.97 
114.97 
114.97 
114.97 
114.46 
114.46 
114.46 
114.46 
114.46 
113.96 
113.96 
113.96 
113.96 
113.96 
113.96 
113.96 
113.96 
113.96 
113.96 
113.96 
113.96 
114.46 
114.46 
114.46 
114.46 
114.46 
114.46 
114.46 
114.97 
114.97 

114.97 
114.97 
114.97 
114.97 

114 97 

114.88 
114.34 
114.30 
114.26 
114.21 
114.08 
114.05 
114.00 
113.45 
113.40 
113.36 
113.31 
113.27 
112.73 
112.69 
112.65 
112.61 
112.56 
112.47 
112.39 
112.34 
112.31 
112.26 
112.22 
112.18 
112.63 
112.59 
112.55 
112.50 
112.46 
112.38 
112.33 
112.80 
112.75 
112.71 
112.67 
112.58 
112.54 
112.50 
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Table A-19. (concluded) 

#212 
Elapsed #210 #211 #212 Modified 

Time Pressure Pressure Pressure Pressure 
Day Hr Min (hr) (psig) (psig) (PSk) (psig) 
85 7 31 
86 7 41 
89 7 35 
90 7 42 
91 7 29 
92 7 28 
93 7 38 
96 6 43 
97 6 40 
98 6 48 
100 7 9 
101 8 14 
103 6 36 
104 7 7 
105 6 24 
106 12 16 
107 6 27 
110 9 44 
111 7 54 
113 6 56 
114 6 38 
115 7 48 
117 6 11 
118 9 4 
119 6 11 
120 9 4 
121 6 48 
125 8 38 
132 6 37 
140 6 25 
141 9 24 
142 8 40 
148 8 12 
149 6 57 
150 15 24 
151 8 41 
152 8 44 
153 12 22 

1750 . 517 
1774.683 
1846.583 
1870.700 
1894.483 
1918.467 
1942 . 633 
2013.717 
2037.667 
2061.800 
2110.150 
2135.233 
2181.600 
2206.117 
2229.400 
2259.267 
2277.450 
2352.733 
2374.900 
2421.933 
2445.633 
2470.800 
2517.183 
2544.067 
2565.183 
2592.067 
2613.800 
2711.633 
2877.617 
3069.417 
3096.400 
3119.667 
3263.200 
3285.950 
3318 . 400 
3335.683 
3359.733 
3387.367 

116.39 
116.39 
116.39 
116 . 39 
116 . 39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
116.39 
117.01 
117.01 
117.01 
117.01 
117.01 
117 . 64 
117 . 64 
117.64 
117.64 
117 . 64 
117 . 64 
118 . 26 
118 . 26 
118 . 26 
118 . 26 
118.89 
118 . 89 
119.51 
119 . 51 
119 . 51 
120.75 
120.13 
120.13 
120.13 
120.13 
120.13 

110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.25 
110.94 
110.94 
110.94 
110.94 
110.94 
110.94 
111.63 
111.63 
111.63 
111.63 
111.63 
111.63 
111.63 
111.63 
112.33 
112 . 33 
113.02 
113.02 
113.02 
113 . 71 
113.71 -- -- 
113.71 
113.71 

115.46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.46 -- -- 
115.46 
115.46 

115 . 46 
115.46 
115.46 
115.46 
115.46 
115.46 
115.96 
115.96 
115.96 
115.96 
116.46 
116.46 
116.46 
116.46 
116.46 
116.46 
116.96 
117 . 46 
117.46 
117 . 46 
117.96 
117.96 
117.96 
117 . 96 
117.96 
117.96 

-- 

112.94 
112.90 
112 . 77 
112.73 
112 . 69 
112.64 
112.60 -- -- 
112.39 
112.30 

112.17 
112.13 
112.08 
112.03 
112.00 
111.86 
112.32 
112.24 
112.20 
112.15 
112.57 
112.52 
112.48 
112.43 
112.39 
112.22 
112.42 
112.58 
112.53 
112.49 
112.73 
112.69 
112.63 
112.60 
112.56 
112.50 

-- 
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Table A-20. Water Levels in Observation Well H-1 
Magenta During the WIPP-13 Multipad Pumping Test 

Elapsed 
Time 

Day Hr Min 

Depth 
to Water 

336 11 14 
343 12 40 
349 12 30 
357 9 40 

5 13 45 
14 16 32 
16 15 30 
19 17 15 
20 9 50 
21 13 50 
23 13 41 
26 16 0 
28 9 20 
30 15 35 
33 11 7 
35 9 5 
37 15 5 
40 11 14 
42 14 50 
44 16 37 
47 9 40 
61 11 40 
78 14 45 
91 15 25 
91 15 30 
106 11 10 
120 10 20 

-981.767 
-812.333 
-668.500 
-479.333 
-163.250 

55.533 
102.500 
176.250 
192.833 
220.833 
268.683 
343.000 
384.333 
438.583 
506.117 
552.083 
606.083 
674.233 
725.833 
775.617 
840.667 
1178.667 
1589 . 750 
1902 . 417 
1902.500 
2258.167 
2593.333 

257 . 84 
258 . 43 
260.40 
262.73 
263.19 
259.97 
259.51 
258.69 
258.96 
258.92 
258.69 
259.12 
259 . 12 
259.28 
258.40 
258.20 
259.51 
259 . 88 
257 . 87 
257.22 
256.17 
259.42 
259.78 
263.68 
263.65 
265.16 
267.55 
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Table A-21. Water Levels in Observation Well H-6c 
Magenta During the WIPP-13 Multipad Pumping Test 

Elapsed Depth 
Time to Water 

Day Hr Min (hr) (ft) 

338 14 0 
357 12 11 

6 14 5 
13 12 30 
14 14 30 
16 13 40 
19 16 15 
20 8 45 
21 9 45 
23 12 21 
26 13 21 
28 11 21 
30 13 15 
33 9 14 
35 10 25 
37 13 40 
41 11 20 
42 12 20 
44 14 25 
47 11 28 
61 11 20 
92 10 25 
119 9 45 
135 15 5 

-931.000 
-476 . 817 
-138 . 917 

27.500 
53.500 
100.667 
175.250 
191.750 
216.750 
267.350 
340.350 
386.350 
436.250 
504.233 
553. 417 
604 . 667 
698.333 
723.333 
773.417 
842.467 
1178 . 333 
1921.417 
2568.750 
2958 . 083 

296 . 75 
294.95 
294 . 36 
293.90 
293.73 
293.93 
293.64 
293.67 
293.70 
293.57 
293.57 
293.44 
293 -37 
293.27 
293.04 
293.31 
292.91 
292.78 
292.78 
292.78 
292.42 
291.96 
291 . 50 
291.17 
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Techniques for Analyzing Multiwell Pumping-Test Data 

The analysis of data from multiwell pumping tests 
may be divided into analysis of the pumping-well data 
and analysis of the observation-well data. The differ- 
ent techniques that may be used for these analyses are 
presented below. The well-test interpretation code 
INTERPRET is also described. 

B. 1 Pumping-Well Data 
Analysis 

Pumping-well data, both from the drawdown and 
recovery periods, may be analyzed with either single- 
porosity or double-porosity interpretation techniques 
and with log-log and semilog plotting techniques. 
These are described below. The drawdown and recov- 
ery analyses should provide nearly identical results. 
Consistency of results validates the conceptual model 
used in the analysis. 

6.1.1 Single-Porosity Log-Log Analysis 
Single-porosity log-log analysis of drawdown and 

buildup (recovery) data may be performed using a 
method presented by Gringarten et al. (1979) and 
modified to include the pressure-derivative technique 
of Bourdet et al. (1984). This method applies to both 
the drawdown and buildup during or after a constant- 
rate flow period of a well that fully penetrates a 
homogeneous, isotropic, horizontal, confined porous 
medium. When used to interpret a test performed in a 
heterogeneous, anisotropic aquifer, the method pro- 
vides volumetrically averaged results. 

Gringarten et al. (1979) constructed a family of 
log-log type curves of dimensionless pressure, pD, ver- 
sus a dimensionless time group defined as dimension- 
less time, tD, divided by dimensionless wellbore stor- 
age, CD, 

where: 

kh 
141.2qBp AP PD= 

t~ 0.000295 kht -= 
CD PC 

and: 

k = permeability, millidarcies (md) 
h = test interval thickness, f t  

q = flow rate, barreldday (bpd) 
B = formation volume factor (B = 1.0 in single- 

phase water reservoir) 
/I = fluid viscosity, centipoises (cp) 
t = elapsed time, hours 

d) = porosity 
c, = total-system compressibility, l/psi 
rw = wellbore radius, f t  
C = wellbore storage coefficient, barreldpsi 

Ap = change in pressure, psi 

Each type curve in the family of curves (Figure 
B-1) is characterized by a distinct value of the param- 
eter CDe2*, where: 

s = skin factor 

A positive value of s indicates wellbore damage or 
a wellbore with a lower permeability than the forma- 
tion as a whole as a result of drilling effects. A negative 
value of s indicates a wellbore with enhanced perme- 
ability, usually caused by one or more fractures inter- 
secting the wellbore. 

The type curves begin with an initial segment 
having a unit slope corresponding to early-time well- 
bore storage and skin effects. The duration of this unit 
slope segment is proportional to the amount of well- 
bore storage and skin that are present. At late time, 
the curves flatten as infinite-acting radial-flow effects 
dominate. 
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Figure B-1. Single-Porosity Type Curves for Wells With Wellbore Storage and Skin 

Bourdet et al. (1984) added the pressure deriva- 
tive to the analytical procedure by constructing a 
family of type curves of the semilog slope of the 
dimensionless pressure response versus the same di- 
mensionless time group, tD/CD. The semilog slope of 
the dimensionless pressure response is defined as: 

where: 

P ' ~  = dimensionless pressure derivative 

These curves are plotted on the same log-log 
graphs as the type curves of Gringarten et al. (1979), 
with the vertical axis now also labeled (t&D)pfD 
(Figure B-2). Again, each individual type curve is 
characterized by a distinct value of CDe2'. Pressure- 
derivative type curves begin with an initial segment 

with unit slope corresponding to early-time wellbore 
storage and skin effects. This segment reaches a maxi- 
mum that is proportional to the amount of wellbore 
storage and skin, and then the curve declines and 
stabilizes a t  a dimensionless pressure/semilog slope 
value of 0.5, corresponding to late-time, infinite- 
acting, radial-flow effects. 

Pressure-derivative data in combination with 
pressure data are much more sensitive indicators of 
double-porosity effects, boundary effects, nonstatic 
antecedent test conditions, and other phenomena 
than are pressure data alone. For this reason, 
pressure-derivative data are useful in choosing be- 
tween conflicting phenomenological models that often 
cannot be differentiated on the basis of pressure data 
alone. Pressure-derivative data are also useful in de- 
termining when infinite-acting, radial-flow conditions 
occur during a test because these conditions cause the 
pressure derivative to stabilize at a constant value. 
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Figure 6-2. Single-Porosity Type Curves and Pressure-Derivative Type Curves for Wells With Wellbore Storage and Skin 

For any given point, the pressure derivative is n-1 

calculated as the linear-regression slope of a semilog xi = [ X(qi-qi-J log 
line fit through that point and any chosen number of 

the derivative follows: 

i = l  

neighboring points on either side. The equation for + (qn-qn-i) log A t  

n n n  where: 

i = l  i = l  
with subscripts: 

where, for a single constant-rate flow period: 

n = number of points to be fitted 
xi = In At, 
yi = APi 

At,  = elapsed test time a t  point i, hr 
Ap, = pressure change a t  Ati, psi 

For a multirate flow period or a buildup period, 
the time parameter is a superposition function calcu- 
lated as: 

(B-6) q = flowrate, bpd 
A t  = elapsed time during a flow period, hr 

i = individual flow period 
j = individual flow period 
n = number of flow periods considered 

In general, the fewer the number of points used in 
calculating the derivative, the more accurate it will be. 
Three-point derivatives, calculated using only the 
nearest neighbor on either side of a point, usually 
provide enough resolution to distinguish most impor- 
tant features. However, excessive noise in the data 
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sometimes makes it necessary to use five- or seven- 
point derivatives, or various “windowing” procedures, 
to obtain a smooth curve. Unfortunately, this may also 
smooth out some of the features sought. 

The type curves published by both Gringarten et 
al. (1979) and Bourdet et al. (1984) were derived for 
flow-period (drawdown) analysis. In general, the 
curves can also be used for buildup-period analysis, so 
long as it is recognized that, at late time, buildup data 
will fall below the drawdown type curves because of 
superposition effects. 

If the test analysis is to be done manually, the 
buildup data are plotted as pressure change since 
buildup began (Ap) versus elapsed time since buildup 
began (t) on log-log paper of the same scale as the type 
curves. The derivative of the pressure change is also 
plotted using the same vertical axis as the Ap data. 
The data plot is then laid over the type curves and 
moved both laterally and vertically, so long as the axes 
remain parallel, until a fit is achieved between the 
data and pressure and pressure-derivative curves with 
the same CDeZs value. When the data fit the curves, an 
arbitrary match point is selected, and the coordinates 
of that point on both the data plot, t and Ap, and on 
the type-curve plot, pD and t&D, are noted. The 
permeability-thickness product is then calculated 
from a rearrangement of Eq (B-1): 

PD kh = 141.2qBp- 
AP 

The groundwater-hydrology parameter transmis- 
sivity, T, is related to the permeability-thickness 
product by the following relationship, modified from 
Freeze and Cherry (1979): 

where: 

p = fluid density, M/L3 
g = gravitational acceleration, L/T2 
p = fluid viscosity, M/LT 

When T is given in ft2/day, kh is given in 
millidarcy-feet, p is given in g/cm3, g is set equal to 
980.665 cm/s2, and p is given in centipoises, Eq (B-9) 
becomes: 

T = 2.7435 X lop3 khplp (B-lo) 

The wellbore storage coefficient is calculated from 
a rearrangement of Eq (B-4): 
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0.000295 kht c=-- 
PtDICD 

(B-11) 

Finally, if estimates of porosity and total-system 
compressibility are available, the skin factor can be 
calculated from the value of the CDeZs curve selected 
and Eq (B-3): 

1 cDe2s 
0.8936C/6cthr: 

s = 0.5 In (B- 12) 

B. 1.2 Double-Porosity Log-Log Analysis 
Double-porosity media have two porosity sets 

that differ in terms of storage volume and permeabili- 
ty. Typically, the two porosity sets are (1) a fracture 
network with higher permeability and lower storage, 
and (2) the primary porosity of the rock matrix with 
lower permeability and higher storage. During a hy- 
draulic test, these two porosity sets respond different- 
ly. With high-quality test data, the hydraulic parame- 
ters of both porosity sets can be quantified. 

During a hydraulic test in a double-porosity medi- 
um, the fracture system responds first. Initially, most 
of the water pumped comes from the fractures, and 
the pressure in the fractures drops accordingly. With 
time, the matrix begins to supply water to the frac- 
tures, causing the fracture pressure to stabilize and 
the matrix pressure to drop. As the pressures in the 
fractures and matrix equalize, both systems produce 
water to the well. The total-system response is then 
observed for the balance of the test. 

The initial fracture response and the final total- 
system response both follow the single-porosity type 
curves described earlier. By simultaneously fitting the 
fracture response and the total-system response to 
two different CDe2’ curves, we can derive fracture- 
system and total-system properties. Information on 
the matrix, and additional information on the fracture 
system, can be obtained by interpretation of the data 
from the transition period when the matrix begins to 
produce to the fractures. Two different sets of type 
curves can be used to try to fit the transition-period 
data. 

Transition-period data are affected by the nature, 
or degree, of interconnection between the matrix and 
the fractures. Warren and Root (1963) published the 
first line-source solution for well tests in double- 
porosity systems. They assumed that flow from the 
matrix to the fractures (interporosity flow) occurred 
under pseudosteady-state conditions; that is, that the 
flow between the matrix and the fractures was directly 
proportional to the average head difference between 



those two systems. Other authors, such as Kazemi 
(1969) and de Swaan (1976), derived solutions using 
the diffusivity equation to govern interporosity flow. 
These are known as transient interporosity flow solu- 
tions. Mavor and Cinco-Ley (1979) added wellbore 
storage and skin to the double-porosity solution, but 
still used pseudosteady-state interporosity flow. 
Bourdet and Gringarten (1980) modified Mavor and 
Cinco-Ley’s (1979) theory to include transient inter- 
porosity flow and generated type curves for double- 
porosity systems with both pseudosteady-state and 
transient interporosity flow. 

Pseudosteady-state and transient interporosity 
flow represent two extremes; all intermediate beha- 
viors are also possible. Gringarten (1984), however, 
indicates that the majority of tests he has seen exhibit 
pseudosteady-state interporosity flow behavior. 

In recent years, Gringarten (1984, 1986) has sug- 
gested that the terms “restricted” and “unrestricted” 
interporosity flow replace the terms “pseudosteady- 
state” and “transient” interporosity flow. He believes 
that all interporosity flow is transient in the sense that 
it is governed by the diffusivity equation. But in the 
case where the fractures possess a positive skin similar 
to a wellbore skin (caused, for example, by secondary 
mineralization on the fracture surfaces) that restricts 
the flow from the matrix to the fractures, the observed 
behavior is similar to that described by the pseudo- 
steady-state formulation (Moench, 1984; Cinco-Ley et 
al., 1985). “Transient” interporosity flow is observed 
when there are no such restrictions. Hence, the terms 
“restricted” and “unrestricted” more accurately de- 
scribe conditions than do the terms “pseudosteady- 
state” and “transient.” The recent terminology of 
Gringarten is followed in this report. 

Restricted lnterporosity Flow 
Warren and Root (1963) defined two parameters 

to aid in characterizing double-porosity behavior. 
These are the storativity ratio, w, and the interporo- 
sity flow coefficient, A. The storativity ratio is defined 
as: 

where: 

(8-13) 

with subscripts: 

f = fracture system 
m = matrix 

The interporosity flow coefficient is defined as: 

2 krn 

k* 
X = ar, - (8-14) 

where a is a shape factor characteristic of the geome- 
try of the system and other terms are as defined 
earlier. 

The shape factor, a, is defined as: 

(8-15) 

where: 

n =number of normal sets of planes limiting the 

t = characteristic dimension of a matrix block (ft) 
matrix 

Bourdet and Gringarten (1980) constructed a 
family of transition type curves for restricted inter- 
porosity flow on the same axes as the CDe2’ curves of 
Gringarten et al. (1979), with each transition curve 
characterized by a distinct value of the parameter 
Xe-”. Together, the single-porosity type curves 
and the transition type curves make up the double- 
porosity type curves (Figure B-3). 

In manual double-porosity type-curve matching, 
a log-log plot of the data is prepared as in single- 
porosity type-curve matching. The data plot is then 
laid over the double-porosity type curves and moved 
both laterally and vertically, so long as the axes re- 
main parallel, until (1) the early-time (fracture flow 
only) data fall on one CDe2* curve, (2) the middle 
portion of the transition data falls on a Xe-” curve, 
and (3) the late-time (total-system) data fall on a 
lower CDeZs curve. In computer-aided analysis, 
pressure-derivative curves for double-porosity sys- 
tems may also be prepared (Gringarten, 1986). The 
number of possible curve combinations, however, pre- 
cludes preparation of generic pressure-derivative 
curves for manual double-porosity curve fitting. 

$=ratio of the pore volume in the system to the 

V =the ratio of the total volume of one system to the 

ct =total compressibility of the system 

total-system volume 

bulk volume 
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Figure B-3. Double-Porosity Type Curves for Wells With Wellbore Storage, Skin, and Restricted Interporosity Flow 

When a fit of the data plot to the type curves is 
achieved, an arbitrary match point is selected, and the 
coordinates of that point on both the data plot, t and 
Ap, and the type-curve plot, tD/CD and pD, are noted. 
The values of CDe2' and he-2s of the matched curves 
are also noted. The permeability-thickness product of 
the fracture system (and also of the total system 
because fracture permeability dominates) and the 
wellbore storage coefficient are calculated from Eqs 
(B-8) and (B-11). The storativity ratio, w, is calculated 
from: 

(B-16) 

The dimensionless wellbore storage coefficient for 
the matrix is calculated as: 

(B-17) 

This leads to the dimensionless wellbore storage 
coefficient for the total system: 

Then the skin factor is calculated as: 

(CDe2s)f+m s = 0.5 ln[ (c D ) f + m  ] (B-19) 

The interporosity flow coefficient is calculated 
from: 

(B-20) 

If matrix permeability and geometry are known 
independently, Eqs (B-14) and (B-15) can be used to 
determine the effective dimensions of the matrix 
blocks. 

Unrestricted Interporosity Flow 
Matrix geometry is more important for unrestrict- 

ed interporosity flow than for restricted interporosity 
flow because the former is governed by the diffusivity 

152 



equation. A different set of type curves is used, there- 
fore, to match transition-period data when unrestrict- 
ed interporosity flow conditions exist (Figure B-4). 
Bourdet and Gringarten (1980) characterize each 
curve with a different value of the parameter ,8, the 
exact definition of which is a function of the matrix 
geometry. For example, for slab-shaped matrix blocks, 
they give: 

and for spherical blocks they give: 

p = -  10 (CDeZS)r+, 
3y2 hewza 

where: 

(B-2 1) 

(8-22) 

Moench (1984) provides an extensive discussion 
on the effects of matrix geometry on unrestricted 
interporosity flow. 

Manual double-porosity type-curve matching 
with unrestricted-interporosity-flow transition curves 
is performed in exactly the same manner as with 
restricted-interporosity-flow transition curves, de- 
scribed earlier. The same equations are used to derive 
the fracture and matrix parameters, except that the 
matrix geometry must now be known or assumed to 
obtain the interporosity flow coefficient, A, from re- 
arrangement of Eq (B-21) or (B-22). 

6.1.3 Semilog Analysis 
Two semilog plotting techniques are commonly 

used in the interpretation of hydraulic-test data. 
These produce a Horner plot and a dimensionless 
Horner plot. 

y = exponential of Euler's constant ( = 1.781) 
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Figure 8-4. Double-Porosity Type Curves for Wells With Wellbore Storage, Skin, and Unrestricted Interporosity Flow 
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Horner Plot 
Horner (1951) provided a method of obtaining 

permeability and static formation pressure values in- 
dependent of log-log type-curve matching, although 
the two methods are best used in conjunction. 
Homer's method applies to the buildup (recovery) of 
the pressure after a constant-rate flow period in a well 
that fully penetrates a homogeneous, isotropic, hori- 
zontal, infinite, confined reservoir. For a recovery 
after a single flow period, Homer's solution is: 

t, + d t  
p(t) = p* - 

162.6qBlr. 

kh log[T] 
(8-23) 

where: 

p(t) = pressure at time t ,  psi 
p* = static formation pressure, psi 
t, = duration of previous flow period, hr 
dt =time elapsed since end of flow period, hr 

and other terms are as defined earlier under Eq (B-4). 
For a recovery after multiple flow periods, the time 
group in Eq (B-23) is replaced by the superposition 
function given in the right-hand side of Eq (B-7). 

The permeability-thickness product (kh) is ob- 
tained by (1) plotting p(t) versus log [(t, + dt)/dt] (or 
the superposition function), (2) drawing a straight line 
through the data determined from the log-log 
pressure-derivative plot to be representative of 
infinite-acting radial flow, and (3) measuring the 
change in p(t) on this line over one log cycle of time 
(m). Equation (B-23) can then be rearranged and 
reduced to: 

kh = 162.6qBplm (B-24) 

Static formation pressure is estimated by extrapo- 
lating the radial-flow straight line to the pressure axis 
where log [(t, + dt)/dt] = 1, representing infinite 
recovery time. In the absence of reservoir boundaries, 
the pressure intercept a t  that time should equal the 
static formation pressure. 

Horner (1951) also suggested a modification of his 
method for the case where the flow rate was not held 
constant. This modification was later theoretically 
verified for the case of constant-pressure, variable- 
rate production by Ehlig-Economides (1979). The 
modification entails calculating a modified produc- 
tion time: 

V = total flow produced, barrels 
q, = final flow rate, barrelshr (bph) 

The modified production time, tp*, is substituted 
for the actual production time, t,, in Eq (B-231, and 
the analysis proceeds as before. The modified produc- 
tion time can also be used for calculation of buildup 
type curves for log-log analysis. 

Dimensionless Horner Plot 
The dimensionless Horner plot represents a sec- 

ond useful semilog approach to hydraulic-test inter- 
pretation. Once type-curve and match-point selec- 
tions have been made through log-log analysis, this 
technique allows the single- or double-porosity CDeZs 
type curves to be superimposed on a normalized semi- 
log plot of the data. Logarithmic dimensionless times 
for the data are calculated using: 

(8-26) 

where all parameters are as defined earlier. The di- 
mensionless times calculated using Eq (B-26) are plot- 
ted on a linear scale. Dimensionless pressures for the 
data are calculated using: 

(B-27) 

where pD and Ap are the log-log match-point coordi- 
nates, and the other parameters are as defined earlier. 
Dimensionless pressures are also plotted on a linear 
scale. 

The type curves are plotted on the same axes with 
dimensionless time defined as: 

(B-28) 

and dimensionless pressure defined as: 

tp* = v/q, (B-25) 
(B-29) 

where: 
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The dimensionless Horner plot is a very sensitive 
indicator of inaccuracies in type-curve, match-point, 
and static-formation-pressure selections (Gringarten, 
1986). By iterating between dimensionless Horner and 
log-log plots, very accurate hydraulic parameters can 
be obtained. 

B.2 Observation-Well Data 
Analysis 

For distant observation wells monitored during 
pumping tests, the drawdown and recovery data can 
be analyzed using a method first described by Theis 
(1935) for single-porosity systems. Use of a single- 
porosity interpretation technique for an observation 
well in a double-porosity aquifer is justified when 
the observation well is far enough from the pumping 
well that only total-system responses are observed. 
Deruyck et al. (1982) provide the following criterion 
for being able to measure double-porosity responses a t  
an observation well: 

> gage resolution + noise (8-30) 2 In - 
rm 

where: 

rD = rlrw (8-31) 

r = radial distance to pumping well, f t  

and other terms are as defined earlier. Generally, this 
criterion limits observable double-porosity responses 
to a maximum distance of tens to perhaps hundreds of 
feet from the pumping well. 

Theis (1935) created a log-log drawdown type 
curve of pD versus tD/rD2 using an exponential integral 
(Ei) solution for drawdown caused by a line-source 
well in a porous medium: 

PD = -0.5 Ei(-rD2/4tD) (8-32) 

where: 

(8-33) 

The terms pD and t D  are defined by Eqs (B-1) and 
(B-2), respectively; other terms are as defined in Sec- 
tion B.l.l. This type curve applies to the analysis of 
drawdown at both pumping wells (assuming no well- 
bore storage) and observation wells. 

Elapsed pumping time (t) and drawdown (Ap) are 
plotted on log-log paper of the same scale as the type 
curve. The observed data are matched to the line- 
source type curve, thus defining a match point. The 
two sets of coordinates of that point, t and Ap, and 
tD/rD2 and pD, are used with Eqs (B-8) and (B-33) 
to calculate the permeability-thickness product and 
the porosity-compressibility-thickness product, re- 
spectively. 

The permeability-thickness product is related to 
transmissivity through Eqs (B-9) and (B-10). Nara- 
simhan and Kanehiro (1980) give the relationship 
between the porosity-compressibility-thickness prod- 
uct and the groundwater-hydrology parameter stora- 
tivity, S, in consistent units as: 

When total compressibility, c,, is in units of l/psi, 
thickness, h, is in units of ft ,  fluid density, p, is in units 
of g/cm3, and gravitational acceleration, g, is set equal 
to 980.665 cm/s2, Eq (B-34) becomes: 

S = 0.4335&,hp (8-35) 

B.3 Interpret Well-Test 
Interpretation Code 

Manual type-curve fitting is a time-consuming 
process limited by the published type curves available 
and by the degree of resolutionldifferentiation obtain- 
able in manual curve fitting. The analyses presented 
in this report were not performed manually but by 
using the well-test analysis code INTERPRET devel- 
oped by A. C. Gringarten and Scientific Software- 
Intercomp (SSI). INTERPRET is a proprietary code 
that uses analytical solutions. It can be leased from 
SSI. 

INTERPRET can analyze drawdown (flow) and 
recovery (buildup) tests in single-porosity, double- 
porosity, and fractured media. For production-well 
data analysis, it incorporates the analytical tech- 
niques discussed earlier and additional techniques 
discussed in Gringarten et al. (1974), Bourdet and 
Gringarten (1980), and Gringarten (1984). Rather 
than relying on a finite number of drawdown type 
curves, INTERPRET calculates the precise draw- 
down or buildup type curve corresponding to the 
match point and data point selected by the user. For 
observation-well data analysis, the INTERPRET 
code uses the line-source solution of Theis (1935). 
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After type-curve selection, INTERPRET simu- 
lates the test with the chosen parameters so that the 
user can see how good the match truly is. Through an 
iterative parameter-adjustment process, the user fine- 
tunes the simulation until satisfied with the results. 
Log-log, semilog (Horner and dimensionless Horner), 
and linear-linear plotting techniques are all used to 
ensure consistency of the final model with the data in 
every respect. Once the final model is selected, 
INTERPRET carries out all necessary calculations 
and provides final parameter values. Analyses 
obtained using INTERPRET have been verified by 
manual checks. 

In addition to standard type-curve analysis, 
INTERPRET allows the incorporation of constant- 
pressure and no-flow boundaries in analysis, using the 
theory of superposition and image wells discussed by 
Ferris et al. (1962) and others. A constant-pressure 
boundary can be simulated by adding a recharge 
(image) well to the model. A no-flow boundary can be 
simulated by adding a discharge (image) well to the 
model. Drawdowns/rises from multiple discharge/ 
recharge wells are additive. In INTERPRET, an 
image well (either discharge or recharge) is included 
by specifying a dimensionless distance for the image 
well from the production or observation well and by 
using the line-source solution of Theis (1935; see 
Section B.2) to calculate the drawdown or recovery 

caused by that well at  the well under consideration. In 
the case of a production well, the dimensionless dis- 
tance to the image well is related to the “actual” 
distance to the image well, ri, by the following: 

ri = rw JT& (6-36) 

where: 

DD = dimensionless distance 

and other terms are as defined earlier. The actual 
hydraulic boundary is then half of the distance to the 
image well from the production well. 

Defining distances to hydraulic boundaries from 
observation-well data is more complex. The dimen- 
sionless distance to the image well is related to the 
“actual” distance to the image well, ri, by the following: 

ri = r &  (6-37) 

The hydraulic boundary is then tangential to a 
circle having radius ri centered midway between 
the production well and the observation well. Data 
from three or more observation wells are required to 
define the location and orientation of this boundary 
precisely. 
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APPENDIX C 

Barometric-Pressure Data 
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Table C-1. WIPP-13 Multipad Pumping Test 
Barometric Pressure Data 

Day Hr Min 

12 9 0 
12 12 30 
12 15 0 
12 18 0 
13 0 0 
13 10 0 
13 14 0 
13 17 0 
13 21 0 
14 1 0 
14 7 0 
14 11 0 
14 15 0 
14 19 0 
14 23 0 
15 8 30 
15 13 0 
15 17 0 
16 9 0 
16 13 0 
16 17 0 
16 21 0 
17 9 0 
17 13 0 
17 17 0 
17 21 0 
18 9 0 
18 13 0 
18 17 0 
18 21 0 
19 9 0 
19 13 0 
19 17 0 
19 21 0 
20 9 0 
20 12 8 
20 17 0 
20 21 0 
21 9 0 
21 13 0 
21 17 0 

(continued) 

Elapsed 
Time 
(hr) 

0.0000 
3.5000 
6.0000 
9.0000 
15.0000 
25.0000 
29.0000 
32.0000 
36.0000 
40.0000 
46.0000 
50.0000 
54 .OOOO 
58.0000 
62.0000 
71.5000 
76.0000 
80.0000 
96.0000 
100.0000 
104.0000 
108.0000 
120.0000 
124.0000 
128.0000 
132.0000 
144.0000 
148.0000 
152.0000 
156.0000 
168.0000 
172.0000 
176.0000 
180.0000 
192.0000 
195.1270 
200.0000 
204.0000 
216.0000 
220.0000 
224.0000 

Barometric 
Pressure 

(psis) 

13.133 
13.094 
13.077 
13.080 
13.069 
13.039 
12.971 
12.959 
12.955 
12.941 
12.940 
12.952 
12.922 
12.957 
12.980 
13.017 
12.985 
12.972 
13.003 
12.988 
12.979 
12.987 
12.972 
12.953 
12.972 
13.023 
13.041 
13.005 
12.997 
13.006 
13.039 
12.986 
12.978 
13.033 
13.116 
13.105 
13.090 
13.097 
13.039 
13.026 
13.071 

159 



Table C-1. (continued) 

Elapsed Barometric 
Time Pressure 

Day Hr Min (hr) (psis) 

21 21 
22 13 
22 17 
22 21 
23 9 
23 13 
23 17 
23 21 
24 9 
24 11 
24 13 
24 17 
24 21 
25 9 
25 17 
25 21 
26 8 
26 13 
26 17 
26 21 
27 9 
27 13 
27 17 
27 21 
28 9 
28 21 
29 9 
29 21 
30 11 
30 21 
31 9 
31 21 
32 9 
32 21 
33 9 
33 21 
34 11 
34 21 
35 9 
35 21 
36 15 

(continued) 

0 
0 
0 
0 
47 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

228.0000 
244 . 0000 
248 . 0000 
252.0000 

268.0000 
272 . 0000 
276.0000 
288 . 0000 
290.0000 
292 . 0000 
296.0000 
300.0000 
312.0000 
320.0000 
324 . 0000 
335.2840 
340.0000 
344 . 0000 
348.0000 
360.0000 
364.0000 
368.0000 
372 . 0000 
384.0000 
396.0000 
408 . 0000 
420.0000 
434.0000 
444.0000 
456.0000 
468.0000 
480.0000 
492.0000 
504 . 0000 
530.0000 
540.0000 
552.0000 
564 . 0000 
582.0000 

263 7780 

516.0000 

13.116 
13.089 
13 . 051 
13.041 
12.987 
12.945 
12.919 
12.919 
12.966 
12.961 
12.955 
13.011 
13 . 043 
13.082 
13.077 
13.104 
13.145 
13.127 
13.112 
13.110 
13.105 
13.059 
13.035 
13.039 
13.011 
12.974 
13.059 
13.049 
13.124 
13.050 
12.943 
12.952 
12.990 
12.990 
12.993 
12.969 
12.994 
12.963 
12.996 
13.003 
13.145 
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Table C-1. (continued) 

Elapsed Barometric 
Time Pressure 

Day Hr Min (hr) (p5i4 

36 21 0 
37 7 0 
37 21 0 
38 9 51 
38 21 0 
39 9 0 
39 21 0 
40 9 0 
40 21 0 
41 11 0 
41 21 0 
42 9 0 
42 21 0 
43 11 0 
43 21 0 
44 11 0 
44 21 0 
45 9 0 
45 21 0 
46 9 0 
46 21 0 
47 11 0 
47 21 0 
48 8 30 
48 10 30 
48 13 15 
48 16 0 
48 16 30 
48 21 0 
49 3 0 
49 9 0 
49 15 0 
49 21 0 
50 3 0 
50 9 0 
50 15 0 
50 21 0 
50 23 0 
51 9 0 
51 15 0 
51 21 0 

(continued) 

588 0000 
598.0000 
612.0000 
623.8560 
636.0000 
648.0000 
660.0000 
672.0000 
684.0000 
698.0000 
708.0000 
720.0000 
732.0000 
746.0000 
756.0000 
770.0000 
780.0000 
792.0000 
804.0000 
816.0000 
828.0000 
842.0000 
852.0000 
863.5000 
864.5000 
868.2500 
871.0000 
871.5000 
876.0000 
882.0000 
888.0000 
894.0000 
900.0000 
906.0000 
912.0000 
918.0000 
924.0000 
926.0000 
936.0000 
942.0000 
948.0000 

13 180 
13.197 
13.208 
13.229 
13.154 
13.140 
13.144 
13.163 
13.076 
13.066 
13.045 
13.066 
13.043 
13.075 
13.042 
13.019 
12.943 
12.856 
12.821 
12.955 
12.946 
12.946 
12.981 
13.049 
13.052 
13.036 
13.027 
13.025 
13.042 
13.023 
13.023 
12.955 
12.944 
12.956 
12.983 
12.970 
13.021 
13.019 
13.097 
13.075 
13.081 
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Table C-1. (continued) 

Elapsed Barometric 
Time Pressure 

Day Hr Min (hr) (psis) 
51 23 
52 9 
52 15 
52 23 
53 9 
53 15 
54 9 
54 15 
54 21 
54 23 
55 9 
55 13 
55 15 
55 21 
55 23 
56 9 
56 15 
56 21 
56 23 
57 10 
57 14 
57 21 
57 23 
58 11 
58 15 
58 23 
59 9 
59 15 
59 23 
60 9 
60 15 
60 21 
61 11 
61 15 
61 21 
62 9 
62 15 
62 21 
63 9 
63 15 
63 21 
(continued) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

950.0000 
960.0000 
966.0000 
974.0000 
984.0000 
990.0000 
1008.0000 
1014.0000 
1020.0000 
1022.0000 
1032.0000 
1036.0000 
1038.0000 
1044.0000 
1046.0000 
1056.0000 
1062.0000 
1068.0000 
1070.0000 
1081.3350 
1085.3350 
1092.0000 
1094.0000 
1106.0000 
1110.0000 
1118.0000 
1128.0000 
1134.0000 
1142.0000 
1152.0000 
1158.0000 
1164.0000 
1178.0000 
1182.0000 
1188.0000 
1200.0000 
1206.0000 
1212.0000 
1224.0000 
1230.0000 
1236.0000 

13.074 
13.032 
12.997 
13.054 
13.080 
13.022 
12.943 
12.868 
12.904 
12.927 
12.970 
12.938 
12 . 934 
12.958 
12.952 
12 . 963 
12 . 923 
12.921 
12.930 
12.943 
12 . 903 
12 . 936 
12.940 
12.917 
12 . 891 
12 . 937 
12 . 985 
12 . 966 
13.019 
13.075 
13.017 
13.031 
13.045 
13.010 
13.045 
13.133 
13.112 
13.164 
13.227 
13.188 
13.190 
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Table C-1. (continued) 

Elapsed Barometric 
Time Pressure 

Day Hr Min (W (p5i4 

64 9 
64 21 
65 13 
65 21 
66 9 
66 15 
66 21 
67 9 
67 13 
67 15 
67 21 
68 9 
69 9 
70 9 
71 11 
72 11 
73 9 
74 9 
75 9 
76 11 
77 9 
78 10 
78 12 
79 12 
79 14 
82 9 
82 11 
84 9 
84 11 
86 9 
86 11 
89 9 
89 13 
91 9 
91 11 
93 9 
93 11 
96 11 
96 13 
98 9 
98 11 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

35 
35 
35 
35 

0 
0 
0 
0 
0 
0 
0 

37 
0 
0 
0 
0 
0 
0 
0 
0 

1248.0000 
1260.0000 
1276.0000 
128400000 
1296.0000 
1302.0000 
1308.0000 
1320.0000 
1324.0000 
1326.0000 
1332.0000 
1344.0000 
1368.0000 
1392.0000 
1418.0000 
1442.0000 
1464.0000 
1488.0000 
1512.0000 
1538.0000 
1560.0000 
1584.5830 
1586.5830 
1610.5830 
1612.5830 
1680.0000 
1682.0000 
1728.0000 
1730.0000 
1776.0000 
1778.0000 
1848.0000 
1851.6120 
1896.0000 
1898.0000 
1944.0000 
1946.0000 
2018.0000 
2020.0000 
2064.0000 
2066.0000 

13.167 
13.090 
13.045 
13.028 
13.035 
12.979 
12.999 
12.985 
12.945 
12.922 
12.942 
13.029 
13.093 
13.135 
13 113 
13.080 
12.951 
12.930 
12.855 
12.828 
12.904 
12.915 
12.912 
12.924 
12.903 
12.883 
12.879 
12.979 
12.982 
12.924 
12.909 
13.151 
13.108 
13.008 
12.988 
13.082 
13.067 
13 . 097 
13.080 
13.113 
13.101 

(continued) 
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Table C-1. (concluded) 

Elapsed 
Time 

Dav Hr Min 

Barometric 
Pressure 

100 9 0 
100 11 0 
103 9 0 
103 11 0 
105 13 0 
105 15 0 
108 9 0 
108 11 0 
110 9 0 
110 11 0 
113 9 0 
113 11 0 
114 13 0 
114 15 0 
118 9 0 
118 11 0 
120 7 0 

2112.0000 
2114.0000 
2184.0000 
2186.0000 
2236.0000 
2238.0000 
2304.0000 
2306.0000 
2352.0000 
2354.0000 
2424.0000 
2426.0000 
2452.0000 
2454.0000 
2544.0000 
2546.0000 
2590.0000 

13.029 
13.018 
13.038 
13.039 
13.005 
12.979 
12.934 
12.922 
13.053 
13.060 
13.084 
13.071 
13.089 
13.075 
13.145 
13.147 
12.997 
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