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ABSTRACT 

Seve:n holes were drilled and wells (H-19b0, H-19b2, H-19b3, H-19b4, H-19b5, H-19b6, and 
H-19b7) were constructed on the H-19 hydropad to conduct field activities in support of the 
Culelbra Transport Program. These wells were drilled and completed on the Waste Isolation Pilot 
Plant (WIPP) site during February to September 1995. An eighth hole, H- 19b1, was drilled but 
had to be abandoned before the target depth was reached because of adverse hole conditions. 

The geologic units penetrated at the H-19 location include surficial deposits of Holocene age, 
rocks from the Dockum Group of Upper Triassic age, the Dewey Lake Redbeds, and Rustler 
Fom~ation of the Permian age. The Rustler Formation has been further divided into five informal 
members which include the Forty-niner Member, Magenta Member, Tamarisk Member, Culebra 
Dolomite Member, and an unnamed lower member. 

The Rustler Formation, particularly the Culebra Dolomite Member, is considered critical for 
hydrologic site characterization. The Culebra is the most transmissive saturated unit above the 
W : P  repository and, as such, is considered to be the most likely pathway for radionuclide 
transport to the accessible environment in the unlikely event the repository is breached. Seven 
cores from the Culebra were recovered during drilling activities at the H-19 hydropad and 
detailed descriptions of these cores were made. On the basis of geologic descriptions, four 
hydrlostratigraphic units were identified in the Culebra cores and were correlated with the 
mapping units from the WIPP air intake shaft. The entire length of H-19bl was cored and was 
described in detail. 

During coring of H-19b1, moisture was encountered in the upper part of the Dewey Lake 
Redbeds. A 41-ft-thick section of this core was selected for detailed description to qualify the 
geol~ogic conditions related to perched water in the upper Dewey Lake. In addition to cuttings 
and core, a suite of geophysical logs run on the drillholes was used to identify and correlate 
different lithologies among the seven wells. 
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1. INTRODUCTION 
This report presents data collected during the drilling and construction of seven wells 

(H-19b0, H-19b2, H-19b3, H-19b4, H-19b5, H-19b6, and H-19b7) on the H-19 hydropad at the 
Waste Isolation Pilot Plant (WIPP) site. Information obtained from an eighth drillhole that had 
to be abandoned, H-19b1, is also presented. The activities described herein were conducted 
between February and September 1995. Basic geologic, drilling, and well-construction data are 
presented in Section 2. Detailed geologic descriptions of the core collected are presented with 
other ;geologic data in Section 3. Included in appendices are the Field Operations Plan, pertinent 
memoranda, abridged hole histories, the well survey plat, well permits and records, the 
archeological clearance report for the site, and a list of the geophysical logs run by the Water 
Resources Division of the U.S. Geological Survey. Following the format of other basic data 
reports for WIPP drillholes, selected sections of this report are by different authors. 

1 .I Purpose of WIPP 

The WIPP is a U.S. Department of Energy (DOE) research and development facility 
designed to demonstrate the safe disposal of transuranic wastes resulting from the defense 
programs of the United States. The WIPP site is in eastern Eddy County, about 25 miles east of 
Carlsbad, New Mexico (Figure 1-1). The WIPP repository is excavated at a depth of 
appro:uimately 2150 ft in bedded halite of the Pennian-age Salado Formation. At the WIPP site, 
the Sallado Formation is approximately 2000 ft thick and is overlain by the Permian-age Rustler 
Formation, which is about 300 ft thick (Figure 1-2). 

Sandia National Laboratories (SNL), as scientific advisor to the DOE, supports the WIPP 
project through site characterization, including continuing evaluation of the geologic and 
hydrollogic processes that may affect the WIPP site now and in the future. 

1.2 Purpose of the Drillholes at the H-19 Hydropad 

The Rustler Formation, particularly the Culebra Dolomite Member, is considered critical 
for hydrologic site characterization. The Culebra is the most transmissive saturated unit above 
the WIPP repository and, as such, is considered to be the most likely pathway for radionuclide 
transport to the accessible environment in the unlikely event the repository is breached. 

Evaluation of WIPP's compliance with 40 CFR 191B by the WIPP Performance 
Assessment Department at SNL relies on a model of radionuclide transport through the Culebra. 
Modeling of transport through the Culebra requires, first, a conceptual model of the mechanisms 
and processes that govern the transport and, second, quantitative estimates of the parameters 
required for numerical simulation of those processes. The Culebra Transport Program was 
developed to provide the data necessary to construct a model for Culebra transport. 

Field tracer tests are one component of the Culebra Transport Program. Tracer tests 
provide data with which to evaluate different processes affecting transport and to quantify 
transport parameters. Interpretations of previous tracer tests at the WIPP site indicated that the 
Culebra behaved locally as a double-porosity medium in which advective flow occurs through 
fractures while diffusion of solutes from the fractures to the surrounding rock matrix acts to 
retard solute transport. The seven boreholes in this program were drilled and completed to 
provide a group of test wells in which to conduct tracer tests to enhance our knowledge of the 



parameters needed for performance assessment calculations. Construction of this "suite" of test 
wells also provided site-specific geologic and geophysical data and core samples from the 
Culebra for laboratory analyses. Detailed hydraulic tests were also conducted. The drilling and 
well-construction activities reported herein were performed following the Field Operations Plan 
(FOP) by Saulnier and Beauheim (1995), reprinted in Appendix A. The governing Quality 
Assurance program is described in the Memorandum of Record documenting modifications to 
the FOP also reprinted in Appendix A. 

Figure 1-1. Location of the WIPP site. 



Figure 1-2. Stratigraphic units at the WIPP site. 
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2. GEOLOGIC AND CONSTRUCTION DATA 
The H-19 hydropad comprises seven test wells (H-19b0 through H-19b7), drilled to 

gather site-specific geologic and geophysical information and to provide a test pad on which to 
conduct hydraulic and tracer tests. These holes were drilled on a "hydropad" that is located 
southeast of the WIPP surface facilities between the H-3 hydropad and observation well DOE-1 
(Figure 2-1). Originally to be the central well for the tracer test, H-19bl had to be abandoned 
because of "stuck" tools lost during drilling and was replaced by H-19b0. The relative 
geographic positions of the seven wells at H-19 are shown in Figure 2-2. The target geologic 
unit that these tests were to investigate was the Culebra Dolomite Member of the Permian 
Rustler Formation. 

Drilling and coring of these seven wells were accomplished from February 13 to 
September 6, 1995, on behalf of the U.S. Department of Energy (DOE). Technical direction and 
supervision of the drilling operations were provided by Sandia National Laboratories (SNL), 
Core :;upport and core descriptions were provided by INTERA Inc. and by Robert M. Holt. 

All measurements related to the H-19 drillholes are reported in inch-pound units. These 
units ize used to facilitate the comparison of original measurements by surveyors to establish the 
geographic coordinates of the drillholes, by drillers reporting sample and core depths, and by 
geophysical loggers in recording inhole variations in rock properties versus depth. When metric 
equivalents of the inch-pound units are needed, use the following conversion factors. 

To obtain metric unit multiply English unit by 

meter (m) foot (ft) 0.3048 

millimeter (mm) inch (in) 25.4 

centimeter (cm) inch (in) 2.54 

kilometer (krn) mile (mi) 1.6093 

kilogram (kg) pound (lb) 0.454 



,s - 2, 
/ - ' -  - WIPP-28 + 

'/// WIPP-27 - - "4, - 

'%, & - -- 
'%, 

N 1/ / / ,  

,\\\I 

0- 
Q' 

? > &\\ 
AEC-7 ,* Q. p' WIPP-30 

,\P y' cc, 
,\< 0 3 0 

\\+' ,\< = O WlPP Site 
$' e' 

,\+ .c. - Boundary 
,s -? 

4 y o  ,\+ I .DOE-2 
' l / l ~  I \ \ \ '  3'' 4 .~-6 WIPP-13 

k WIPP-25 4) 
H-5 

@wasp-2  + WIPP-19 
< WIPP-22 

\" > P-14 WIPP-21 

WIPP-26 a, ERDA-9 
?/, , 

/I/ '; 
4, 

WIPP-29 , D-268 
?,,, 

%, @Cabin Baby-1 
, 
4, 

%, ./ P-17 H-17 
/// 

/ -= 
H-7 : 

S H-12 
$' - 

A\' 
\\\\, '\'I 

H-10 
\\\\' I/,, 
, 

&\\ ti/?- 

+* , 
- - - USGS-1 

P' > 
H-9 

Engle Well 

Legend 
H-8 0 1 2  3 4mi 

Other Rustler Observation Wells 
f# H-19 Location 

- 
0 2 4 6km 

TRl-6344-665-6 

Figure 2-1. Location of the H-19 hydropad with respect to other well locations. 
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Figure 2-2. Relative surface locations of the hydrologic drillholes at the H- 19 hydropad. 



Conventional rotary-drilling procedures and saturated sodium chloride brine and salt gel 
were used to drill the upper part of all of the drillholes at the H-19 hydropad except H-19bl from 
below the surface casing to a depth just above the target horizon. After a hole was cased, 
continuous wireline coring was conducted from below the casing to the total depth of the hole 
using either compressed air or a coring water pumped from the Culebra at either H-19b0 or a 
nearby well, WQSP-4. The interval cored in each of the H-19 drillholes except H-19bl included 
the Culebra Dolomite Member of the Rustler Formation, which was the target geologic formation 
for the tracer testing. In H-19bl continuous wireline coring was conducted from below the 
surface casing to the projected casing depth. Compressed airlmist was used to core all but the 
last 8 1 ft, which were cored with a saturated brine circulation fluid. 

After completion of the well, a suite of geophysical logs was run by the Water Resources 
Division of the U.S. Geological Survey (USGS). The suite generally included (I) a natural 
gamma ray curve that records variations in the distribution of naturally occurring radioactive 
elements, (2) a neutron curve that records variations in the distribution of hydrogen, (3) a 
gamma-gamma density curve that records variations in rock density, and (4) a caliper log that 
measures the variations in the diameter of the drillhole. Appendix D lists the logs run in each 
hole. 

The core was cleaned, measured, photographed, and described at the drill site by 
personnel from SNL, INTERA Inc., and DOE. (Section 3 of this report contains a detailed core 
description.) The core was then boxed and transported to the Core Library on the WIPP site, 
where it was signed over to Westinghouse personnel for recording and storage. Official 
photographs of the core were taken by SNL personnel. 

Lithology and stratigraphy are discussed by geologic section. The geologic section in each 
of the drillholes at the H-19 hydropad included continental sediments of Quaternary and Triassic 
age and marine redbeds and evaporites of Late Permian age. The rock units are summarized for 
each drillhole in Tables 2-3,2-6,2-9,2-12,2-15,2-18,2-21, and 2-24. 

Each drillhole, spudded in drill pad material (packed caliche), usually penetrated several 
ft of drill pad caliche, then several tens of ft of Holocene and Pleistocene deposits consisting of 
dune sand and Mescalero caliche. Below these deposits, the hole penetrated undifferentiated 
rocks of the Dockum Group of Late Triassic age. 

Underlying the Triassic rocks, the Dewey Lake Redbeds consist of a thick sequence of 
dark-reddish-brown siltstone that contains sandstones and especially claystones interspersed at 
irregular intervals. The rock also contains grayish-green blebs and streaks resulting from the 
reduction of iron-bearing minerals. The lower two-thirds are distinguished by gypsumlanhydrite 
cement and gypsum-filled fractures, while the upper third is weakly cemented with carbonate and 
contains open fractures. These redbeds are the uppermost rocks of Late Permian age in the 
Delaware Basin. 

The Rustler Formation underlies the Dewey Lake Redbeds and is divided into five 
members (from top to bottom): (1) Forty-niner Member; (2) Magenta Member; (3) Tamarisk 
Member; (4) Culebra Dolomite Member; and (5) an unnamed lower member. The Rustler 
Formation is also Late Permian in age. 



The Forty-niner Member usually consists of two anhydrite or gypsum beds, or 
combinations of these separated by a claystone unit. Interpreting the lithology from cuttings, 
core from adjacent holes, and geophysical logs, the Forty-niner at the H-19 hydropad appears to 
be quite typical. The geophysical logs indicate that these units are predominantly anhydrite with 
some gypsum. 

The Magenta Member, usually about 26 ft thick, underlies the Forty-niner Member. 
Again based on cuttings, core from adjacent holes, and geophysical logs, the lithology of the 
Magenta, a gypsiferous dolomite, is typical of other locations. 

Underlying the Magenta is the Tamarisk Member. As identified in cuttings and core, the 
Tamarisk Member consists predominantly of upper and lower units of anhydrite and gypsum 
separi~ted by relatively thin beds of siltstone and claystone. 

The Culebra Dolomite Member, which underlies the Tamarisk Member, is usually about 
24 ft thick. The Culebra commonly consists of clayey dolomite that is light-olive-gray to 
moderate-yellowish-brown in color. Numerous vugs, generally less than 1 mm in diameter, 
occur near the top and bottom of the member, but the central part of the member contains vugs as 
large as 5 mm. The rock is highly fractured in the central part, and only a few of the fractures 
are healed with gypsum (Section 3 contains a detailed lithologic description of the core). 

Below the Culebra Dolomite Member is an unnamed lower member, which was 
penet:rated only in its uppermost section. The part of this unit that was cored consists of black, 
plastilc clay and reddish-brown clay containing selenite crystals and gypsum nodules, gypsum, 
and ainhydrite. 

2.1 Drillhole H-19b0 

Drillhole H-19b0 is located in Eddy County, New Mexico; 1484.4 ft from the South line 
(FSL) and 2460.4 ft from the West line (FWL) of section 28, Township 22 South, Range 3 1 East, 
at a surface elevation of 3417.1 1 ft above mean sea level (AMSL). H-19b0 is a replacement hole 
for H-19bl that was abandoned because of unrecoverable drill tools that were stuck in the hole. 
Figur~e 2-2 illustrates the location of drillhole H-19b0 in relation to the other drillholes on the 
H-19 hydropad. Table 2-1 includes the abridged hole history. Table 2-2 and Figure 2-3 show the 
well-completion records and the final "as-built" conditions of the H- 19b0 well, respectively. 

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel 
were used to drill the upper part of the drillhole from 38 ft (below the surface casing) to a depth 
of 735.5 ft (casing depth). After the hole was cased, continuous wireline coring was conducted 
from 740.8 ft to 778.7 ft (total depth of the hole) using water pumped from the Culebra at 
WQSP-4 as the circulation fluid. The interval cored in H-19b0 drillhole includes the Culebra 
Dolo~nite Member of the Rustler Formation, which was the target geologic formation for the 
tracer testing. 

Table 2-3 summarizes the lithology and stratigraphy, including depth intervals, that were 
encotintered in drillhole H-19b0. 



Table 2-1. Abridged History of Drillhole H-19b0 
LOCATION: Section 28, T. 22 S., R. 31 E. 1484.4 ft from South line and 2460.4 ft from 

West line 

ALTITUDE: 3417.1 1 ft (AMSL). Datum for depth measurements in drilling and logging 
operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Jessie B. Dengate, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 24-inch hole to 38 ft, 40 ft of 20-inch OD surface pipe set. 

Commenced drilling March 28, 1995. 

Drilled 12.25-inch hole from 38 ft to 728 ft. 

Reamed 12.25-inch hole to 14.75 inches to 735.5 ft. 

Set and cemented 9.625-inch OD fiberglass casing to 73 1.9 ft. 

Drilled out cement and shoe to 740.8 ft. 

Cut 5.875-inch core from 740.8 ft to 778.7 ft. 

Completed drilling operations April 23, 1995. 

* Excess core probably from previous run. 

Recovered 
(%) 

100.0 
100.0 
100.0 
92.0 
82.0 
0 

126.0" 
123.0* 

Core 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Depth Interval (ft) 
from to 

740.8 - 745.8 
745.8 - 750.8 
750.8 - 755.8 
755.8 - 760.8 
760.8 - 765.2 
765.2 - 770.2 
770.2 - 773.7 
773.7 - 778.7 

Interval (ft) 
cored recovered 

5.0 
5 .O 
5.0 
5.0 
4.4 
5.0 
3.5 
4.0 

5.0 
5.0 
5 .O 
4.6 
3.6 
0.0 
4.4 
4.9 



Table 2-2. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19b0 

NOTE: All depths recorded are in ft below ground level. 

WEL,L NAME: Hydrologic Drillhole H- 19b0 (replacement hole for H- 19b 1) 

LOC.ATION: Section 28, Township 22 South, Range 3 1 East 

SURFACE COORDINATES: The well is located 1484.4 ft from the South line and 2460.4 ft 
from the West line of Section 28. 

ELEVATION: All depths are reported below ground level (BGL) which is 3417.1 1 ft above 
mean sea level (AMSL). Primary datum for each well is a "v" notch in surface 
conductor casing that is 3417.49 ft AMSL. 

DRIIILING RECORD: 

Start Date: Commenced drilling March 28, 1995; completed drilling activities 
April 23, 1995. 

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt 
gel to casing point at a depth of 735.5 ft. After casing was set, cemented, and 
drilled out the drilling fluid was changed over to Culebra water pumped from 
WQSP-4. Culebra water was used to core and ream the Culebra in H-19b0. 

Cored Interval: 5.875-inch core was taken from 740.8 ft to 778.7 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development 
Corporation, Woodland, California. 

Drillhole Record: 

Casing Record: 

Size 
(inches) 

24 

14.75 

7.75 

* 7.75-inch open hole from 735.5 ft to 778.7 ft. 

from 
(ft) 
0 

38 
735.5 

Size 
(inches) 

20 

9.12 

to 
(ft) 
3 8 

735.5 
778.7 TD 

WeightJfoot 
(pounds) 

53 (H-40 steel) 

8.7 (Centron 
DHC-350) 
(Fiberglass) 

from 
(ft) 
0 

0 

to 
( f t ) 
3 8 

73 1.9" 



Top of Casing 9b0 
341 8.4 ft amsl 

Ground Surface 

Holocene Deposits 

Dockum Group 

53? 

Fiberglass Well Casing 

CENTRON DHC-350 I 

Dewey Lake Redbeds Weight 8.7 Iblft 

Cement Grout 

1.H h-14.75' Borehole 

628 

Magenta Member 

652 

c 
0 .- 
C m Tamarisk Member 

E 
IL -731.9-Bottom of 9.625' Casing 

L735.5-Bottorn of 14.75" Hole 
rber 

- I  b 7.75' Open Hole 
unnamed lower member U 

Total Depth 
778.7 

Shoe 

Salado Formation 

Notes: 
All depths are in approximate feet below ground surface. 
(") indicates formation depths taken from core. All other formation depths from geophysical logs. 
(?) indicates uncertainty. 
Drawing not to scale. 

Figure 2-3. As-built conditions of hydrologic drillhole H-19b0. 



Table 2-3. Stratigraphic Summary of Drillhole H-19b0 
r 

ROCK UNIT DEPTH INTERVAL (ft)* 
Quaternary Deposits t 

Holocene Deposits** 0-28 

LJpper Triassic Rocks t 
Dockum Group (undifferentiated) 28-53? 

LJpper Permian Rocks t I Dewey Lake Redbeds 53?-567 I 
Rustler Formation 

Forty-niner Member 

Magenta Member 

Tamarisk Member 

I Culebra Dolomite Member 740.1-764.4 I 
I unnamed lower member 764.4-? I 

* Depth intervals recorded fiom cuttings, cores, and geophysical logs. 
** Includes dune sand and caliche. 

2.2 Drillhole H-19bl 

Drillhole H-19bl is located in Eddy County, New Mexico, 1535.0 ft  from the South line 
(FSL,) and 2460.8 ft from the West line (FWL) of section 28, Township 22 South, Range 3 1 East, 
at a surface elevation of 3417.43 ft  above mean sea level (AMSL). Drillhole H-19bl was 
abandoned when drill tools were stuck in the hole. H-19b0 replaced H-19bl. Table 2-4 provides 
the abridged hole history of H-19bl and Figure 2-3 shows the location of the abandoned drillhole 
in relation to the other holes drilled on the H-19 hydropad. 

Continuous wireline coring was conducted from 38 ft  (just below the surface casing) to a 
depth of 732.6 ft (projected casing depth). Compressed airlair mist was used to core from 38 ft 
to 651.6 ft; the coring fluid was changed to saturated brine from 651.6 ft to 732.6 ft. Following 
coring, the hole was reamed from 4.835 inches to 12.25 inches from 38 ft to 658 ft, where a tool 
joint broke and the drill tools became stuck in the hole. Numerous attempts at retrieving the 
tools were unsuccessful, and H- 19b 1 was abandoned. Subsequently, H- 19b0 became the 
replacement hole. 

A suite of geophysical logs (Appendix D) was run by the Water Resources Division of 
the 1J.S. Geological Survey after coring the hole. The lithology and stratigraphy, including depth 
intervals, that were encountered in drillhole H-19bl are summarized in Table 2-5. Table 2-6 
provides a stratigraphic summary of the drillhole. See Section 3.2 of this report for a detailed 
lithologic description of the core taken from H- 19b 1. 



Table 2-4. Abridged History of Drillhole H-19bl 
LOCATION: Section 28, T. 22 S., R. 31 E. 1535.0 ft from South line and 2460.8 ft from 

West line 

ALTITUDE: 3417.43 ft (AMSL). Datum for depth measurements in drilling and logging 
operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Jessie B. Dengate, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 24-inch hole to 38 ft, 40 ft of 20-inch OD surface pipe set. 

Commenced drilling February 14, 1995. 

Cut 3.345-inch core by wireline method from 38 ft to 732.6 ft. 

Reamed 4.835-inch hole to 12.25 inches from 38 ft to 658 ft. 

Tool joint broke during reaming and lost tools from 573 ft to 658 ft. 

Numerous attempts at tool retrieval were unsuccessful. 

Hole abandoned March 19, 1995. 

Core 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

Recovered 
(%) 
100.0 
100.0 
100.0 
98.0 

100.0 
86.0 
98.0 

100.0 
100.0 
98.0 

100.0 
100.0 
100.0 
90.0 
96.0 

100.0 
90.0 
98.0 

100.0 
100.0 
100.0 
98.0 

Depth Interval (ft) 
from to 
36.8 - 41.8 
41.8 - 46.8 
46.8 - 51.8 
5 1.8 - 56.8 
56.8 - 61.6 
61.6 - 66.6 
66.6 - 7 1.6 
71.6 - 76.6 
76.6 - 81.6 
8 1.6 - 86.6 
86.6 - 91.6 
91.6 - 96.6 
96.6 - 101.6 

101.6 - 106.6 
106.6 - 111.6 
111.6 - 116.6 
116.6 - 121.6 
121.6 - 126.6 
126.6 - 131.6 
131.6 - 136.6 
136.6 - 141.6 
141.6 - 146.6 

Interval (ft) 
cored 

5.0 
5.0 
5.0 
5 .O 
4.8 
5 .O 
5 .O 
5 .O 
5.0 
5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5.0 
5.0 
5 .O 
5 .O 
5 .O 

recovered 
5.0 
5 .O 
5.0 
4.9 
4.8 
4.3 
4.9 
5 .O 
5.0 
4.9 
5 .O 
5 .O 
5 .O 
4.5 
4.8 
5 .O 
4.5 
4.9 
5.0 
5 .O 
5 .O 
4.9 



Core 
No. 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
3 8 
39 
40 
P 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1 
52 
5 3 
54 
5 5 
56 
57 
5 8 
59 
60 
61 
62 
63 

Table 2-4. Abridged History of Drillhole H-19bl (continued) 

Depth Interval (ft) 
from to 
146.6 - 151.6 
151.6 - 156.6 
156.6 - 161.6 
161.6 - 164.0 
164.0 - 169.0 
169.0 - 174.0 
174.0 - 179.0 
179.0 - 184.0 
184.0 - 188.0 
188.0 - 193 .O 
193.0 - 198.0 
198.0 - 203 .O 
203 .O - 208 .O 
208 .O - 213.0 
213.0 - 218.0 
218.0 - 223 .O 
223 .O - 228.0 
228.0 - 233.0 
233.0 - 238.0 

Recovered 
(%I 
100.0 
98.0 

100.0 
100.0 
96.0 

100.0 
100.0 
44.0 
68.0 
80.0 
88.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

Interval 
cored 

5.0 
5 .O 
5 -0 
2.4 
5 .O 
5.0 
5.0 
5.0 
4.0 
5.0 
5.0 
5.0 
5.0 
5 .O 
5.0 
5 .O 
5.0 
5 .O 
5 .O 

100.0 
100.0 
98.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

(ft) 
recovered 

5 .O 
4.9 
5 .O 
2.4 
4.8 
5 .O 
5 .O 
2.2 
2.7 
4.0 
4.4 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O --- 
5 .O 
5 .O 
5 .O 
4.9 
5 .O 
5.0 
5.0 
5.0 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 

238.0 - 243 .O 
243.0 - 248.0 
248.0 - 253.0 
253.0 - 258.0 
258.0 - 263.0 
263.0 - 268.0 
268.0 - 273.0 
273.0 - 278.0 
278.0 - 283.0 
283.0 - 288.0 
288.0 - 293 .O 
293.0 - 298.0 
298.0 - 303.0 
303.0 - 308.0 
308.0 - 313.0 
313.0 - 318.0 
318.0 - 323.0 
323.0 - 328.0 
328.0 - 333.0 
333.0 - 338.0 
338.0 - 343.0 
343 .O - 348.0 

5.0 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5.0 
5.0 
5 .O 
5.0 
5.0 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5 -0 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 



Table 2-4. Abridged History of Drillhole H-19bl (continued) 
Core 
No. 
64 
65 
66 
67 
68 
69 
70 
7 1 
72 
73 
74 
75 
76 
77 
7 8 
79 
80 
8 1 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 

Depth Interval (ft) 
from to 

348.0 - 353.0 
353.0 - 358.0 
358.0 - 363.0 
363.0 - 368.0 
368.0 - 373.0 
373.0 - 378.0 
378.0 - 383.0 
383.0 - 388.0 
388.0 - 393.0 
393.0 - 398.0 
398.0 - 403.0 
403 .O - 408.0 
408.0 - 413.0 
413.0 - 418.0 
418.0 - 423.0 
423.0 - 428.0 
428 .O - 433.0 
433.0 - 438.0 
438.0 - 443 .O 
443 -0 - 448.0 
448 .O - 453.0 
453.0 - 458.0 
458.0 - 463.0 
463.0 - 468.0 
468.0 - 473.0 
473.0 - 478.0 
0 - 483.0 

483.0 - 488.0 
488.0 - 493.0 
493.0 - 498.0 
498.0 - 503.0 
503 .O - 508.0 
508.0 - 513.0 
513.0 - 518.0 
518.0 - 523.0 
523.0 - 528.0 
528.0 - 533.0 
533.0 - 538.0 
538.0 - 543.0 
543 -0 - 548.0 
548.0 - 553.0 

Recovered 
(%) 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 -- 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

Interval 
cored 

5 .O 
5 .O 
5 .O 
5.0 
5.0 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 

5.01 
5 .O 
5 .O 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 

(ft) 
recovered 

5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 -0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
5 .O 



Table 2-4. Abridged History of Drillhole H-19bl (continued) 
Core 
No. 
105 
106 
107 
108 
109 
110 
11 1 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

Depth Interval (ft) 
from to 

553.0 - 558.0 
558.0 - 563.0 
563.0 - 568.0 
568.0 - 573.0 
573.0 - 578.0 
578.0 - 583.0 
583.0 - 588.0 
588.0 - 593.0 
593.0 - 598.0 
598.0 - 603 .O 
603.0 - 608 .O 
608.0 - 613.0 
613.0 - 618.0 
618.0 - 623 .O 
623.0 - 628.0 
628.0 - 633.0 
633.0 - 638.0 
638.0 - 642.6 
642.6 - 647.6 
647.6 - 65 1.6 
651.6 - 654.6 
654.6 - 659.6 
659.6 - 664.6 
664.6 - 669.6 
669.6 - 674.6 
674.6 - 677.6 
677.6 - 682.6 
682.6 - 687.6 
687.6 - 692.6 
692.6 - 697.6 
697.6 - 702.6 
702.6 - 707.6 
707.6 - 712.6 
712.6 - 717.6 
717.6 - 722.6 
722.6 - 727.6 
727.6 - 732.6 

Recovered 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
50.0 

100.0 
100.0 
100.0 
100.0 
100.0 
88.0 
44.0 

100.0 
100.0 
100.0 
93.0 
96.0 

100.0 
100.0 
100.0 
97.0 

100.0 
100.0 
100.0 
96.0 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

Interval 
cored 

5 .O 
5 .O 
5.0 
5.0 
5.0 
5.0 
5 .O 
5.0 
5.0 
5 .O 
5.0 
5 .O 
5 .O 
5.0 
5.0 
5.0 
5 .O 
4.6 
5 .O 
4.0 
3.0 
5 .O 
5 .O 
5.0 
5.0 
3 .O 
5 .O 
5 .O 
5 -0 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 

(ft) 
recovered 

5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5 .O 
5.0 
5 .O 
2.5 
5 .O 
5 -0 
5.0 
5 .O 
5.0 
4.4 
2.2 
4.6 
5 .O 
4.0 
2.8 
4.8 
5 .O 
5 .O 
5 .O 
2.9 
5 .O 
5 .O 
5.0 
4.8 
5 .O 
5.0 
5 .O 
5.0 
5 .O 
5 .O 
5 .O 



Table 2-5. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19bl 

NOTE: All depths recorded are in ft below ground level. 

WELL NAME: Hydrologic Drillhole H- 19b 1 

LOCATION: Section 28, Township 22 South, Range 31 East 

SURFACE COORDINATES: The well is located 1535.0 ft from the South Line and 2460.8 ft 
from the West Line of Section 28. 

ELEVATION: All depths are reported below ground level (BGL) which is 3417.43 ft above 
mean sea level (AMSL). Primary datum for each well is a "v" notch in surface 
conductor casing which is 3417.78 ft AMSL. 

DRILLING RECORD: 

Start Date: Commenced drilling February 14, 1995; completed drilling activities 
March 19, 1995, when hole was abandoned because of "stuck" tools. 

Circulation Fluid: Cored with compressed airlair-mist to 65 1.6 ft and then 
changed over to saturated brine and cored to 732.6 ft. Reamed core hole with 
saturated brine and salt gel to 658 ft when tool joint broke and tool string was lost. 
Fishing was unsuccessful, and the drillhole was abandoned at this point. 

Cored Interval: 3.345-inch core was taken from 36.8 ft to 732.6 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation, 
Woodland, California. 

Drillhole Record: 

Casing Record: 

to 
( ft 
38 

65 8 

732.6 TD 

Size 
(inches) 

24 

12.25 

4.835 

* Hole was abandoned and plugged because tools stuck in the hole were not retrievable. 
Tools (bit, stabilizers, and collars) are located in the hole at depths from 573 ft to 658 ft. 

from 
(ft) 
0 

38 

65 8 

Size 
(inches) 

20 

Weightffoot 
(pounds) 

53 (H-40 steel) 

from 
(ft) 
0 

to 
(ft) 
38* 



Table 2-6. Stratigraphic Summary of Drillhole H-19bl 
r 

ROCK UNIT DEPTH INTERVAL (ft)* 
Quaternary Deposits t I Holocene Deposits** 0-28 I 
lJpper Triassic Rocks 

Dockum Group (undifferentiated) 28-53? - 
lJpper Permian Rocks 

Dewey Lake Redbeds 53?-567 

Rustler Formation 567-? 

Forty-niner Member 567-626.3 

Magenta Member 626.3-650.5 

Tamarisk Member 650.5-732.6 

Culebra Dolomite Member ?-? 

I unnamed lower member ?-? I 
* Depth intervals recorded from cuttings, cores, and geophysical logs. 

** Includes dune sand and caliche. 

2.3 Drillhole H-19b2 

Drillhole H-19b2 is located in Eddy County, New Mexico, 1434.3 ft from the South line 
(FSL,) and 2459.6 ft  from the West line (FWL) of section 28, Township 22 South, Range 3 1 East, 
at a surface elevation of 3417.13 ft  above mean sea level (AMSL). Table 2-7 includes the, 
abridged hole history. Table 2-8 and Figure 2-4 summarize well-completion records and the 
final "as-built" conditions of the H-19b2 well. Figure 2-2 illustrates the location of H-19b2 in 
relation to the other drillholes on the H-19 hydropad. 

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel 
were: used to drill from below the surface casing (37 ft) to a depth of 734.0 ft (casing depth). 
After casing was set to 732.35 ft, cemented, and drilled out, the drilling fluid was changed to 
com;pressed air, and continuous wireline coring was conducted from 735.5 ft to 764.5 ft. This 
interval cored includes the Culebra Dolomite Member of the Rustler Formation. Following 
completion of coring, the core hole was reamed, and a "rat hole" was drilled to 785.4 ft (total 
depth of hole). To prevent the hole from collapsing in the unnamed lower member, a PVC liner 
was placed from 765.4 to 785.4 ft. 

After the hole was completed, a suite of geophysical logs (Appendix D) was run by the 
Water Resources Division of the U.S. Geological Survey. The lithology and stratigraphy, 
including depth intervals encountered in drillhole H-19b2, are summarized in Table 2-8. Section 
3 of this report provides a detailed description of the core. 



Table 2-7. Abridged History of Drillhole H-19b2 
LOCATION: Section 28, T. 22 S., R. 31 E. 1434.3 ft from South line and 2459.6 ft from 

West line 

ALTITUDE: 3417.13 ft (AMSL). Datum for depth measurements in drilling and logging 
operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Carl Young, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 18-inch hole to 37 ft, 40 ft of 14-inch OD surface pipe set. 

Commenced drilling May 10, 1995. 

Drilled 12.25-inch hole from 37 ft to 734.0 ft. 

Set 7-inch fiberglass casing to 732.35 ft and cemented in May 16, 1995. 

Cut 3.345-inch core by wireline method from 735.5 ft to 764.5 ft. 

Reamed 4.835-inch core hole to 5.875 inches from 735.5 ft to 764.5 ft. 

Drilled "rat hole" from 764.5 ft to 785.4 ft. 

Drilling completed May 20, 1995. 

Placed 5.5-inch PVC liner from 765.4 ft to 785.4 ft August 27, 1995. 

Recovered 
(%) 
96.0 

100.0 
100.0 
90.0 

0 
33.0 

Core 
No. 

1 
2 
3 
4 
5 
6 

Depth Interval (ft) 
from to 

735.5 - 740.5 
740.5 - 745.5 
745.5 - 750.5 
750.5 - 755.5 
755.5 - 760.5 
760.5 - 764.5 

Interval (ft) 
cored recovered 

5.0 
5 .O 
5 .O 
5 .O 
5.0 
4.0 

4.8 
5 .O 
5 .O 
4.5 
0 
1.3 



Table 2-8. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19b2 

NOTE: All depths recorded are in ft below ground level. 

WEILL NAME: Hydrologic Drillhole H-19b2 

LOCATION: Sec 28, Township 22 South, Range 3 1 East 

SURFACE COORDINATES: The well is located 1434.3 ft from the South line and 2459.6 ft 
from the West line of Section 28. 

ELEXATION: All depths are reported below ground level (BGL) which is 3417.13 ft above 
mean sea level (AMSL). Primary datum for each well is a "v" notch in surface 
conductor casing which is 3417.36 ft AMSL. 

DRILLING RECORD: 

Start Date: Commenced drilling May 10, 1995; completed drilling activities 
May 20, 1995. The drillhole was reworked August 27-28, 1995, when a PVC 
liner was placed in the hole. 

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt 
gel to casing point at a depth of 734.0 ft. After casing was set, cemented, and 
drilled out the drilling fluid was changed over to compressed air. Air was used to 
core and ream the Culebra in H- 19b2. 

Cored Interval: 3.345-inch core was taken from 735.5 ft to 764.5 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation, 
Woodland, California. 

Drillhole Record: 

Casing Record: 

Size 
(inches) 

18 
12.25 
5.875 

*5.875-inch open hole from 734 ft to 764 ft. 

from 
(ft) 

0 
37 

734.0 

Size 
(inches) 

14 
7 

5.5 

to 
( ft 

37 
734.0 

785.4 TD 

Weighvfoot 
(pounds) 

42 (H-40 steel) 
5.7 (Centron 
DHC-300) 
(Fiberglass) 
3.9 (PVC) 

from 
(ft) 

0 
0 

765.4 

to 
(ft) 

37 
732.35" 

785.4 



Top of Casing H-19b2 
341 9.0 ft amsl 

Ground Surface 
3417.1 ftamsl , 

Holocene Deposits 
28 14", 42 Ibm Conductor Casing 

Dewey Lake Redbeds 

1.u 1.1 Cement Grout 

/ 

628 

Magenta Member 

653 

c 
0 .- - m Tamarisk Member 
E 
0 
L 

CENTRON DHC-300 
ID 6.38' 
OD 7.0" 

Weight 5.7 Ibm 

- - 732.4-Bottom of 7" Casing Shoe 
0) - 
C fn 

741.6" - 73443ottom of 12.25' Hole 
Culebra Dolomite Member 

766 

unnamed lower member 

Total Depth 
785.4 

? L 
Salado Formation 

Notes: 
All depths are in approximate feet below ground surface. 
(') indicates formation depths taken from core. All other formation depths from geophysical logs. 
(?) indicates uncertainty. 
Drawing not to scale. 

Figure 2-4. As-built conditions of hydrologic drillhole H- 19b2. 



Table 2-9. Stratigraphic Summary of Drillhole H-19b2 

I-- 
ROCK UNIT DEPTH INTERVAL (ft)* 

Quaternary Deposits t 
Holocene Deposits* * 0-28 

IJpper Triassic Rocks t I Dockum Group (undifferentiated) 28-58? 1 
Permian Rocks 

Dewey Lake Redbeds 58?-567 

Rustler Formation 567-? 

Forty-niner Member 567-628 

Magenta Member 628-653 

Tamarisk Member 653-74 1.6 

Culebra Dolomite Member 74 1.6-766? 

unnamed lower member 766?-? 

* Depth intervals recorded from cuttings, cores, and geophysical logs. 
** Includes dune sand and caliche. 

2.4 Drillhole H-19b3 

Drillhole H-19b3 is located in Eddy County, New Mexico, 1509.2 ft from the South line 
(FSL,) and 2503.9 ft from the West line (FWL) of section 28, Township 22 South, Range 31 
East, at a surface elevation of 3417.28 ft above mean sea level (AMSL). Table 2-10 provides the 
abridged hole history. Table 2-1 1 and Figure 2-5 present a summary of the well-completion 
records and the final "as-built" conditions of the H-19b3 well. Figure 2-2 illustrates the location 
of H-19b3 in relation to the other drillholes on the H-19 hydropad. 

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel 
were, used to drill from 38 ft (just below the surface casing) to a depth of 734.0 ft (casing depth). 
After casing was set to 732.04 ft, cemented, and drilled out, the drilling fluid was changed to 
Culebra water pumped from H-19b0, and continuous wireline coring was conducted from 735.3 
ft to 768.3 ft. This interval cored includes the tracer test target geologic horizon, the Culebra 
Dolomite Member of the Rustler Formation. Following completion of coring, the core hole was 
rearrled and a "rat hole7' was drilled to 784.9 ft (total depth). A PVC liner was placed from 763.2 
to 783.2 ft) to prevent the hole from collapsing in the unnamed lower member. 

After completion of the hole, a suite of geophysical logs (Appendix D) was run by the 
Water Resources Division of the U.S. Geological Survey. The rock units, including depth 
intervals, are summarized in Table 2-12. A detailed description of the core is included in 
Section 3 of this report. 



Table 2-10. Abridged History of Drillhole H-19b3 
LOCATION: Section 28, T. 22 S., R. 31 E. 1509.2 ft from South line and 2503.9 ft from 

West line 

ALTITUDE: 3417.28 ft (AMSL). Datum for depth measurements in drilling and logging 
operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Carl Young, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 18-inch hole to 38 ft, 40 ft of 14-inch OD surface pipe set. 

Commenced drilling April 24,1995. 

Drilled 12.25-inch hole from 38 ft to 734.0 ft. 

Set 7-inch fiberglass casing to 732.0 ft and cemented in April 30, 1995. 

Cut 3.345-inch core by wireline method from 735.3 ft to 768.3 ft. 

Reamed 4.835-inch core hole to 5.875 inches from 735.3 ft to 768.3 ft. 

Drilled "rat hole" from 768.3 ft to 784.9 ft (total depth). 

Drilling completed May 9,1995. 

Placed 5.5-inch PVC liner from 763.2 ft to 783.2 ft August 28,1995. 

Recovered 
(%) 
94.0 
68.0 
98.0 
86.0 

0 
0 
0 
0 

Core 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Depth Interval (ft) 
from to 

735.3 - 740.3 
740.3 - 745.3 
745.3 - 750.3 
750.3 - 755.3 
755.3 - 760.3 
760.3 - 764.3 
764.3 - 766.3 
766.3 - 768.3 

Interval (ft) 
cored recovered 
5.0 
5.0 
5 .O 
5.0 
5.0 
4.0 
2.0 
2.0 

4.7 
3.4 
4.9 
4.3 
0 
0 
0 
0 



Table 2-11. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19b3 

NOTE: All depths recorded are in ft below ground level. 

WEL,L NAME: Hydrologic Drillhole H- 19b3 

LOCATION: Section 28, Township 22 South, Range 3 1 East 

SURFACE COORDINATES: The well is located 1509.2 ft from the South line and 2503.9 ft 
from the West Line of Section 28. 

ELEVATION: All depths are reported below ground level (BGL) which is 3417.28 ft above 
mean sea level (AMSL). Primary datum for each well is a "v" notch in surface 
conductor casing which is 3417.61 ft AMSL. 

DRILLING RECORD: 

Start Date: Commenced drilling April 24, 1995, and completed drilling activities 
May 9,1995. The drillhole was reworked August 28-29, 1995, when a liner was 
placed in the hole. 

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt 
gel to casing point at a depth of 734.0 ft. After casing was set, cemented, and 
drilled out the drilling fluid was changed to Culebra water pumped from H-19b0. 
Culebra water was used to core and ream the Culebra in H-19b3. 

Cored Interval: 3.345-inch core was taken from 735.3 ft to 768.3 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation, 
Woodland, California. 

Drillhole Record: 

Casing Record: 

Size 
(inches) 

18 

12.25 

5.875 

*5.875-inch open hole from 734 ft to 762 ft 

from 
(ft) 
0 

3 8 

734.0 

Size 
(inches) 

14 

7 

5.5 

to 
(ft) 
3 8 

734.0 

784.9 TD 

Weight/foot 
(pounds) 

42 (H-40 steel) 

5.7 (Centron 
DHC-300) 
(Fiberglass) 

3.9 (PVC) 

from 
(ft) 
0 

0 

763.2 

to 
(ft) 
38 

732.04* 

783.2 



Top of Casing ,+ 
3419.1 ft amsl 

Ground Surface 

Holocene Deposits 18' Augered Hole 
26 14". 42 Ibm Conductor Casing 

Dockum Group 

Dewey Lake Redbeds 

Fiberglass Well Casing 

I CENTRON DHC-300 I 

I II ' 
Weight 5.7 Ibm I 

Total Depth 
784.9 

568 

? $. 
Salado Formation 

s .- 
C 

8 
LL 

z - w 
ul 

Notes: 
All depths are in approximate feet below ground surface. 
(') indicates formation depths taken from core. All other formation depths from geophysical logs. 
(7) indicates uncertainty. 
Drawing not to scale. 

TRI-6115-887-0 

Forty-niner Member 
12.25" Borehole 

629 

Magenta Member 

654 

Tamarisk Member - 732.0-Bottom of 7' Casing Shoe 

740.0' 7- 734-Bottom of 12.25" Hole 

Culebra Dolomite Member 

765 

unnamed lower member 763.2-783.2 
5.5' OD; 4.88' ID 

Figure 2-5. As-built conditions of hydrologic drillhole H-19b3. 



Table 2-12. Stratigraphic Summary of Drillhole H-19b3 

r I 
ROCK UNIT DEPTH INTERVAL (ft)* 

Quaternary Deposits t I Holocene Deposits*" 0-26 I 
IJpper Triassic Rocks 

Dockum Group (undifferentiated) 26-60? 

Permian Rocks 

Dewey Lake Redbeds 

Rustler Formation 

Forty-niner Member 

Magenta Member 

Tamarisk Member 

Culebra Dolomite Member 

unnamed lower member 

* Depth intervals recorded from cuttings, cores, and geophysical logs. 
** Includes dune sand and caliche. 

2.5 Drillhole H-19b4 

Drillhole H-19b4 is located in Eddy County, New Mexico, 1510.6 ft from the South line 
(FSL,) and 2417.1 ft from the West line (FWL) of section 28, Township 22 South, Range 31. 
East, at a surface elevation of 3417.2 ft  above mean sea level (AMSL). Table 2-13 presents the 
abridged hole history. Table 2-14 and Figure 2-6 give a summary of the well-completion records 
and the final "as-built" conditions of the H-19b4 well, respectively. Figure 2-2 shows the 
location of H-19b4 in relation to the other drillholes on the H-19 hydropad. 

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel 
were. used to drill from 38 ft (just below the surface casing) to a depth of 734.0 ft  (casing depth). 
After casing was set to 730.7 ft, cemented, and drilled out, the drilling fluid was changed to 
Culebra water pumped from H-19b0, and continuous wireline coring was conducted from 735.5 
ft to 781.5 ft. This interval cored includes the tracer target geologic horizon (the Culebra 
Dolomite Member) and the upper part of the unnamed lower member of the Rustler Formation. 
Following completion of coring, the core hole was reamed to 781.5 ft (total depth). To prevent 
the hole from collapsing in the unnamed lower member, a PVC liner was placed from 761.8 to 
78 1 .lo ft. 

After completion of the hole, a suite of geophysical logs (Appendix D) was run by the 
Water Resources Division of the U.S. Geological Survey. The lithology and stratigraphy, 
including depth intervals, are summarized in Table 2-15. Section 3 of this report contains a 
detailed core description of the lithology of the Culebra in drillhole H-19b4. 



Table 2-13. Abridged History of Drillhole H-19b4 
LOCATION: Section 28, T. 22 S., R. 31 E. 1510.6 ft from South line and 2417.1 ft from 

West line. 

ALTITUDE: 3417.2 ft (AMSL). Datum for depth measurements in drilling and logging 
operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Carl Young, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 18-inch hole to 38 ft, 40 ft of 14-inch OD surface pipe set. 

Commenced drilling May 20, 1995. 

Drilled 12.25-inch hole from 38 ft to 734.0 ft. 

Set 7-inch fiberglass casing to 730.7 ft and cemented in June 1, 1995. 

Cut 3.345-inch core by wireline method from 735.5 ft to 781.5 ft. 

Reamed 4.835-inch core hole to 5.875 inches from 735.5 ft to 781.5 ft. 

Drilling completed June 5, 1995. 

Placed 5.5-inch PVC liner from 761.8 ft to 781.0 ft August 21,1995. 

U.S. Geological Survey ran geophysical logs September 6, 1995. 

Recovered 
(%) 

100.0 
100.0 
100.0 
100.0 
100.0 
20.0 
90.0 

100.0 
100.0 
100.0 

Core 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Depth Interval (ft) 
from to 

735.5 - 740.5 
740.5 - 745.5 
745.5 - 750.5 
750.5 - 755.5 
755.5 - 760.5 
760.5 - 761.5 
761.5 - 766.5 
766.5 - 771.5 
77 1.5 - 776.5 
776.5 - 78 1.5 

Interval (ft) 
cored recovered 

5 .O 
5 -0 
5.0 
5.0 
5 .O 
1 .O 
5 .O 
5.0 
5 .O 
5 .O 

5 .O 
5 .O 
5.0 
5 .O 
5.0 
0.2 
4.5 
5 .O 
5 .O 
5 -0 



Table 2-14. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19b4 

NOTE: All depths recorded are in ft below ground level. 

WELL NAME: Hydrologic Drillhole H- 19b4 

LOCATION: Section 28, Township 22 South, Range 3 1 East 

SURFACE COORDINATES: The well is located 15 10.6 ft from the South line and 24 17.1 ft 
from the West line of Section 28. 

ELEVATION: All depths are reported below ground level (BGL) which is 3417.2 ft above 
mean sea level (AMSL). Primary datum was a "v" notch in the surface conductor 
casing which was inadvertently destroyed during the drilling operations. The 
reference point now is an aluminum cap near H-19b4 which is 3416.37 ft AMSL. 

DRILLING RECORD: 

Start Date: Commenced drilling May 20, 1995; completed drilling activities 
June 5, 1995. The drillhole was reworked August 21-22, 1995, when a PVC liner 
was placed in the hole. 

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt 
gel to casing point at a depth of 734.0 ft. After casing was set, cemented, and 
drilled out, the drilling fluid was changed to Culebra water pumped from H-19b0. 
Culebra water was used to core and ream the Culebra in H-19b4. 

Cored Interval: 3.345-inch core was taken from 735.5 ft to 78 1.5 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation, 
Woodland, California. 

Drillhole Record: 

Casing Record: 

Size 
(inches) 

18 
12.25 
5.875 

*5.875-inch open hole from 734.0 ft to 761 ft. 

from 
(ft) 
0 
3 8 

734.0 

to 
( ft ) 
3 8 

734.0 
781.5 'I'D 

to 
(ft) 
3 8 

730.7* 

781.0 

from 
(ft) 
0 
0 

761.8 

Size 
(inches) 

14 
7 

5.5 

Weight/foot 
(pounds) 

42 (H-40 steel) 
5.7 (Centron 
DHC-300) 
(Fiberglass) 
3.9 (PVC) 



Top of Casing 
341 9.0 ft amsl '-19'4 

Ground Surface 
341 7.2 ft amsl 

!A R .  

Salado Formation 

Notes: 
All depths are in approximate feet below ground surface. 
(^) indicates formation depths taken from core. All other formation depths from geophysical logs. 
(?) indicates uncertainty. 
Drawing not to scale. 

Figure 2-6. As-built conditions of hydrologic drillhole H-19b4. 



Table 2-15. Stratigraphic Summary of Drillhole H-19b4 

r 
ROCK UNIT DEPTH INTERVAL (ft)* 

Quaternary Deposits t I Holocene Deposits* * 0-28 I 
p p p e r  Triassic Rocks 

Dockum Group (undifferentiated) 28-58? 

TJpper Permian Rocks t I Dewey Lake Redbeds 58?-568 I 
Rustler Formation 

Forty-niner Member 

Magenta Member 

Tamarisk Member 

Culebra Dolomite Member 

unnamed lower member 

* Depth intervals recorded from cuttings, cores, and geophysical logs. 
** Includes dune sand and caliche. 

2.6 Drillhole H-19b5 

Drillhole H-19b5 is located in Eddy County, New Mexico, 1466.3 ft  from the South line 
(FSI,) and 2420.4 ft  from the West line (FWL) of section 28, Township 22 South, Range 3 1 East, 
at a surface elevation of 3416.89 ft above mean sea level (AMSL). Table 2-16 shows the 
abridged hole history. Table 2-17 and Figure 2-7 summarize the well-completion records and 
illustrate the final "as-built" conditions of the H-19b5 well, respectively. Figure 2-2 shows the 
location of H-19b5 in relation to the other drillholes on the H-19 hydropad. 

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel 
were used to drill from 37 ft (just below the surface casing) to a depth of 734.2 ft (casing depth). 
After casing was set to 730.7 ft, cemented, and drilled out, the drilling fluid was changed to 
compressed air, and air was used for continuous wireline coring from 735.5 ft to 785.5 ft. This 
interval cored includes the tracer target geologic horizon (the Culebra Dolomite Member) and the 
upper part of the unnamed lower member of the Rustler Formation. Following completion of 
coring, the core hole was reamed to 785.5 ft (total depth). To prevent the hole from collapsing in 
the unnamed lower member, a PVC liner was placed from 761 -7 to 78 1.7 ft. 

After completion of the hole, a suite of geophysical logs (Appendix D) by the Water 
Resources Division of the U.S. Geological Survey. The lithology and stratigraphy, including 
dept.h intervals, that were encountered in drillhole H-19b5 are summarized in Table 2-18. 
Section 3 of this report contains a detailed lithologic description of the core taken. 



Table 2-16. Abridged History of Drillhole H-19b5 
LOCATION: Section 28, T. 22 S., R. 3 1 E. 1466.3 ft from South line and 2420.4 ft from 

West line 

ALTITUDE: 3416.89 ft (AMSL). Datum for depth measurements in drilling and logging 
operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Carl Young, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 18-inch hole to 37 ft, 40 ft of 14-inch OD surface pipe set. 

Commenced drilling June 1 1, 1995. 

Drilled 12.25-inch hole from 37 ft to 734.2 ft. 

Set 7-inch fiberglass casing to 730.7 ft and cemented in June 29, 1995. 

Moved rig off hole to H-19b6 July 9, 1995 before completing hole. 

Moved rig back August 25, 1995 

Cut 3.345-inch core by wireline method from 735.5 ft to 785.5 ft. 

Reamed 4.835-inch core hole to 5.875 inches from 735.5 ft to 785.5 ft. 

Drilling completed August 26, 1995. 

Placed 5.5-inch PVC liner from 761.7 ft  to 781.7 ft August 26, 1995. 

U.S. Geological Survey ran geophysical logs September 6, 1995. 

Recovered 
(%) 

Interval (ft) 
cored recovered 

Core 
No. 

Depth Interval (ft) 
from to 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

735.5 - 740.5 
740.5 - 745.5 
745.5 - 750.5 
750.5 - 755.5 
755.5 - 760.5 
760.5 - 765.5 
765.5 - 770.5 
770.5 - 775.5 
775.5 - 780.5 
780.5 - 785.5 

5.0 
5 .O 
5 .O 
5.0 
5.0 
5.0 
5 .O 
5.0 
5.0 
5 .O 

4.6 
5 .O 
4.2 
3 .O 
4.5 
4.1 
5.0 
4.8 
5 .O 
3.5 

92.0 
100.0 
84.0 
60.0 
90.0 
82.0 

100.0 
96.0 

100.0 
70.0 



Table 2-17. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19b5 

NOTE: All depths recorded are in ft below ground level. 

WELL NAME: Hydrologic Drillhole H- 19b5 

LOCATION: Section 28, Township 22 South, Range 3 1 East 

SURFACE COORDINATES: The well is located 1466.3 ft from the South line and 2420.4 ft 
from the West line of Section 28. 

ELEVATION: All depths are reported below ground level (BGL) which is 3416.89 ft above 
mean sea level (AMSL). Primary datum for each well is a "v" notch in surface 
conductor casing which is 3417.29 ft AMSL. 

DRI1,LING RECORD: 

Start Date: Commenced drilling June 11, 1995; completed initial drilling 
activities July 6, 1995. Following placement and cementing of casing at a depth 
of 730.7 ft, the rig was moved to another hole. The rig reoccupied the hole 
August 25, 1995, and the Culebra was cored, thus completing drilling activities. 
On August 26, 1995, the hole was reamed; a PVC liner was placed in the hole. 

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt 
gel to casing point at a depth of 734.2 ft. After casing was set, cemented, and 
drilled out, the drilling fluid was changed to compressed air. Air was used to core 
and ream the Culebra in H- 19b5. 

Cored Interval: 3.345-inch core was taken from 735.5 ft to 785.5 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation, 
Woodland, California. 

Drillhole Record: 

Casing Record: 

to 
(ft) 
3 8 

734.2 
783.4 

785.5 TD 

Size 
(inches) 

18 
12.25 
5.875 
4.833 

*5.875-inch open hole from 734.2 ft to 763 ft. 

from 
(ft) 
0 
3 8 

734.2 
783.4 

to 
(ft) 
38 

730.7* 

781.7 

from 
(ft) 
0 
0 

761.7 

Size 
(inches) 

14 
7 

5.5 

Weight/foot 
(pounds) 

42 (H-40 steel) 
5.7 (Centron 
DHC-300) 
(Fiberglass) 
3.9 (PVC) 



Top of Casing 9b5 
341 8.6 ft amsl 

Ground Surface 

Dockum Group 

Dewey Lake Redbeds 

Forty-niner Member 
12.25" Borehole 

Magenta Member 

Tamarisk Member 

730.7-Bottom of 7' Casing Shoe 
& 

734.2-Bottom of 12.25" Hole 
Culebra Dolomite Member 

unnamed lower member 

Total Depth 
785.5 

? L 
Salado Formation 

Notes: 
All depths are in approximate feet below ground surface. 
(') indicates formation depths taken from core. All other formation depths from geophysical logs. 
(?) indicates uncertainty. 
Drawing not to scale. 

TRI-6115-8840 

Figure 2-7. As-built conditions of hydrologic drillhole H-19b5. 



Table 2-18. Stratigraphic Summary of Drillhole H-19b5 

r 
ROCK UNIT DEPTH INTERVAL (ft)* 

Quaternary Deposits t I Holocene Deposits** 0-29 I 
F p p e r  Triassic Rocks 

1 Dockum Group (undifferentiated) 29-58? I 
U-pper Permian Rocks 

Dewey Lake Redbeds 

Rustler Formation 

Forty-niner Member 

Magenta Member 

Tamarisk Member 

Culebra Dolomite Member 

unnamed lower member 

* Depth intervals recorded from cuttings, cores, and geophysical logs. 
** Includes dune sand and caliche. 

2.7 Drillhole H-19b6 

Drillhole H-19b6 is located in Eddy County, New Mexico, 1554.4 ft from the South line 
(FSL,) and 2472.6 ft from the West line (FWL) of section 28, Township 22 South, Range 31 
East, at a surface elevation of 3417.25 ft  above mean sea level (AMSL). Table 2-19 presents the 
abridged hole history. Table 2-20 and Figure 2-8 summarize the well-completion records and 
show the final "as-built" conditions of the H-19b6 well. Figure 2-2 illustrates the location of 
drillhole H-19b6 in relation to the other drillholes on the H-19 hydropad. 

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel 
were used to drill from 39 ft (just below the surface casing) to a depth of 732.8 ft (casing depth). 
After casing was set to 730.1 ft, cemented, and drilled out, the drilling fluid was changed to 
comlpressed air, and air was used for continuous wireline coring from 736.5 ft to 788.1 ft. This 
interval cored includes the tracer target geologic horizon (the Culebra Dolomite Member) and the 
upper part of the unnamed lower member of the Rustler Formation. Following completion of 
coring, the core hole was reamed to 788.1 ft (total depth). To prevent the hole from collapsing in 
the unnamed lower member, a PVC liner was placed from 765 to 785 ft. 

After completion of the hole, a suite of geophysical logs (Appendix D) was run by the 
Watler Resources Division of the U.S. Geological Survey. The rock units and their respective 
depth intervals are summarized in Table 2-21. Section 3 of this report contains a detailed 
description of these cored intervals. 



Table 2-19. Abridged history of Drillhole H-19b6 
LOCATION: Section 28, T. 22 S., R. 31 E. 1554.4 ft from South line and 2472.6 ft from 

West line 

ALTITUDE: 3417.25 ft above mean sea level (AMSL). Datum for depth measurements in 
drilling and logging operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Carl Young, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 18-inch hole to 39 ft, 40 ft of 14-inch OD surface pipe set. 

Commenced drilling July 10, 1995. 

Drilled 12.25-inch hole from 39 ft to 732.8 ft. 

Set 7-inch fiberglass casing to 730.1 ft and cemented in July 18, 1995. 

Moved rig off hole to H-19b7 July 26, 1995 before completing hole. 

Moved rig back August 22, 1995 

Cut 3.345-inch core by wireline method from 736.5 ft to 788.1 ft. 

Reamed 4.835-inch core hole to 5.875 inches from 736.5 ft to 788.1 ft. 

Drilling completed August 24, 1995. 

Placed 5.5-inch PVC liner from 765 ft to 785 ft August 24, 1995. 

U.S. Geological Survey ran geophysical logs September 5, 1995. 

Core 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Depth Interval (ft) 
from to 

736.5 - 741.5 
741.5 - 746.5 
746.5 - 75 1.5 
751.5 - 755.2 
755.2 - 759.2 
759.2 - 764.2 
764.2 - 768.1 
768.1 - 773.1 
773.1 - 778.1 
778.1 - 783.1 
783.1 - 788.1 

Recovered 
(a) 
82.0 
82.0 
82.0 
60.0 
50.0 
46.0 
79.0 

100.0 
100.0 
100.0 
78.0 

Interval (ft) 
cored recovered 
5.0 
5 .O 
5 .O 
3.7 
4.0 
5.0 
3.9 
5 -0 
5 .O 
5 .O 
5.0 

4.1 
4.1 
4.1 
2.2 
2.0 
2.3 
3.1 
5.0 
5.0 
5 .O 
3.9 



Table 2-20. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19b6 

NOTE: All depths recorded are in ft below ground level. 

WELIL NAME: Hydrologic Drillhole H- 19b6 

LOC.ATION: Section 28, Township 22 South, Range 3 1 East 

SURIFACE COORDINATES: The well is located 1554.4 ft from the South line and 2472.6 ft 
from the West line of Section 28. 

ELEVATION: All depths are reported below ground level (BGL) which is 3417.25 ft above 
mean sea level (AMSL). Primary datum for each well is a "v" notch in surface 
conductor casing which is 3417.50 ft AMSL. 

DRILLING RECORD: 

Start Date: Commenced drilling July 10, 1995; completed drilling activities 
July 26, 1995. Following placement and cementing of casing at a depth of 730.1 
ft, the rig was moved to another hole. The rig reoccupied the H-19b6 hole 
August 23, 1995, and the Culebra was cored. On August 24, 1995, the hole was 
reamed, and a PVC liner was placed in the hole. 

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt 
gel to casing point at a depth of 732.8 ft. After casing was set, cemented, and 
drilled out, the drilling fluid was changed to compressed air. Air was used to core 
and ream the Culebra in H-19b6. 

Cored Interval: 3.345-inch core was taken from 736.5 ft to 788.1 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation, 
Woodland, California. 

Drillhole Record: 

Casing Record: 

Size 
(inches) 

18 
12.25 
5.875 
4.833 

*5.875-inch open hole from 732.8 ft  to 766 ft. 

37 

from 
( ft ) 
0 
3 9 

732.8 
785.0 

to 
( ft ) 
39 

732.8 
785.0 

788.1 TD 

to 
(ft) 
39 

730.1 * 

785 

from 
(ft) 
0 
0 

765 

Size 
(inches) 

14 
7 

5.5 

Weightlfoot 
(pounds) 

42 (H-40 steel) 
5.7 (Centron 
DHC-300) 
(Fiberglass) 
3.9 (PVC) 



Top of Casing 
3419.1 it arms]"-'9'6 

Ground Surface 

Dewey Lake Redbeds 

Dockum Group 

Fiberglass Well Casing 

Cement Grout 

Forty-niner Member 
12.25' Borehole 

Magenta Member 

c 
0 .- - m Tamarisk Member E 
0 
LL _/- 730.1-Bottom of 7" Casing Shoe 
& - 732.8-Bottom of 12.25" Hole 

Culebra Dolomite Member 

unnamed lower member 

Total Depth 
788.1 

? V  
Salado Formation 

Notes: 
All depths are in approximate feet below ground surface. 
C) indicates formation depths taken from core. All other formation depths from geophysical logs. 
(?) indicates uncertainty. 
Drawing not to scale. 

Figure 2-8. As-built conditions of hydrologic drillhole H-19b6. 



Table 2-21. Stratigraphic summary of Drillhole H-19b6 
- 

ROCK UNIT DEPTH INTERVAL (ft)* 
Quaternary Deposits t 1 Holocene Deposits* * 0-28 I 
Upper Triassic Rocks 

Dockum Group (undifferentiated) 28-63? 

Upper Permian Rocks 1 Dewey Lake Redbeds 63?-566 
I Rustler Formation 566-623 I 

Forty-niner Member 

Magenta Member 

Tamarisk Member 

Culebra Dolomite Member 

unnamed lower member 

* Depth intervals recorded from cuttings, cores, and geophysical logs. 
** Includes dune sand and caliche. 

2.8 Drillhole H-19b7 

Drillhole H-19b7 is located in Eddy County, New Mexico, 1455.6 ft from the South line 
(FSL) and 2464.1 ft from the West line (FWL) of section 28, Township 22 South, Range 3 1 East, 
at a surface elevation of 3416.94 ft above mean sea level (AMSL). Table 2-22 includes the 
abridged hole history. Tables 2-23 and 2-24 summarize the well-completion records and the rock 
units and their respective depth intervals, respectively. Figure 2-9 shows the final "as-built" 
conditions of the H-19b7 well. Figure 2-2 shows the location of H-19b7 in relation to the other 
drillholes on the H- 19 hydropad. 

Conventional rotary drilling procedures and saturated sodium chloride brine and salt gel 
were used to drill from 38 ft (just below the surface casing) to a depth of 678.6 ft. At 678.6 ft, 
continuous wireline coring was conducted in the Tamarisk Member of the Rustler Formation to a 
depth of 735.3 ft. After coring, the hole was reamed to a casing depth of 733.6 ft. Casing was 
set to 73 1 .O1 ft, cemented, and drilled out, then the drilling fluid was changed to compressed air. 
Air was used for continuous wireline coring from 736.0 ft to 783.0 ft. This interval cored 
inclutdes the Culebra Dolomite Member and the upper part of the unnamed lower member of the 
Rustler Formation. Following completion of coring, the core hole was reamed to 783.0 ft and 
continued to 785.0 ft (total depth). To prevent the hole from collapsing in the unnamed lower 
member, a PVC liner was placed from 762.5 to 782.5 ft. 

After completion of the hole, a suite of geophysical logs (Appendix D) was run by the 
Water Resources Division of the U.S. Geological Survey. Section 3 of this report contains a 
detailed core description. 



Table 2-22. Abridged History of Drillhole H-19b7 
LOCATION: Section 28, T. 22 S., R. 31 E. 1455.6 ft  from South line and 2464.1 ft from 

West line 

ALTITUDE: 3416.94 ft (AMSL). Datum for depth measurements in drilling and logging 
operations. 

LOGS PREPARED BY: Robert M. Holt, New Mexico Tech; Carl Young, INTERA Inc. 

DRILLING CONTRACTOR: Water Development Corporation, Woodland, California 

DRILLING RECORD: 

Augered 18-inch hole to 38 ft, 40 ft of 14-inch OD surface pipe set. 

Commenced drilling July 27, 1995. 

Drilled 6.25-inch hole from 38 ft to 577.4 ft. 

Changed to 4.875-inch bit and drilled from 577.4 ft to 678.6 ft. 

Cut 3.345-inch core by wireline method from 678.6 ft  to 735.3 ft. 

Reamed hole to 12.25 inches from 39 ft to 733.6 ft (casing depth). 

Set 7-inch fiberglass casing to 73 1 .O1 ft; cemented in August 7, 1995. 

Cut 3.345-inch core by wireline method from 736.0 ft to 783.0 ft. 

Reamed 4.835-inch core hole to 5.875 inches from 733.6 ft to 785.0 ft. 

Drilling completed August 18, 1995. 

Placed 5.5-inch PVC liner from 762.5 ft to 782.5 ft August 19, 1995. 

U.S. Geological Survey ran geophysical logs September 5, 1995. 

Core 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Depth Interval (ft) 
from to 

678.6 - 683.6 
683.6 - 688.6 
688.6 - 693.6 
693.6 - 698.6 
698.6 - 703.6 
703.6 - 708.6 
708.6 - 712.1 
712.1 - 715.3 
715.3 - 720.3 
720.3 - 725.3 
725.3 - 730.3 
730.3 - 735.3 
736.0 - 741 .O 
74 1 .O - 746.0 

Recovered 
(%I 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
96.0 
92.0 
98 .O 

Interval (ft) 
cored recovered 

5.0 
5 .O 
5 .O 
5 .O 
5 .O 
5.0 
3.5 
3.2 
5 .O 
5 .O 
5.0 
5 .O 
5.0 
5.0 

5.0 
5 .O 
5.0 
5.0 
5.0 
5.0 
3.5 
3.2 
5 .O 
5.0 
5.0 
4.8 
4.6 
4.9 



Table 2-22. Abridged History of Drillhole H-19b7 (continued) 
Depth Interval (ft) Interval (ft) Recovered 

from to cored recovered (%I 
15 746.0 - 750.2 4.2 1 2.6 62.0 

Table 2-23. Summary of Drilling and Well Completion Records 
of Hydrologic Drillhole H-19b7 

NOTE: All depths recorded are in ft below ground level. 

WEILL NAME: Hydrologic Drillhole H- 19b7 

LOCATION: Section 28, Township 22 South, Range 31 East 

SURXACE COORDINATES: The well is located 1455.6 ft from the South line and 2464.1 ft 
from the West line of Section 28. 

ELEYATION: All depths are reported below ground level (BGL) which is 3416.94 ft above 
mean sea level (AMSL). Primary datum for each well is a "v" notch in surface 
conductor casing which is 3417.27 ft AMSL. 

DRILLING RECORD: 

Start Date: Commenced drilling July 27, 1995; completed drilling activities 
August 18,1995. On August 18-19,1995, the hole was reamed and a PVC liner 
was placed in the hole. 

Circulation Fluid: Drilled with saturated sodium chloride brine water with salt 
gel to casing point at a depth of 733.6 ft. Cored the interval from 678.6 ft to 735.3 
ft using saturated brine water. After casing was set, cemented, and drilled out, the 
drilling fluid was changed to compressed air. Air was used to core and ream the 
Culebra in H- 19b7. 

Cored Interval: 3.345-inch core was taken from 678.6 ft to 735.3 ft and from 
736.0 ft to 783.0 ft. 

Rig and Drilling Contractor: Dresser T70W, Water Development Corporation, 
Woodland, California. 



Casing Record: 

Drillhole Record: 

Size 
(inches) 

18 
12.25 
5.875 

*5.875-inch open hole from 731.0 ft to 762.5 ft. 

Table 2-24. Stratigraphic Summary of Drillhole H-19b7 

ROCK UNIT DEPTH INTERVAL (ft)* 
Quaternary Deposits 

Holocene Deposits*" 0-28 

from 
(ft) 
0 
3 8 

733.6 

to 
(ft) 

3 8 

73 1 .O* 

782.5 

Size 
(inches) 

14 

7 

5.5 

Upper Triassic Rocks 

Dockum Group (undifferentiated) 28-60? 

Upper Permian Rocks 

Dewey Lake Redbeds 60?-567 

Rustler Formation 567-? 

Forty-niner Member 567-627 

Magenta Member 627-652 

Tamarisk Member 652-739.5 

Culebra Dolomite Member 739.5-764? 

unnamed lower member 764?-? 

to 
(ft) 
3 8 

733.6 
785.0 TD 

* Depth intervals recorded from cuttings, cores, and geophysical logs. 
** Includes dune sand and caliche. 

WeightJfoot 
(pounds) 

42 (H-40 steel) 

5.7 (Centron 
DHC-300) 
(Fiberglass) 

3.9 (PVC) 

from 
(ft) 

0 

0 

762.5 



Top of Casing ,,_, 9b7 
3419.0 ft amsl 

Ground Surface 

3416.9 ft amst , 

7 731 .&Bottom of 7' Casing Shoe 
ki - 
e 
V) 

739.5* 733.6-Bottom of 12.25" Hole 
Culebra Dolomite Member 

764 

unnamed lower member 
5.5" OD; 4.88' ID 

Total Depth 
785 

? L 
Salado Formation 

Notes: 
All depths are in approximate feet below ground surface. 
(') indicates formation depths taken from core. All other formation depths from geophysical logs. 
(?) indicates uncertainty. 
Drawing not to scale. 

Figure 2-9. As-built conditions of hydrologic drillhole H-19b7. 
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3. DETAILED DESCRIPTION AND INTERPRETATION OF SELECTED 
CORE INTERVALS FROM THE H-19 HYDROPAD 

Robert M. Holt 

This section of the basic data report addresses special geologic issues related to the H-19 
hydropad, including (1) geologic issues relevant to the hydraulic and tracer testing of the Culebra 
Dolomite Member of the Rustler Formation at the H-19 hydropad, (2) the general geologic 
characterization of the Rustler Formation; and (3) the origin of perched water in the upper part of 
the Dewey Lake Redbeds. During drilling activities at the H-19 hydropad, seven cores, H-19b0, 
H- 191b2, H- 19b3, H- 19b4, H- 19b5, H- 19b6, and H- 19b7, were removed from the Culebra and 
subsequently were described geologically in detail. The legend and the graphic logs from these 
descriptions are presented in Section 3.1. On the basis of the geologic descriptions, four 
hydrostratigraphic units were identified in the Culebra at the H-19 hydropad and are described in 
Section 3.1. In addition, the results reported here provided the basis for a conceptual model of 
transport processes in the Culebra (Holt, 1997). 

In addition, the Dewey Lake Redbeds and the upper Rustler Formation were cored at 
another borehole, H- 19b 1. The entire Rustler section above the Culebra in the H- 19b 1 core was 
described in detail. The geologic description of the upper Rustler units is summarized and 
interpreted and a graphic log of the description is presented in Section 3.2. During the drilling of 
borelhole H-19b1, moisture was encountered in the upper part of the Dewey Lake Redbeds. A 
41-ft.-thick section of the Dewey Lake was selected for detailed description to qualify the 
geologic conditions related to perched water in the upper Dewey Lake. These descriptions and 
related interpretations are presented in Section 3.3. 

3.1 Culebra Hydrogeology at the H-19 Hydropad 

Seven Culebra cores were recovered during drilling activities at the H-19 hydropad and 
subslequently described. The legend used for the graphic logs of these descriptions is provided in 
Figure 3-1. The detailed descriptions of each core are provided in Figures 3-2 through 3-8. 
Observations of Culebra geologic features at the H-19 hydropad are consistent with the 
observations of Holt and Powers (1988; 1990a) and Beauheim and Holt (1990). Four 
hydrostratigraphic units were identified in the Culebra cores from the H-19 hydropad. These 
units correlate with the mapping units reported by Holt and Powers (1990a) from the Culebra at 
the TNIPP air intake shaft (AIS). A summary of the thickness of each of these hydrostratigraphic 
units is presented in Table 3-1. The following discussion summarizes the geologic character of 
each. of the hydrostratigraphic units at the H-19 hydropad and represents a synthesis of all H-19 
hydropad core descriptions. Consistent with existing core and shaft descriptions and geophysical 
logs, English-System length units (ft, in) will be used. 

The uppermost hydrostratigraphic unit in the Culebra, CU-I, corresponds to AIS mapping 
units 1 and 2 and varies in thickness from 9.7 to 10.5 ft in complete cores from the H-19 
hydropad (Table 3-1). CU-1 consists of well-indurated, microcrystalline dolomite. It is more 
massively bedded than the underlying units, and strata within the beds are primarily parallel. 
Some burrows are present, and bioturbation becomes less common upward. Several areally 
persistent zones showing cryptalgal layering occur within the upper part of CU-1, and H-19 cores 
shovv dark-brown-stained bedding-plane separations in the vicinity of these features. 



Legend for H-19b0, b2, b3 ,  b4, b5, b6, b7 

------ Wavy strata eeeooeeo Coated grains - 
lnterbed containing poorly 

Flat strata cemented silty dolomite 

-- Bedding plane parting Vug fil led with poiki lotopic 
with no cement fil l ing gypsum cement 

Cryptalgal layering DQ v u g  

6 Soft sediment Gypsum-filled fracture 
deformation with shear 

4 Burrow or bioturbation @ a Gypsum nodule 

... ,. Halite or anhydrite pseudo- ..'* - . . . .: . Microvugs v v v morphs after vertically . -  :.. . . . .. oriented prismatic gypsum 
crystals 

A A Breccia 
CQ oo oo Smeared lnraclast texture 

(e.g., Holt and Powers,1988) 

X X Fractures with no cement 
or f i l l ing C;Z04O Boudin structures 

- Discontinuous or wispy 
J 

Irregular masses of poorly - strata P cemented si l t- to clay-size 
dolomite 

TRI-6801-41-1 

Figure 3-1. Legend for the Culebra core descriptions of H-19b0, b2, b3, b4, b5, b6, and b7. 



Figure 3-2a. Detailed geologic description of the Culebra interval from H-19b0. 
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Figure 3-2b. Detailed geologic description of the Culebra interval from H-19b0. 

General 
Descriptions 

749.9 - 755.3 
Culebra Unit 2 
Well-indurated, microcrystalline 
dolomite with interlaminae and 
interbeds of poorly cemented, 
silt- to clay-size ddomite. 
Dolomite silt interbeds become 
more common upward: dolomite 
silt laminae show abundant 
soft sediment slumping and 
disruption near the base and in 
the middle of the unit. Locally 
shows bioturbatiion. Large vugs 
moderately abundant; some are 
filled with pokilotopic gypsum 
cements. Small-scale fractures 
with highly variable orientations 
occur around vugs, bedding 
planes, and dolomite silt 
i n t e M s .  Intense fracturing 
below 754.0. Dark brown and 
orange stains are present on 
me surfaces, Upper 
and lower marked by 
silty dolomite interbeds. 

755.3 - 758.6 
Culebra Unit 3 
Zone almost entirely crushed 
and broken. Consists of irregular 
pieces of indurated dolomite and 
silty dolomite ranging from 
< 0.5 in. to over 5 in. on a side. 
Silt- to clay-sued ddomite flwr 
abundant. Shows dark brown 
stains on some fracture surfaces. 

-- 

H-l9b0 

Clastic 
Material 
Percent 
m o m  
N L D F -  

Crushed ddomite, dark brown stains of 
block surfaces. Some silt flour. 

Microlaminated, silty dolomite interbed. 
lower surfaces show dark 
and minor soft sediment 

- Dark brown stains on some fracture 

Miaolaminated. silty dolomite interbed. 
and lower surfaces show dark 

brown clay and minor soft sediment 

- Intensely fradured, some fracture 
surfaces show dark brown stains. 

i- Deformed interlaminae of siltstone. 

- Intensely fradured. Silty dolomite 
interlaminae deformed. have dark brown 
day at top and bottom. 

- Crushed ddomite, block size increases 
toward middle. Abundant silt flour. Dark 
brown stains on some block surfaces. 

I I 7 
I I 
I I 757, / I 

Descriptions 

Grain 
Size Lith- 

ology 
Depth 

(ft) 
Geologic 
Features 



Figure 3-2c. Detailed geologic description of the Culebra interval from H-19b0. 



Culebra Unit 1 
Dolomite, microcrystalline, 
microlaminated to thinly 
bedded, strata are flat to wavy. 
Upper 1 It consists of silty 

Orange stain on subvettical dolomite. Surface of core partly 
fracture surfaces. obscured by silty dolomite flour. 

Interlaminae of silt- to clay-size 
dolomite are rare at the base 
and become more common 
upward. Bedding plane 
separations and surfaces of 
intact core show dark brown 
stains and accumulations of 

Some pokilotopic gypsum on dark brown material. Orange 

fracture surfaces. stains occur along some fracture 
surfaces. Poikilotopic gypsum 
occurs in some fractures and 
postdates orange and brown 
stains on fracture surfaces. 
Few vugs, miaovugs are locally 
abundant and some are filled 
with poikilotopic gypsum. Small 

Core surface shows clay skin, scale subvettical fractures are 
concentrated around bedding 
plane partings. Depth of lower 
contact of unit is estimated from 
core photographs. 

Dark brown stains on fracture 
surfaces. Silty dolomite interbeds, 
spaced 0.2 - 0.5 ft. 

laminated to thinly bedded. Silty 
dolomite f lwr is abundant. 
Surfaces of b l d s  may show 
orange and dark brown stains. 
Base of unit not observed. 

Inl-Q, la--" 

Figure 3-3a. Detailed geologic description of the Culebra interval from H-19b2. 



Figure 3-3b. Detailed geologic description of the Culebra interval from H-19b2. 



underlying material; some fractures 
parallel to bedding planes. 

- Cryptalgal layering, separation. thinly bedded. lnterkminae of 
- Vugs possibly collapsed. poorly cemented silt- to clay- 
- Cryptalgal layering, separation. size ddomite are rare at the 

base and become more 
common upward. Bedding 
plane separations are common 

stains and material. Zones 
displaying cryptalgal layering 
occur locally. Vugs filled with 
poikilotopic gypsum above 
746.0. Microvugs are abundant 
between 746.0 and 748.0; some 
are filled with poikilotopic 
gypsum cements. Fractures 

- Separation along cryptalgal layering. filled with poikilotopic gypsum 
cements from 741.0 -743.5 and 

- Separation, dark brown material. 

-Separation, dark brown material. 

- Large. 93.5 in.. open vugs. 

Separation, dark brown material 
along bedding plane. 

Culebra Unit 2 
Well-indurated, microcrystalline, 
dolomite with interlaminae and 
interbeds d poorly cemented, 

gypsum preserved in vugs 
and fractures with a filled 
aperture c 0.1 in. Filled 
fractures occur in areas free 
of vugs. Lower contact of unit 

lnl-oll>cu~-u 

Figure 3-4a. Detailed geologic description of the Culebra interval from H-19b3. 



Figure 3-4b. Detailed geologic description of the Culebra interval from H-19b3. 

General 
Descriptions 

TRI-6115898-0 
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(ft) 

756 

757 

758 

Geologic 
Features Descriptions 

Two pleces 4 inches long 
recovered, rerna~nder lost. 
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Figure 3-5a. Detailed geologic description of the Culebra interval from H- 19b4. 
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Descriptions 

Tamarisk Member 

Carbonate-rich micrdaminae Anhydrite 2 
Anhydrite, microcrystalline to 
finely crystalline, gypsiferous laminae to laminae. near base. Carbonate-rich 
microlaminae, separate 
irregular to wavy thin 
laminae to laminae of 
gypsiferous anhydrite. Shows 
cryptalgal layering and a 
nodular fabric near the base. 

Culebra Dolomite 

cu~ebra unit 1 

slightly wavy. Interlaminae 
of poorly cemented silt- to 
day-size dolomite are rare at 
the base and become more 
common upward; they are fiat 

+ Dark brown day along parting, locally with minor undulations along 
overlain by poikilotopic gypsum. the contads. Upper 1.5 ft 

contains moderate amounts of 
dolomite silt, and lppermost 
0.7 ft shows clyptalgal 
layering. Some bedding plane 
separations occur along thin 
laminae of dark brown day- 
size material. Few vugs, most 
filled with poikilotopic gypsum 
cements; small scale fradures 
often originate at vugs. Micro- 
vugs are rare and occur along 
bedding planes. Zones that 
display cryptalgal layering 
occur locally. Short sub- 
vertical fractures occur 
between some bedding planes; 
most are filled with poikilotopic 
gypsum cements. Upper and 
lower contads sharp. Lower 
contact occurs at silty dolomite 
interbed. 

748.7 - 753.7 
Culebra Unit 2 
Well-indurated, microcrystalline 
dolomite with deformed 
and disrupted interbeds and 

1- Silty dolomite intercalated with interlaminae Of 

- 749.0 irregular, deformed micrdaminae $E:,S'$:G - 749.2 of well-indurated dolomite. parallel to a bedding plane at - 750.0. Crushed below 750.5. 
Bids range from 0.5 
to 5 in. on a side and show 
orange to dark brown stains on 
surfaces. Very rile gypsum 

Crushed core. contains several present. Lower contad not 
intact pieces 0.5 in. thid. observed. 

/ / 
abundant silt flou. 

/ / 
--. -" 

General 
Descriptions 



Culebra Unit 3 
Crushed core consisting of 
well-indurated, miaocrystalline 
dolomite with silt- to clay-size 
dolomite flour from 755.5 to 
756.3. Below 756.3. consists 
of well-indurated dolomite 
interbedded with poorly 
cemented silt- to clay-size 
dolomite. Contains little 
gypsum. A p m  to be c r m -  
cut by an open, subvertical 
fracture. Lower contact at 
base of siltstone interbed. 

Culebra Unit 4 
Dolomite, microcrystalline, well 
indurated, contains interbeds 
of poorly cemented silt- to 
clay-size dolomite near the 
top of the unit. Unit shows 
soft sediment deformation. 
induding shear structures. 
Vugs are filled with pokiiotopic 
gypsum cements. Miaovugs 
abundant in upper part. 

shear and slump features. 

unnamed lower member 

Gray daystone and mudstone 
from 761.8 to 766.9. Upper 
part shows soft sediment shear 

Base of Culebraflop stnrdures, deformed interbeds. 
761'8 of unnamed lower member and *up chsts of mudstone. 

k Soft sediment. shear features. Middle part shows a hint of 
subhorizontal stratification. I- Deformed gypsum interbed. Near the base, some interbeds 

F Ripup clasts of mudstone. show boudin structures. 
Interbeds consisting of micro- + Microlaminated, gypsum-rich 

deformation. 
Reddish-brown mudstone from 

Trace of subhorizontal stratification. 766.9 to 772.0. Displays 
abundant fibrous-gypsum-filled 
fractures above 770.0. Hints of 
subhorizontal stratification 

fractures between 767.5 and 
768.5. Gypsum interbed 
occurs at 770.0. Below 770.0, 

TRI-6115900-0 

Figure 3-5b. Detailed geologic description of the Culebra interval from H-19b4. 



Shows smeared intraclast texture. 

Anhydrite, microcrystalline. 
gray, thinly laminated to 
laminated. Strata are flat to 

Shows soft sediment shear. wavy and show low-angle 
cross-cutting relationships. 
Some strata show soft 
sediment deformation, 
including shear. Upper 2 ft 
very gypsiferous. Halite 
pseudomorphs after vertically- 
oriented prismatic crystals 

oriented prismatic gypsum crystals, 781.5. Gore disked between 
some to 1 in. high. 778.0 - 779.0. Lower contact 

Halite pseudornophs after vertically 
oriented prismatic gypsum crystals, 
some to 1 in. high, some tipped and 

Figure 3-5c. Detailed geologic description of the Culebra interval from H-19b4. 



- 736.7 Top of Culebra Culebra Dolomite 

- Cryptalgal layering, sily. 

-Sit interlaminae. 

well-indurated, miudaminated 
to thinly bedded. Strata are 
flat to slightly wavy. Upper 
2 R very silty, shows possible 
coated grains. lnterlarninae of 
poorly cemented silt- to day- - 739.5 Dark brown stain on parting. size dolomite are rare at the 
base and become more 
common upward; they are flat 
with minor undulations along 
the upper and lower contacts. 

Dark stain on surface. 

Dark brown material on bedding 
vertical fractures occur between 
some bedding planes, some 
are filled with poikilotopic 
gypsum cements. The upper 
contad is sharp and marked by 

Culebra Unit 2 
Most of the unit is crushed. 
Blocks consist of well-indurated, 

contaim vugs bounded by small 
fractures; both are filled with 

dolomite interbed inferred from 

TRI-6115-9024 

Figure 3-6a. Detailed geologic description of the Culebra interval from H-19b5. 



Figure 3-6b. Detailed geologic description of the Culebra interval from H-19b5. 



- H-19b6 

Clastic Grain 
Matlxial Size Depth Lith- Geologic General - 

Pensnt , ' (ff) ology Features 
Descriptions Descriptions 

r n ~ :  
Z O E  Grnc r ,  

1 1  1 ' 1  
736 Tamarisk Member - - Top of core Anhydrite 2 

Anhydrite, microcrystalline to 
finely crystalline, gypsiferous 

Culebra Dolomite 

well-indurated, micrdaminated 
to thinly bedded. Strata are 
flat to slightly wavy. Upper 
1.5 f i  very silty. Interlaminae of 
poorly cemented silt- to clay- 
size dolomite are rare at the 
base and become more 
common upward; they are flat 
with minor undulations along 

Subvertical fractures filled with 
poikilotopic gypsum. 

subhorizontal parting. fractures occur between some 
bedding planes; sorne are filled 
with poikilotopic gypsum 

Dark brown stain on subhorizontal cements. The upper contact is 
sharp and marked by cryptalgal 
layering. Lower contact occurs 
at silty dolomite interbed 
(inferred from core photographs) 

well-indurated, microcrystalline 

749.1 to 749.4 and 750.1 to 750.2. probably intenseiy fractured 
in situ. In core photographs, 
small - to  moderate-size blocks 
show a general vertical fabric. 

TRI-6115-904-0 

Figure 3-7a. Detailed geologic description of the Culebra interval from H-19b6. 



Most of the unit is crushed 
or unrecovered. Blocks consist 
of well-indurated, micro- 
crystalline dolomite, with 
abundant silt- to clay-size 
dolomite flour. Dark brown and 
orange stains occur on some 
block surfaces. Unit probably 
intensely fractured in sifu. 

larger microvugs to 0.1 in. Some 
poikilotopic gypsum fracture 
fillings. Silty dolomite interbeds 
at 755.8 and 756.1. 

Culebra Unit 4 
Dolomite, microcrystalline. 
well-indurated, may contain 
interbeds of poorly cemented 
silt- to day-size dolomite. 
Abundant microvugs, 0.05 - 0.1 
in. Some subvertical surfaces 
show a dark brown stain. Very 
discontinous, irregular interbed 
of silt-sized dolomite near top 
of zone. Some very thin beds 
contain no vugs and show 
wavy to thin micrdaminae. 
Some crushed pieces show 
abundant microfractures with 
blodc sizes -0.5 x 0.5 in. 
Bedding plane separations 
occur frequently and often 
show concentrations of dark 
brown, clay-size material. 
Upper and lower contacts 

,"l-OI ,J-Wa-U 

Figure 3-7b. Detailed geologic description of the Culebra interval from H-19b6. 



Figure 3-8a. Detailed geologic description of the Culebra interval from H-19b7. 
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Dolomite, microcrystalline, 
well-indurated, microlaminated 
to thinly bedded. Strata are 
flat to slightly wavy. Upper 
1 ft very silty. Interlaminae of 
poorly cemented silt- to day- 
size ddomite are rare at the 
base and become more 
common upward; they are flat 
with minor undulations along 
the upper and lower contacts. 
Bedding plane separations 
often show dark brown, chy- 
size material. Few vugs, most 
cemented with gypsum. 
Microvugs are moderately 
abundant between 743.0 - 745.9. 
Short subvertical fractures occur 
between some bedding planes. 
Most fractures are filled with 
pokilotopic gypsum cements. 
The upper contact is sharp and 
marked by cryptalgal layering. 
Lower contad occurs at a silty 
dolomite interbed inferred from 
core photographs. 

748.7 - 753.5 
Culebra Unit 2 
Most of the unit is crushed or 
unrecovered. Blocks consist d 
well-indurated, microcrystalline 
dolomite, with abundant silt- to 
chy-size dolomite flour. Dark 
brown and orange stains occur 
on some block surfaces. Unit 

probably intensely fractured 
situ. In core photographs. 

small -to moderatesize blodcs 
show a general vertical fabric. 
Some vugs 0.1 - 0.5 in. diameter. 
Blocks range in size from 
-0.5 x 0.5 in. to 1 x 1 in. 
Probabie sill interlammae locally, 
as silt flour abundant. Fracture 
surfaces show dark brown and 
orange stains. Probable 
subvertical fradure below 752.0, 
as shown in core photo. Few 
microvugs. Lower contact not 
observed. 

TRI-61159060 

partings show dark brown material. - - - 740.6 
No Recovery 

741 / - 741 .O I- Crushed dolomite, large well- 
- 741.5 ~ndurated piece above crushed, 

silty, ddomite. 
742 Irregular. deformed silt interbed with 

dark material at the base. 

743 

744 
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750 

ure 
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752 

Cryptalgal layering. silty. mainly crushed 
740 - - - parts along subhorizontal bedding planes; 
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Descriptions 
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General 
Descriptions 
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Figure 3-8b. Detailed geologic description of the Culebra interval from H-19b7. 
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Grain 
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Depth 
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754.7 - 757.5 

of well-indurated, micro- 
crystalline dolomite, with 
abundant silt- to clay-size 
dolomite flour. Dark brown and 
orange stains occur on some 
blodc surfaces. Unit probably 
intensely fractured in situ. 
Poikilotopic gypsum present on 
a few fracture surfaces. Upper 
contact not observed. Lower 
contact at silty dolomite 
interbd inferred from core 
photograph. 

Pieces of intact core 0.2 - 0.3 ft thick 

I 

separated by crushed regions 0.1 - 0.2 757.5 - 762.4 
I Culebra Unit 4 
I Most of unit is crushed or 
I unrecovered. Blocks consist of 
I 
I 

well-indurated, microcrystalline 

I 
dolomite, with some s i t  to clay- 

I size dolomite flour. Dark brown 
and orange stains occur on 
some block surfaces. Pieces of 
intact core 0.2 - 0.3 ft t h i i  
separated by crushed regions 
0.1 - 0.2 ft thick. Completely 
crushed below 761.6 ft. 
Abundant miaovugs, up to 5%, 

Lith- 
ology 

765 - 

are filled with gypsum. A few 
larger, 112 inch-scale, dark 
brown, stained fracture 
surfaces are evident. Lower 
contact not observed. 

TR14115907 
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Recovered 
bH-19b3 1 1 .O- 4.3' Not 

Table 3-1. Thicknesses of Culebra Hydrostratigra 

Recovered 

:H-l9b5 
:H-19b6 10.1 4.6 2.0' 

~h ic  Units in H-19 Cores 
CU-3 Core 
Thickness 

(ft) 
3.3 
Not 

I 

Not 15.3' 

CU-2 Core 
Thickness 

( ft 
5.4 
3.7' 

Well 

IH-19b0 
IH-19b2 1 

Recovered 
21.5' 

2.3' 19.0' 

CU-1 Core 
Thickness 

(ft) 
9.8' 
9.7 

NOTE: Total core thickness is a sum of the average thickness of each hydrostratigraphic unit. 
+ Upper or lower contact of the unit was not present in the core, and unit thickness is 
greater than the thickness listed. 
- Amount of core loss assigned to the interval containing the hydrostratigraphic unit 
may be too great, yielding a thickness that is too large. 
* Averages include only complete core intervals (those not marked by + or -). 

Dark brown stains also occur along other bedding-plane separations. Laminae of poorly 
cemented, silt- to clay-size (chalky) dolomite are rare at the base, but become more common 
upward. The laminae are flat with minor undulations along the contacts. Core often separates 
along these interlaminae. Partially cemented chalky dolomite with cryptalgal layering makes up 
the upper 1 to 2 ft of CU-1. These features are consistent with the organic-rich, crinkled "algal" 
laminae or stromatolitic mounds observed at the upper contact of the Culebra by Holt and Powers 
(1984, 1988). This zone may also contain oolites or coated grains. Fractures are less common 
than in lower units, are usually parallel to bedding planes, or may propagate subvertically from 
bedding plane to bedding plane. CU-1 typically contains very few large vugs, although 
rnicro'vugs are common and frequently parallel stratification. Poikilotopic gypsum cements fill 
some vugs, microvugs, and fractures. The upper contact of the Culebra is sharp and distinct. 

The thickness of the second hydrostratigraphic unit (CU-2) varies between 4.6 and 5.8 ft 
in complete cores from the H-19 hydropad (Table 3-1). CU-2 corresponds to AIS mapping unit 
3a. Only three cores from the H-19 hydropad contain the entire thickness of CU-2, and 
recovered CU-2 core is mostly crushed. CU-2 is intensely fractured in the AIS and was 
described by Holt and Powers (1990a) as a packbreccia. The term packbreccia (Morrow, 1982) 
refers to a highly broken rock with limited rotation of the broken pieces. At the H-19 hydropad, 
CU-2 consists of laminated to thinly bedded dolomite exhibiting cross-cutting relationships. 
Strata are mostly parallel and flat, although some low-angle cross-stratification, ripple cross- 
laminae, and ripple forms are preserved. Interbeds of chalky dolomite from 0.5 in. to 3 in. thick 
become more abundant near the top of CU-2. Subhorizontal burrows up to 2 in. long and 0.5 in. 
in diimeter occur within well-indurated dolomite. Small-scale, soft-sediment deformation is 
1ocall.y abundant as strata are slumped, sheared, and disrupted to varying degrees. Near the base, 
chalky dolomite strata typically are disrupted and may form irregular masses. Vugs and gypsum 



nodules, to 3 in. diameter, are locally abundant in CU-2. In places, these vugs give the unit a 
honeycombed appearance and disrupt and disconnect strata. Holt and Powers (1988) report that 
the margins of vugs in the Culebra show soft-sediment displacement. Some vugs are partly to 
completely collapsed. Nearly all vugs are interconnected by fractures. Crushed core pieces range 
from ~ 0 . 5  in. to - 4 in. on a side. Based on photographs taken of the cores prior to removal from 
the core barrel, it is likely that fracture spacings occur at a similar scale. Fracture and block 
surfaces are frequently stained orange or dark brown. The upper contact of CU-2 is arbitrarily 
placed at a silty dolomite interbed. 

The third hydrostratigraphic unit in the Culebra (CU-3) is between 3.3 and 3.7 ft thick in 
complete H-19 cores (Table 3-1). It corresponds to AIS mapping unit 3b. At borehole H-19b0, 
fluid logging indicates that the greatest flow rate into the borehole occurs within CU-3 
(Beauheim et al., 1997). Complete recovery of this zone during H-19 coring activities was 
achieved only at boreholes H-19b0 and H-19b5. Even when all of CU-3 was recovered, the 
majority of the unit was crushed during coring activities. At the AIS, Holt and Powers (1990a) 
describe this unit as a packbreccia because of its intensely fractured appearance. Intact pieces of 
core from CU-3 are rare and show wavy discontinuous thin laminae with some low-angle cross- 
cutting relationships. Crushed core consists of blocks of well-indurated, microcrystalline 
dolomite with abundant silt- to clay-size dolomite flour. Blocks range in size from ~ 0 . 5  in. to - 
4 in. on a side. The dolomite flour is probably derived from irregular, highly discontinuous and 
deformed laminae and very thin beds of chalky dolomite found elsewhere in CU-3 (e.g., Holt and 
Powers, 1990a). Photographs of the core, prior to its removal from the core barrel, show that the 
unit is intensely fractured. Holt and Powers (1990a) report that large open vugs from this 
interval are partly to wholly collapsed at the AIS. Fracture surfaces commonly display an orange 
or dark brown stain. The upper contact of CU-3 is arbitrarily assigned to a silty dolomite 
interbed that is persistent across the H-19 hydropad. 

The lowermost hydrostratigraphic unit (CU-4) corresponds to AIS mapping units 3c and 
4. At the H-19 hydropad, its thickness ranges from 4.5 to 5.8 ft in complete cores (Table 3-1). In 
WIPP shafts, the lower contact of the CU-1 is irregular and undulatory, with undulations up to 
3 ft (Holt and Powers, 1986; 1990a). Similar undulations may be present at the H-19 hydropad. 
The lowermost 0.5 to 0.7 ft consists of thinly laminated to laminated dolomicrite with thin 
argillaceous partings. This zone is equivalent to AIS mapping unit 4, and at the AIS, the 
structure of these laminae mimic the lower contact. Where the undulations at the lower contact 
are most extreme, the laminated dolomite is often brecciated (e.g., Holt and Powers, 1986). 
Minor amounts of brecciation were observed in this zone at H-19b0. The remainder of CU-1 is 
thinly laminated to very thinly bedded. These strata are mostly flat to wavy and show low-angle 
cross-cutting relationships. Near the top of CU-4, several interlaminae of chalky dolomite occur. 
These interbeds show moderate amounts of soft-sediment deformation. Large gypsum nodules 
and vugs (up to 1.5 in diameter) may occur in the lower 1 ft of this zone. Some of these nodules 
and vugs show evidence of collapse. Gypsum-filled, subvertical fractures connected with 
angular, gypsum-filled pore spaces are preserved in some H-19 cores (e.g., H-19b0). The shapes 
of these features are consistent with minor amounts of downward displacement with horizontal 
extension. Cores of CU-4 often separate along bedding planes (spaced 0.2 to 1.0 ft) showing 
orange or dark brown stains. Gypsum-filled or open, subvertical fractures also showing dark 
brown or orange stains terminate at these bedding planes. Small, open vugs (<O .1 in ) are 



common in CU-4 and appear to be concentrated in the vicinity of bedding-plane partings. The 
upper contact of CU-4 is sharp and is arbitrarily assigned to a silty dolomite interbed. 

3.2 Geology of the Rustler Formation at the H-19 Hydropad 

The entire Rustler section above the Culebra was cored in borehole H-19bl. The core was 
descrj.bed in detail using the informal Rustler stratigraphic subdivisions of Holt and Powers 
(1988) shown in Figure 3-9. Figures 3-10a, b, and c present a graphic log depicting the geologic 
features observed in the upper Rustler. In this section, the geologic features observed in each 
unit and their implications are discussed. 

Anhydrite 2 (A-2) is the lowermost unit of the Tamarisk Member and occurs in the depth 
interval from 722.4 to 732.6 ft. It consists of locally gypsiferous microcrystalline anhydrite 
interliuninated with minor amounts of carbonate. Between 728.1 and 732.6 ft, A-2 is thinly 
laminated to very thinly bedded, and strata are wavy with low-angle cross-cutting relationships. 
Small anhydrite pseudomorphs after vertically oriented prismatic gypsum crystals occur between 
730.5 and 730.1 ft. An irregular zone containing large coarsely crystalline gypsum occurs 
betwe:en 731.0 and 732.5 ft. Between 727.65 and 728.1 ft, a siltstone displaying wavy to 
contorted, thin laminae to laminae and smeared intraclast textures occurs. Above 727.65 ft, 
gypsijferous anhydrite shows relict thin laminae to very thin beds. Stratification becomes less 
common above 724.3 ft, and a nodular fabric occurs. Gypsum occurs in irregularly shaped zones 
belour 725.5 ft, and a zone containing coarsely crystalline gypsum occurs at 725.0 ft. The upper 
contact of A-2 is sharp and irregular. The lower contact of A-2 was not observed. 

Mudstone 3 (M-3) occurs in the Tamarisk in the depth interval from 709.25 to 722.4 ft. 
Between 720.3 and 722.4 ft, M-3 consists of mudstone. It displays abundant rounded to angular 
pebbles and granules of gray and red siltstone showing soft-sediment deformation and small 
angular cobbles of anhydrite and microlaminated mudstone. Smeared intraclast textures (e.g., 
Holt and Powers, 1988) are also present. Some fractures filled with fibrous gypsum cross-cut . 
breccia clasts. A large, displaced block of laminated anhydrite occurs between 718.5 and 720.3 
ft. hiiudstone-supported pebbles of siltstone and mudstone occur between 718.2 and 718.5 ft. 
The upper surface of the mudstone shows slickensides that do not parallel the dip of the contact. 
Betw~een 717.25 and 718.2 ft, a second large, displaced block of laminated anhydrite occurs. 
Strata within the displaced blocks of anhydrite are discordant with the block-bounding surfaces. 
Above 717.25 ft, M-3 consists of mudstone-supported granule- to cobble-size breccia clasts of 
mudstone and laminated anhydrite. Smeared intraclast textures are preserved locally. The upper 
contact of M-3 is sharp. 

Anhydrite 3 (A-3), the uppermost unit in the Tamarisk, occurs in the depth interval 
between 650.3 and 709.25 ft. It consists of microcrystalline anhydrite interlaminated with minor 
amounts of carbonate. Holt and Powers (1988) subdivided A-3 into three zones, which are 
present in the H-19bl core. The lower zone, A-3a, occurs between 685.0 and 709.25 ft. Strata 
are wavy to slightly irregular thin laminae and very thin beds showing low-angle cross-cutting 
relationships. Anhydrite rip-up clasts occur at 708.5 ft. Anhydrite pseudomorphs after vertically 
oriented prismatic gypsum crystals become more common upward and range in size from 
<0.06 in. to >2 in. The middle zone, A-3b, occurs between 667.0 and 685.0 ft. Strata are wavy, 
thin llaminae to very thin beds showing low-angle cross-cutting relationships and soft-sediment 
deformation. The crushed prism texture (Holt and Powers, 1988) characterizes this zone. 
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Figure 3-9. Rustler stratigraphy. 



566.6 - 595.6 fl 
Anhydrite 5 (A-5) 
Microcrystalline anhydrite, locally gypsiferous, thinly laminated to very thinly bedded. 
strata are wavy to slightly contorted, bedded nodular textures occur locally, a subvertical 
gypsum-filled fradure occurs near the upper contact; the upper contact is sharp and 
erosional. Core is disked and broken and is coated with a gypsum flour that obscures 
sedimentary structures. 

595.6 - 609.8 11 
Mudstone 4 (M-4) 
M-4 consists of argillaceous to sandy siltstone and locally contains gypsum nodules and - crystals. The lower 2.5 ft is gray siltstone showing hints of irregular. deformed. wavy, 
thin laminae. At 607.5 ft, rounded and angular clasts d siltstone occur. Above 607.5 ft, 
red siltstone displays locally deformed and slumped, wispy thin laminae; some sdt sediment 
shear is evident; and smeared intraclast textures occur locally. An erosional contact occurs 
at 605.2 ft. Above this contact, the siltstone becomes argillaceous and displays possble 
smeared intraclast textures and wispy thin laminae. Between 600.5 and 603.0 ft, no core 
was recovered. The siltstone above 600.5 ft is similar to that between 6052 and 603.0 ft; 
it becomes sandy between 596.0 and 597.0 ft; the upper 0.5 ft of mudstone 4 is gray. The 
lpper contact is sharp and distind. 

Microaystalline anhydrite, locally gypsiferous, thinly laminated to very thinly bedded, locally 
shows bedded nodular textures. Strata are wavy and slightly irregular. Gypsum is most 
common near the base, as fibrous fillings in subhorizontal fradures. Upper contact is sharp. 

625.0 - 650.3 A 
Magenta Dolomite 
Gypsiferous dolomite consisting of silt- to sand-size grains. Cryptalgal layering and 
strornatdiies occur in the lower 2 it. Core is crushed between 648.7 and 649.1 11. 

coated grains occur between 627.0 and 628.0 ft. The upper contact is 

TRI-6115-908-0 

Figure 3-10a. Detailed geologic description of the upper Rustler interval from H-19bl. 



Descriptions 

650.3 -709.25 ft 
Anhydrite 3 (A-3) 
Microcrystalline anhydrite interlaminated with minor amounts of carbonate. The lower zone, 
A-3a of Holt and Powers (1988), occurs between 685.0 and 709.25 ft. Strata are wavy to 
slightly irregular, thin laminae to very thin beds; some strata show low-angle cross-cutting 
relationships; anhydrite ripup dasts occur at 708.5 ft; an erosional surface occurs at 699.7 8; 
anhydrite pseudomorphs after vertically oriented prismatic gypsum crystals become more 
common upward and range in size from c 1/16 in. to > 2 in. The middle zone, A-3b. occurs 
between 667.0 and 685.0 ft. Strata are wavy, thin laminae to very thin beds showing low- 
angle cross-cutting relationships and local soft sediment deformation; the crushed prism 
texture (e.g.. HoN and Powers. 1988) is common through this zone; some small (c 112 in.) 
anhydrite pseudomorphs after vertically oriented prismatic gypsum crystals are preserved; 
possible desiccation cracks occur at 682.3,679.7, and 668.2 It. The upper zone, A-3c, 
occurs between 650.3 and 667.0 It. Strata are wavy to contorted, very thin laminae to very 
thin beds showing a bedded noduhrfabric (e.g., Holt and Powers, 1990a); soft sediment 
deformation with shear occurs at 663.5 11; possible desiccation cracks occur at 663.0.661.5, 
and 656.5 ft. A-3 is intensely fractured and collapsed near base, and the amount of disruption 

15"- decreases upward; individual breccia dasts are abundant near the base; upward, strata are 
200 cross-cut by irregular fractures, and adjacent strata separated by these fractures may be 

highly discordant, indicating that the fractures represent bounding surfaces between rotated 
breccia blocks; strata within some b h s  are rotated > 90"; blodc size increases upward; 
small breccia M&s spar to be concentrated in highly disrupted zones bounding larger 
bl&s; between 706.8 and 709.25, rotated and displaced cobble-size blocks of anhydrite are 
cemented by gypsumlanhydrite: fracture spacing, the amount of rotation of intact b l d s ,  and 
number of small blocks in disrupted zones decrease upward; day often occurs along the 
margins of intact blodcs of bedded anhydrite; gypsum is most abundant along margins of 
bl&s but also locally occurs within large blocks; at the lower contact, strata terminate into 
a zone containing coarse gypsum crystals; between 689.0 and 690.0 ft, bedding terminates 
into large, 1 in. to 2 in. equidimensional gypsum crystals showing triple junctions between the 
crystals and textures indicating the exdusion of clay minerals; large gypsum crystals with day 

50- mncentrated along crystal margins also occur at 678.0 ft; many fractures show varying 
100 amounts of displacement; the uppermost fracture showing obvious displacement occurs at 

709.25 - 722.4 ft 
Mudstone 3 (M-3) 
Between 720.3 and 722.4 11, mudstone containing abundant rounded to angular pebbles and 

TRI-6115-909-0 

Figure 3-lob. Detailed geologic description of the upper Rustler interval from H-19bl. 
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Figure 3- 10c. Detailed geologic description of the upper Rustler interval from H- 19b 1. 



Some small ( ~ 0 . 5  in.) anhydrite pseudomorphs after vertically oriented prismatic gypsum crystals 
are preserved. The upper zone, A-3c, occurs between 650.3 and 667.0 ft. Strata consist of wavy 
to contorted, very thin laminae to very thin beds showing a bedded nodular fabric (Holt and 
Powers, 1990a). In both A-3b and A-3c, possible desiccation cracks occur locally. The upper 
contact of A-3 is gradational over 0.2 ft. 

A-3 is intensely fractured and collapsed near its base; the amount of collapse decreases 
upward. Individual breccia clasts are more abundant and smaller near the base of A-3. The 
block size increases upward and, in general, the amount of rotation decreases. Large blocks are 
distinguished by dipping strata that are discordant with bounding surfaces. Strata within some 
blocks are rotated >90°. Small breccia blocks appear to be concentrated in highly disrupted 
zones bounding larger blocks. Clay often occurs along the margins of intact, rotated blocks of 
bedded anhydrite. Gypsum is most abundant along margins of blocks but also occurs locally 
within large blocks. Gypsum textures indicating possible recrystallization occur locally. These 
textures include: strata terminating into a zone containing coarse gypsum crystals, large 
equidimensional gypsum crystals showing intercrystalline triple junctions, and textures indicating 
the exclusion of clay minerals. The uppermost fracture showing obvious displacement occurs at 
669.8 ft. 

The Magenta Member of the Rustler Formation occurs in the depth interval between 
625.0 and 650.3 ft. The Magenta consists of gypsum- and dolomite-cemented silt- to sand-size 
grains of dolomite. Cryptalgal layering and stromatolites occur in the lower 2 ft. Strata within 
the remainder of the unit consist of flat to wavy to lenticular thin laminae and very thin beds 
showing low-angle cross-cutting relationships. Some ripple cross-laminae also occur. The 
condition of the Magenta core generally is poor when compared to other WIPP cores. The core 
shows moderate disking locally and is crushed in several intervals. In addition, the core is split 
along a subvertical fracture between 638.4 and 642.2 ft. No core was recovered between 635.2 
and 638.0 ft. In general, the lower portion of the Magenta is soft and poorly cemented. Some 
gypsum nodules are present, and coated grains occur between 627.0 and 628.0 ft. The upper 
contact is gradational. 

Anhydrite 4 (A-4) is the lowermost unit of the Forty-niner Member and occurs in the 
depth interval from 609.8 to 625.0 ft. A-4 consists of locally gypsiferous rnicrocrystalline 
anhydrite. It is thinly laminated to very thinly bedded and locally shows bedded nodular textures. 
Strata are wavy and slightly irregular. Gypsum is most common near the base, where it occurs as 
fibrous fillings in subhorizontal fractures. The upper contact is sharp. 

Mudstone 4 (M-4) occurs in the Forty-niner in the depth interval from 595.6 to 609.8 ft. 
It consists of argillaceous to sandy siltstone and locally contains gypsum nodules and crystals. 
The lower 2.5 ft is gray siltstone showing hints of irregular, deformed, wavy, thin laminae. At 
607.5 ft, rounded and angular clasts of siltstone occur. Above 607.5 ft, red siltstone displays 
wispy thin laminae that are locally deformed and slumped, and some soft-sediment shears and 
smeared intraclast textures are evident locally. An erosional contact occurs at 605.2 ft. Above 
this contact, the siltstone becomes argillaceous and displays possible smeared intraclast textures 
and wispy thin laminae. No core was recovered between 600.5 and 603.0 ft. Sandy siltstone 
occurs between 596 and 597 ft. The upper 0.5 ft of M-4 is gray. The upper contact is sharp and 
distinct. 



Anhydrite 5 (A-5) is the uppermost unit of the Forty-niner and occurs in the depth 
interval from 566.6 to 595.6 ft. Core from A-5 is disked and broken and coated with a gypsum 
flour that obscures sedimentary structures. It is a locally gypsiferous, microcrystalline anhydrite 
with wavy to slightly contorted, thin laminae to very thin beds. Bedded nodular textures occur 
locally. The upper contact of A-5 with the Dewey Lake Redbeds is sharp and erosional. 

The sedimentary structures observed in the Rustler at H-19bl are consistent with those 
reported by Holt and Powers (1988, 1990a) and Powers and Holt (1990). Rustler units above 
A-2, however, show evidence of upward stoping, brecciation, and collapse. Stratigraphic 
disruption appears to originate in the M-3lH-3 interval. These features are strong evidence of 
post-clepositional dissolution (Holt and Powers, 1990a). The collapse features observed at 
H-19bl are similar to those reported at H-3b3 by Holt and Powers (1988). At H-3b3, Holt and 
Powers (1988) estimate that as much as 30 ft of halite was removed from the M-3/H-3 interval. 
They also report minor amounts of collapse originating in the M-3/H-3 interval at H-1 1. Holt 
and Powers (1988) suggest that, if present, post-depositional dissolution of halite from Rustler 
mudsitone/halite units would most likely be found in a boundary zone between the region known 
to contain halite and the region where sedimentary features indicate that halite did not survive the 
depos.ition of the overlying unit. They also suggest that boreholes H-3b3 and H-11 fall within 
this zone. The H-19 hydropad is situated in the same region. Because the disruption observed at 
H-19bl occurs above the Culebra, it is unlikely to have affected Culebra hydraulic properties. 
The vertically averaged hydraulic conductivity of the Magenta, however, may be increased at the 
H- 19 hydropad. 

The timing of the dissolution and collapse observed at H-19bl remains unknown. 
Neveirtheless, some timing relationships are evident in the core. Because fractures filled with 
fibrous gypsum cross-cut and bound some breccia clasts, these fractures must post-date 
dissol.ution and collapse. The fibrous habit of the fracture-filling gypsum indicates that the 
fractures were filled with gypsum as they opened (Holt and Powers, 1990a; Durney and Ramsay, 
197311. The age of these fractures is unknown, but they may be very old. Similar gypsum-filled 
fractures in the Dewey Lake Redbeds developed syndepositionally (Holt and Powers, 1990a; e.g., 
Figurje 16). 

3.3 Perched Water Tables in the Dewey Lake Redbeds 

The entire section of Dewey Lake Redbeds was cored at H-19bl. During the drilling, 
moisture was first encountered at a depth of 184 ft. At boreholes WQSP-6 and 6a, 1.2 miles west 
of H- 19, a perched water table was encountered at a depth of approximately 164 ft (Beauheim 
and Ruskauff, 1998). In addition, water has been encountered in several boreholes near the 
southern WIPP-site boundary and several stock wells south of the WIPP site are possibly 
complleted in a perched aquifer in the upper Dewey Lake Redbeds (Mercer, 1983). Holt and 
Powers (1990a), who also described moisture in the upper part of the Dewey Lake at the AIS, 
noted1 that the lower part of the Dewey Lake Redbeds was cemented with a very hard material, 
probably anhydrite or gypsum, and was characterized by abundant gypsum-filled fractures. They 
reported that the upper Dewey Lake was poorly indurated, weakly cemented with carbonate, 
contained no gypsum-filled fractures, and was moist (Holt and Powers, 1990a). The transition 
between the two cement types was abrupt and occurred at a depth of 164.5 ft. Coincident with 
this change in cement, fractures became filled with fibrous gypsum, and no moisture was 



observed below the cement contact. Holt and Powers (1990a) hypothesized that perched water 
tables elsewhere in the Dewey Lake may rest on this cement change. Supporting their 
hypothesis, borehole video logs from WQSP-6a reveal that most water inflow into the borehole 
occurs above the first occurrence of gypsum-filled fractures. 

A portion of the Dewey Lake core from borehole H-19bl was described in detail to test 
the Holt and Powers (1990a) hypothesis. Based on the reported first occurrence of moisture, the 
depth interval between 169.0 and 209.4 was chosen for description. In this interval, the Dewey 
Lake Redbeds consist of interbedded medium to very fine sand and silt in upward fining 
sequences ranging from 4 . 0  to - 4.0 ft thick. Strata are primarily flat thin laminae to very thin 
beds, although some ripple cross-stratification and low-angle cross-cutting relationships are 
evident in the core. Some soft-sediment slump features, including probable pillow structures, are 
present. Rip-up clasts occur locally. Below a depth of 201.0 ft, the Dewey Lake sediments are 
well-indurated and hard, poikilotopic cements are evident along broken pieces of core, and 
fractures are filled with fibrous gypsum. Above 201.0 ft, the Dewey Lake is poorly indurated and 
soft. Bedding-plane separations and other fractures have no gypsum fillings or linings, although 
some fracture surfaces appear to have a carbonate coating. Open fractures are occasionally 
preserved within intact pieces of core. 

The Holt and Powers hypothesis is supported by the observations at H-19bl. The cement 
change observed by Holt and Powers (1 990a) at the AIS is also present at H- 19b 1, in roughly the 
same stratigraphic position (365 ft above the Rustler/Dewey Lake contact at H-19bl vs. 348.5 ft 
above the contact at the AIS), and moisture appears at 184 ft. Thus, it is likely that this cement 
change has significant areal extent. The reduction in permeability caused by the cement change 
probably represents a significant impediment to vertical infiltration of water. If the infiltration 
rate exceeds the vertical, saturated hydraulic conductivity of the well-cemented portion of the 
Dewey Lake, ponding will occur on the surface defined by the cement change. Under these 
conditions, local relief on the surface will define the areal extent of any perched water zone. 

Holt and Powers (1990a) also suggested that this cement change may reflect the depth 
and extent of infiltration of recent meteoric water. Evidence from Nash Draw, however, does not 
support this assertion. The lower part of the Dewey Lake is exposed along the southern part of 
Livingstone Ridge. Stratigraphically higher sections of the Dewey Lake are exposed northward 
along Livingstone Ridge. Along Livingstone Ridge, the Dewey Lake is unconformably overlain 
by the Gatuiia Formation and the Mescalero caliche. The Mescalero caliche began to form 
approximately 510,000 years ago (Bachman, 1985). If the cement difference observed in the 
subsurface is related to the dissolution of cements from Gatuiia-age or younger near-surface 
groundwaters, no gypsum fracture fillings would be preserved in Dewey Lake outcrops. 
However, fibrous gypsum fracture fillings are present in Dewey Lake outcrops along most of 
Livingstone Ridge. In the uppermost part of the Dewey Lake, e.g., near Maroon Cliffs, no 
gypsum fracture fillings are observed, suggesting that the cement change is unrelated to recent, or 
even Cenozoic, processes. Because sulfate cements in the Dewey Lake are in part 
syndepositional (Holt and Powers, 1990a; 1990b), the cement change observed in the WIPP area 
may reflect a syndepositional change in groundwater chemistry, or it may indicate dissolution of 
sulfate cements during a period of intense groundwater circulation (e.g., the Mesozoic). Without 
further investigation, however, the spatial distribution of this cement change or its origin cannot 
be known. 



3.4 Summary 

At the H-19 hydropad, the Culebra can be subdivided into four distinct hydrostratigraphic 
units. These hydrostratigraphic units correlate with mapping units identified by Holt and Powers 
(1990a) in the Culebra at the WIPP AIS. The uppermost hydrostratigraphic unit (CU-1) is 
massively bedded and fractures are primarily subhorizontal, follow bedding planes, and are 
widely spaced. The average recovered thickness of CU-1 at the H-19 hydropad is 9.9 ft. The 
second and third hydrostratigraphic units (CU-2 and CU-3) are lithologically similar. They are 
intensely fractured with fracture spacings as small as 0.5 in. The average recovered thicknesses 
of CU-2 and CU-3 are 5.2 and 3.5 ft, respectively. The lowermost hydrostratigraphic unit (CU-4) 
is moderately fractured, and its average recovered thickness is 5.0 ft. 

The entire upper part of the Rustler Formation was cored at borehole H-19bl. The 
sedim.entary features preserved in this core are consistent with those reported by Holt and Powers 
(1988). Textures indicating brecciation, upward stoping, and collapse originate in the Tamarisk 
Member mudstone (M-3/H-3 of Holt and Powers, 1988). Similar features occur at the H-3 and 
H-11 hydropads. Holt and Powers (1988) interpreted these features as the product of post- 
depositional dissolution of halite from the Tamarisk mudstonelhalite interval. They suggested 
that these boreholes occur in a zone that marks the original depositional margin of halite in the 
Tamarisk Member. The H-19 hydropad is located in the same region. 

Several boreholes in the region south of the WIPP site, including H-19b1, have 
encountered perched water or moist zones in the upper part of the Dewey Lake Redbeds (see 
Mercer, 1983). In the AIS, moisture was also observed in the upper part of the Dewey Lake 
(Holt and Powers, 1990a). At the AIS, this moisture occurred above a change in the material 
cemeinting the Dewey Lake sediments. Descriptions from the H-19bl core reveal that moisture 
encoumtered during drilling occurs above a similar cement change and support the hypothesis that 
the cement change is a regional feature that may control the occurrence of water in the upper 
Dewe:y Lake Redbeds (Holt and Powers, 1990a). 
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1. INTRODUCTION 

1,.1 Purpose 

The Waste Isolation Pilot Plant (WIPP) is a U.S. Department of Energy (DOE) research 

and  development facility designed to demonstrate the safe disposal of transuranic wastes resulting 

from the United States' defense programs. The WIPP repository is excavated in the bedded halite 

of the Salado Formation, 2150 ft below land surface. At the WIPP site, the Salado Formation 

is qpproximately 2000 ft thick and is overlain by the approximately 300-ft-thick Rustler 

Formation, the 500-ft-thick Dewey Lake Red Beds, and approximately 50 ft of surficial deposits 

ranging from weathered sedimentary bedrock to Quaternary eolian deposits (Figure 1-1). The 24- 

ft-thick Culebra Dolomite Member of the Rustler Formation is the most transmissive saturated 

bedrock unit above the WIPP repository and is considered to be the most likely pathway for 

radionuclide transport to the accessible environment in the event of a breach of the repository. 

Evaluation of WIPP's compliance with 40 CFR 191B by the WIPP Performance 

Assessment Department of SNL relies on a model of radionuclide transport through the Culebra. 

Modeling of transport through the Culebra requires, first, a conceptual model of the mechanisms 

and processes governing that transport and, second, quantitative estimates of the parameters 

required for numerical simulation of those processes. The Culebra Transport Program represents 

the combined efforts of the SNL Geohydrology (6115) and Chemical Processes (6119) 

Departments to provide the data necessary to construct a model for Culebra transport. 

Field tracer tests are one component of the Culebra Transport Program. Tracer tests 

provide data with which to evaluate different processes affecting transport and to estimate 

transport parameters. Interpretations of previous tracer tests conducted at the WIPP site indicated 

that the Culebra behaves locally as a double-porosity medium in which advective flow occurs 

through fractures while diffusion of solutes from the fractures to the surrounding rock matrix acts 

to retard solute transport. Using a double-porosity transport model based on these tracer-test 

inte:rpretations, the WIPP PA Department (1993) showed that physical retardation arising from 
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Figure 1-1. Stratigraphic units at the WIPP site. 
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matxix diffusion could make the Culebra an effective barrier to release of radionuclides to the 

accessible environment. 

This Field Operations Plan (FOP) supports the Culebra Transport Program in the 

investigation of the potential role of the Culebra as a transport pathway for radionuclides. The 

activities described in this FOP are designed to provide a group of boreholes in which to conduct 

tracer tests to define the nature of solute transport in the Culebra and provide quantitative 

estimates of all transport parameters needed for Performance Assessment calculations. The FOP 

describes plans, procedures, and specifications for the construction of wells at the H-19 hydropad, 

which is being established southeast of the WIPP surface facilities between the H-3 hydropad and 

observation well DOE-1 (Figure 1-2). The work will consist of drilling, coring, geophysical 

logging, and completing seven boreholes, H-19bl through H-19b7, to the Culebra. 

Construction of the H-19 wells will also provide site-specific geologic and geophysical data 

and samples of the Culebra dolomite for laboratory analysis. At H-19, one borehole, H-19b1, 

will be cored from about 40 ft below land surface (bottom of surface casing) to total depth and 

the other boreholes will be cored only through the Culebra. Compressed-air-rotary and/or water- 

rotary drilling methods will be used on all boreholes. The Culebra will be cored using 

com~pressed air as the circulation medium unless prevented by technical difficulties. This FOP 

describes the drilling methods, coring requirements, and preliminary hydraulic and tracer tests to 

be conducted during drilling, including equipment configurations, testing procedures, data- 

acquisition system (DAS), and testing requirements of the program. Detailed hydraulic and tracer 

testing to be performed after construction of all H-19 wells is completed will be described in Test 

Plans prepared for those activities. 

1.2 Objectives of the Field Operations 

The primary objective of the drilling program described in this field operations plan is to 

provide a hydropad at which to conduct field activities relevant to the Culebra Transport Program. 

Individual objectives to be accomplished are: 
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to drill and core, from land surface to the unnamed lower member of the Rustler 

Formation, a primary borehole at the H-19 hydropad for tracer testing of the 

Culebra; 

to drill and complete six tracer-injection boreholes from land surface to the 

unnamed lower member of the Rustler Formation at the H-19 hydropad, including 

coring of the full thickness of the Culebra; 

to obtain geophysical logs, including video logs, of each of the boreholes drilled 

at the H-19 hydropad; 

a to collect core from the Culebra, and other stratigraphic units as appropriate, for 

laboratory analysis of the samples' hydraulic properties; and 

to conduct hydraulic tests of selected stratigraphic horizons. 



2. DRILLING OPERATIONS, PROCEDURES, AND MATERIALS 

The central well on the H-19 hydropad will be called the primary borehole and will be 

named H-19bl. This well will be located near the center of the hydropad. Six tracer-injection 

wells will be drilled arranged around H-19bl as indicated on Figure 2-1. The overall sequences 

of activities to be conducted are summarized below. 

2.1 Primary Borehole (H-19bl) 

1. Construct a 450 by 450-ft caliche pad and improve the access road to the H-19 location 

as appropriate and dig lined pit for the drilling rig's portable mud tanks. 

2. Move in auger rig and drill a 24-inch-diameter borehole from ground surface to a depth 

of 40 ft at a location approximately 40 ft due north of the center of the pad. Set 20-inch 

outside-diameter conductor casing to 40 ft and cement annulus to ground surface. 

3. Mobilize and rig-up rotary drilling rig and associated drilling equipment. 

4. After the cement has set, use a nominal 9%-inch-diameter rock bit to drill out the cement 

plug from the bottom of the surface casing. 

5. h g  up wireline coring apparatus with appropriate coring bits, core catchers, and a 10-ft- 

long core barrel with a split inner barrel to drill and collect PQ-size (3.34-inch) core from 

all units below 40 ft to approximately 10 ft above the base of the Tamarisk Member of the 

Rustler Formation using compressed air as a circulation medium. Any drilling-fluid 

additives used to control and maintain circulation must be approved by the Sandia 

Representative (SR) and will be documented. Core will be recovered, marked, 

photographed, catalogued, and stored in core boxes (see Section 2.4). 

6 .  After coring the Magenta Dolomite Member of the Rustler Formation, drilling operations 

will be suspended in order to conduct a drillstem test (DST) of the entire Magenta (see 





Section 2.8.3). Pick up and run in single-packer DST tool, with packer set in the lower 

Forty-niner anhydrite. The testing of the Magenta will take approximately 48 to 96 hr. 

The drilling rig will be on standby status during the drillstem testing. 

7. Complete coring of the Rustler Formation to a depth of approximately 748 ft below land 

surface, into the lower Tamarisk anhydrite and about 10 ft above its base. 

8. Fill hole with brine and geophysically log the entire borehole to the lower Tamarisk 

Member using the caliper, neutron porosity, natural gamma, resistivity, formation 

microscanner, gamma-gamma density, acoustic velocity, acoustic televiewer, and/or video 

logs as appropriate. See Section 2.7 on geophysical logging. 

9. Ream entire borehole to 14%-inch diameter using brine as the circulation medium. Pick 

up, inspect for damage, and install 9.12-inch fiberglass casing to the lower part of the 

Tamarisk Member (approximately 748 ft). Install centralizers in selected positions to guide 

casing in borehole, usually 60 to 90 ft apart. See Section 2.5 regarding casing installation 

procedures. 

10. Use a 70-30 poz-mix cement slurry mixed with halite to saturation and 2% bentonite gel 

to cement casing in place. Circulate a minimum of 50% excess above volume calculated 

to fill annulus. See Section 2.5 regarding cement grouting procedures. 

11. Wait for cement to cure for 24 to 48 hours. 

12. After cement has cured, pick up a nominal 77/e-inch-diameter rock bit and drill out cement 

and float collar to a depth of approximately 748 ft below ground surface (BGS). 

13. Pick up conventional coring assembly with bits, core catcher, and 5-ft or 10-ft core barrel 

with split inner barrel to collect nominal 6-inch core from the Culebra. Completely 

remove drilling fluid used to drill through the cement plug to allow coring of the Culebra 

using compressed air as a circulation medium. Continuously core from the base of the 



cement plug at approximately 748 ft  BGS to a depth of approximately 803 fi, a point 

within the unnamed lower member and about 20 ft below the Culebra. The SR will 

continuously monitor drilling parameters, such as penetration rate and circulation pressure, 

during coring and dictate the length of each core run. After coring has been completed, 

circulate hole to remove cuttings and other debris. 

14. After native Culebra water has filled the hole up into the casing, geophysically log the 

remainder of the borehole to total depth using logs from the suite described in Section 2.7. 

Alternatively, some or all logs could be run after the completion of step 15 when the 

drilling rig has moved off the hole. 

15. Remove all equipment from H-19bl and install surface well protector and locking cap. 

Measure any casing cut off above ground surface and record measurement in daily drilling 

log. Sound well to confirm total depth and document sounded depth in daily drilling log 

(see Section 7.4.1). If cleaninglflushing of the borehole is necessary before demobilization 

of the drilling rig, only methods approved by the SR will be used. The drill rig will 

remain set up on the primary borehole until the rig is released by the SR. 

The final configuration of well H-19bl should be similar to that shown in Figure 2-2. 

2.2 Tracer-Injection Boreholes 

1. For boreholes H-19b2 through H-19b7, move in auger rig and drill an approximately 18- 

inch-diameter borehole from ground surface to approximately 40 ft. Set 14-inch outside- 

diameter conductor casing and cement annulus to ground surface. H-19b2 will be located 

due north of H-19b1, approximately 50 ft  away. H-19b3 and H-19b4 will be located the 

same distance from H-19bl as H-19b2, but along azimuths of S60°E (120") and S60°W 

(240°), respectively, as shown in Figure 2-1. The final locations of H-19b5, H-19b6, and 

H-19b7 will be determined as discussed below in Section 3.  

2. Mobilize and rig-up rotary drilling rig and associated drilling equipment. 
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3.  Rig up and run-in-hole with 9%-inch nominal rock bit. Drill out the cement plug from the 

bottom of the surface casing and continue to a depth of approximately 748 fl below land 

surface in the lower Tamarisk Member of the Rustler Formation, about 10 ft above the 

Culebra, using brine as the circulation medium. Document any drilling-fluid additives used 

to aid in cuttings removal or borehole stabilization. Circulate the hole. 

- 

4. Geophysically log borehole to the lower Tamarisk Member using the caliper, neutron 

porosity, natural gamma, resistivity, gamma-gamma density, acoustic velocity, formation 

microscanner, acoustic televiewer, and/or video logs as appropriate. Alternatively, if only 

gamma and neutron logs are desired of the portion of the borehole to be cased, they could 

be run through the casing at the same time as the logs described in step 10 are performed. 

See Section 2.7 on geophysical logging. 

5. Ream entire borehole to 10%-inch diameter. Pick up, inspect, and install 7-inch fiberglass 

casing to the lower part of the Tamarisk Member (approximately 748 ft). Install 

centralizers in optimum position to guide casing in borehole, usually 60 to 90 feet apart. 

See Section 2.5 regarding casing installation procedures. 

6. Use a 70-30 poz-mix cement slurry mixed with halite to saturation and 2% bentonite gel 

to cement casing in place. Circulate a minimum of 50% excess above volume calculated 

to fill annulus between the casing and the borehole. See Section 2.5 regarding cement 

grouting procedures. 

7. Wait for cement to cure for 24 to 48 hours. 

8. After cement has cured, pick up a nominal 6%-inch-diameter rock bit and drill out cement 

and float collar to a depth of approximately 748 ft BGS. 

9. Pick up wireline coring assembly with bits, core catcher, and 5-ft-long split-tube inner 

barrel to collect nominal 3.34-inch-diameter core from the Culebra. Completely remove 

any drilling fluid used to drill through the cement plug to allow coring of the Culebra 



using compressed air as a circulation medium. If necessary, use Culebra water pumped 

from well H-19bl as drilling fluid to core the Culebra. Continuously core from the base 

of the cement plug at approximately 748 ft BGS to a depth of approximately 803 ft, a 

point within the unnamed lower member and about 20 feet below the Culebra. The SR 

will continuously monitor drilling parameters, such as penetration rate and circulation 

pressure, during coring and dictate the length of each core run. After coring has been 

completed, circulate hole to remove cuttings and other debris. 

10. After Culebra water level has risen into casing, geophysically log the remainder of the 

borehole to total depth using logs from the suite described in Section 2.7. (If necessary 

to accommodate logging tools, ream interval below casing to 6% inches using Culebra 

water from H-19bl as the circulation medium.) Alternatively, some or all logs could be 

run after the completion of step 12 when the drilling rig has moved off the hole. 

11. Drillstem and/or slug testing of part or all of the Culebra and/or of the upper part of the 

unnamed lower member is not planned in each of the boisholes as it is drilled. However, 

if requested by the Hydraulic-Test Coordinator (HTC; the Principal Investigator (PI) or his 

designee) for a particular borehole, conduct a DST or slug test of the Culebra and/or 

unnamed lower member. Pick up and run in hydraulic-testing equipment. For a test of 

the Culebra, set packer in the lower Tamarisk anhydrite or the bottom of the casing, 

whichever appears to provide the best testing location as directed by the HTC. A double- 

packer test tool could be used if borehole conditions are appropriate. For any test of the 

unnamed lower member, a straddle-packer assembly will be used, with the upper packer 

set in the lower Tamarisk anhydrite and the lower packer set at the base of the Culebra. 

The test will be conducted in the hole below the lower packer, while monitoring for 

pressure response in the Culebra. The testing of the Culebra or unnamed lower member 

will take approximately 48 to 96 hours. The drilling rig will be on standby status during 

hydraulic-testing operations. 

12. Remove all equipment from borehole and install surface well protector and locking cap. 

Measure any casing cut off above ground surface and record measurement in daily drilling 



log. Sound well to confirm total depth and document in daily drilling log. If 

cleaninglflushing of the borehole is necessary before demobilization of the drilling rig, only 

inethods approved by the SR will be used. The drill rig will remain set up on the borehole 

until the rig is released by the SR. 

' f ie  final configurations of wells H-19b2 through H-19b7 should be similar to that shown 

in Figure 2-3. 

2.3 Equipment 

2.3.1 Drilling Fluids 

A. 'The use of any drilling fluid must be approved by the SR and consist only of water, brine, 

lor air from a source specified by the the drilling contractor and approved by the SR. 

B. No organic additives to the drilling fluid will be permitted without permission from the SR. 

Brine-based drilling fluid may be used to protect the soluble formations that may be 

encountered during the drilling operations. However, only air or Culebra water can be 

used when drilling or coring through or below the Culebra. 

C .  Contractor-recommended and SR-approved drill-pipe lubricating material may be used in 

drilling operations to the casing point. Only teflon or other-SNL-approved drilling-pipe 

lubricant may be used in coring and drilling the Culebra or the unnamed lower member. 

Other lubricating materials may be used only after approval by the SR. 

D. Casing will be installed using only teflon or other SNL-approved lubricants. 

2.3.2 Mud Tanks 

The drilling contractor will provide clean portable tanks, with certification of cleaning, for 

drilling fluids used for coring and reaming the Culebra and unnamed lower member. The SR wil! 
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inspect the tanks before use to determine that they are free of holes and cracks, and will 

document this inspection in his daily dril'ling log. All drilling-fluid waste will be contained on- 

site in portable tanks and disposed of by an SNL contractor at a licensed disposal facility (see 

Section 6.2). 

2.3.3 Well Casing 

The well casing for this program will be Centrona fiberglass/epoxy integral joint casing. 

The casing for H-19bl will have an outside diameter of 9.12 inches, an inside drift diameter of 

8.41 inches, and a weight of 8.70 Iblft. The casing for the other six wells will have an outside 

diameter of 7.00 inches, an inside drift diameter of 6.38 inches, and a weight of 5.70 lblft. 

2.4 General Procedures for Coring Operations 

Drilling and coring operations will be performed as part of the installation of seven 

borehollss at the H-19 hydropad, which is to be constructed between well DOE-1 and the H-3 

hydropa~d. Coring operations will consist of wireline coring to obtain an estimated 708 feet of 

3.34-inch-diameter (PQ) core from the Dewey Lake Red Beds through the Tamarisk Member of 

the Rustler Formation in borehole H-19b1, conventional coring to obtain approximately 55 feet 

of 6-inch-diameter core from the Culebra and the unnamed lower member of the Rustler at 

borehole H-19b1, and wireline coring to obtain approximately 330 ft (total) of 3.34-inch-diameter 

core from the lower Tamarisk, Culebra, and unnamed lower member of the Rustler at boreholes 

H-19b2 through H-19b7. Both conventional and wireline core barrels will include split inner 

barrels to enhance core recovery and minimize disturbance during core removal. Core will be 

removed from the core barrel, logged, measured, cleaned, marked, photographed, packaged, 

transpo:rted, and stored according to the following procedures. 

2.4.1 (Coring 

Both wireline and conventional coring operations will be conducted to produce 3.34-inch 

(PQ) and 6-inch-diameter core, as required. Other equipment and material such as drill collars 



and stabilizers, drilling fluid (compressed air, air-foam, or brine), and drilling techniques such as 

use of drilling weight, rotary speed, and fluid-circulation rates will be utilized so as to obtain the 

best possible core recovery according to the best judgment of the SR. The SR will be in control 

of operations at all times that coring is in progress. 

The site geologist shall maintain a field logbook (see Section 7.4.3) showing dates and 

times of all core runs, beginning and ending depths of all core runs (established as outlined in 

Section 2.9), core recovery percentage from each run, and such variations in penetration rate as 

might be observed. The field logbook shall also include a core-photography log listing all 

photographs taken and associated depths (see Section 2.4.5), as well as a summary of how the 

core is boxed. Copies of all logbooks and daily records will be kept on site throughout the 

drilling and coring operations. 

2.4.2 Removal of Core from Core Barrel 

Core should be removed from the split inner core barrel as gently as possible, under the 

supervision of the site geologist, to cause minimum disturbance to the order and condition of the 

core. As  the core is removed, it will be placed in troughs in the order that it is retrieved from 

the core barrel. Troughs will be marked with red at the top end and black at the bottom 

indicating down direction of the core. 

2.4.3 Core Logging 

The site geologist will log the core at the time of collection using SNL WIPP Form 

Number 393: General Purpose Core-Log Inventory. The core pieces shall be matched together 

as snugly as possible and a double line shall be drawn down the length of the core using indelible 

red and black markers. The markers shall be taped together to make parallel lines, with the black 

line on the right as viewed looking in the downward direction along the core. Each core piece 

should be measured and marked indicating depth at a minimum of each foot with footage 

expressed to the closest 0.1 ft. The reference datum for depth will be ground surface. All 

logging forms will indicate the distance from ground surface to the Kelly bushing on the rotary 



table of the drill rig. Pieces too small or too rough to be individually marked will be bagged and 

the bags will be marked with the appropriate depths. Any lost core should be logged at the 

bottom of each cored interval unless known to be otherwise and so explained on the core log. 

Core loss should be indicated in the core-storage boxes using a block of wood (e.g., 2x2-inch 

stock) with the estimated core-loss interval marked with visible waterproof ink. 

A detailed geologic description of the core shall be recorded on the core logging form. 

Litho'logic, sedimentologic, and mineralogic variations shall be noted, with depths referenced to 

at least the nearest 0.1 ft. The color of each interval described shall be determined using a 

Munsell color chart and noted in the log. All visible fractures shall be logged at the depth of the 

midpoint of the fracture, and the dip angle and fracture filling or staining (if any) shall be noted. 

At this time, no closed features, such as cemented fractures, shall be opened by the site geologist 

or otliler field person. Such features shall be preserved for later deliberate study of delicate 

mineral or structural features, including measurement of fracture apertures. 

2.4.4 Cleaning Core 

Core will be wiped or brushed to remove any soft mud cake and/or excess mud or cuttings 

as soon as possible following removal of the core from the core barrel. A rag dampened in 

drilling fluid or Culebra water will be used to wipe the core. If core is washed with other fluids, 

this occurrence will be noted in the field logbook, stating the type of fluid, the intervals so 

exposed, and the time of the occurrence. 

2.4.5 Photographing Core 

All core shall be photographed in color twice: once before the core is removed from the 

split inner core barrel and again after it has been transferred to troughs or boxes. The first 

photography will be performed immediately after the two halves of the split inner barrel have 

been separated, while the core rests in half of the barrel. A tape measure demarcated in tenths 

and hundredths of feet shall be laid alongside the core for the photographs, with the zero point 

on the tape measure being at the top of the core run. The field of view for each photograph 



should extend no more than three feet, with at least six inches of overlap between consecutive 

photos. Each photograph taken shall include a title block or board showing well number, date, 

core-run number, and down direction. These photographs will provide a record of the core order 

that might be used to reorder any core that becomes accidentally displaced during transfer to 

troughs or during logging. 

After the core has been logged, labeled, and cleaned, it will be carefully moved to the core 

trailer and prepared for more detailed color photography. The core may be positioned either in 

troughs or core boxes, being sure that the ends of each core interval are properly marked on 

wood spacers and all missing-interval spacers are correctly marked and included in the 

appropriate locations. The camera shall be mounted in a rack above the core to maintain a 

consistent distance from the core and a consistent field of view. The field of view for each 

photograph should extend no more than three feet, with at least six inches of overlap between 

consecutive photos. Core may be wetted with drilling fluid to enhance the quality of the 

photography. Core should be rotated by the site geologist or SR to enhance the visibility of 

pertinent features such as fractures, bedding planes, color, or any cther significant lithologic 

characteristics. Each photograph taken shall have a title block or board showing well number, 

date, core interval (accurate within overlap with other photos), core-run number(s), core-box 

number (if boxed), and down direction, as well as color and length scales. 

2.4.6 Storage and Preservation of Core 

After the core has been photographed, it will be boxed for storage in the WIPP-site core 

library. The core boxes shall be labeled in sequence with well number, date, core-run number, 

and depths of the core pieces in each box. Breaking the core to fit it into boxes should be 

minimized to the extent possible. All artificial breaks shall be noted in the core log and shall 

also be indicated on the core itself using an indelible marker. All core shall be placed in clear 

plastic sleeves with heat-sealed ends inside the core boxes. After completion of coring in each 

hole, an inventory and chain-of-custody sheet will be prepared detailing the contents of each core 

box, and the core boxes and inventory sheet will be transmitted to the WID core library, where 



the clore will be logged in by the WID core-library custodian. All core must be protected from 

freezing between the time it is collected and when it is transferred to the core library. 

2.4.7' Core Photographs (Final Prints) 

The detailed core photographs (the second set discussed in Section 2.4.5) will be 

distributed as 8% by 11-inch color prints as follows: 

4 sets: SNL Department 61 15, MS1324, ABQ, Attn. R.L. Beauheim, L.C. Meigs, P.B. 

Davies, R.M. Holt 

2 sets: SNL Department 6352, MS1330, ABQ, Attn. SWCF (with negatives) 

2 sets: WID Project Office, Carlsbad, NM 

1 set: SNL Department 9333, MS1156, ABQ, Attn. J.W. Mercer 

1 set: INTERA Inc., WIPP site, Attn. W.A. Stensrud 

1 set: INTERA Inc., ABQ, Attn. M.B. Kloska 

1 set: WIPP Core Library, WIPP site 

1 set: WTAC, Carlsbad, NM 

2.5 Casing Installation and Cement Grouting Procedures 

Fiberglass casing will be installed in each borehole and the annular space between the 

casing and the borehole will be filled with cement grout under the direction of the SR. Complete 

filling of the annular space will be demonstrated by surface return of the grout mixture from the 

annular space. The drilling contractor will allow at least 24 to 48 hours for casing cement to set 

before resuming drillinglcoring operations. 

2.5.1 Regulations 

All casing and cementing operations will observe regulations issued by the New Mexico 

State Engineer for casing wells through known aquifers. The State Engineer's office will be 

notiiFied in advance of casing and cementing operations. 



2.5.2 Preparations for Casing Installation 

Ream and/or condition the boreholes using brine as the circulation medium, if necessary 

to remove tight places. Run a caliper log, if necessary, to calculate the proper amount of cement 

and to aid with the selection of appropriate positions for centralizers (i.e., avoiding washout 

zones), typically 60 to 90 ft apart. 

The SR will inspect the body and threads of the casing for damage, discarding damaged 

sections, and document the inspection in his daily drilling log. Install combination float collar 

and guide shoe. Measure dimensions of float collar and guide shoe, photograph, and sketch 

connection to casing in daily drilling log. Number and measure (tally) all sections of casing to 

be used, recording tally in daily drilling log. 

2.5.3 Casing Installation and Cementing 

Run in the casing to the preselected casing point near the base of the Tamarisk Member, 

installing centralizers at the selected positions as the casing advances. For grout mixture, use a 

70-30 poz-mix cement slurry mixed with sodium-chloride to saturation and 2% bentonite gel. 

Install an appropriate cementing head and connect to the mixing and pumping units. Begin 

circulation with chemical wash followed by an appropriate fluid spacer, followed by an 

appropriate volume of RFC-thixotropic cement slurry, followed by 70-30 poz cement sluny to 

equal at least 150% of the calculated annulus volume between the borehole and the casing. 

Continue pumping at about 2% barrels per minute (100 gpm) until cement-slurry returns 

acceptable to the SR are observed to issue from the borehole-casing annulus at ground surface. 

Displace the top plug with water and then bump plug with about 500 psi (maximum of 1000 psi) 

over displacing pressure. Check the float collar and, if it is holding, close in the cementing head 

and wait for cemerit to cure for 24 to 48 I w m ,  as dictated by the SR. Maintain tension on the 

casing string while cement is setting. 



2.6 Surveying 

Surface locations and elevations of the wells will be surveyed by a registered professional 

land surveyor after the wells are completed. This surveying will be performed in two stages. 

The first four wells (H-19bl through H-19b4) will be surveyed after H-19b4 is completed. The 

last three wells will be surveyed after H-19b7 is completed. Deviation surveys will be performed 

by a Logging contractor during the geophysical logging discussed in Section 2.7 to determine the 

vertical alignment of casing/boreholes and the true positions of the boreholes in the Culebra 

relative to the surface locations. 

2.7 Geophysical Logging 

Borehole H-19bl will be geophysically logged by the U.S. Geological Survey and/or other 

SNL contractor before casing is set. The borehole interval below the casing will be logged after 

drilling is completed. Boreholes H-19b2 through H-19b7 will be logged after casing is set and 

the vvells are completed. (Note that logging through casing precludes the use of electric logs.) 

Logging will be completed in wells H-19bl through H-19b4 before drilling begins on H-19b5. 

Logg;ing of H-19b5, H-19b6, and H-19b7 may be performed either after each individual well is 

completed, or after all three wells have been completed. The suite of geophysical logs from 

which individual logs will be selected by the SR for each interval to be logged includes: 

Natural gamma 

Neutron porosity 

Gamma - gamma density 

Resistivity (laterolog) 

Formation microscanner 

Caliper 

Acoustic velocity 

Fluid electrical conductivity (hydrophysical) 

Acoustic televiewer (oriented) 

Video (oriented) 



Before running any logs, the SR will prepare the form "Instructions to Logging Company" 

shown in Table 2-1 for the specific logs to be run. Before logging, the SR will meet with the 

logging company's engineer. The SR will present the "Instructions to Logging Company" and 

discuss: 1) the entire logging program and special requirements; 2) hole conditions that may 

cause problems; and 3) zones of special interest. The SR will also discuss and request the 

following be done: 

The equipment will be warmed up for the amount of time recommended by the 

manufacturer and tools will be checked to see that they are calibrated as 

appropriate and functioning properly upon arrival at the location. 

R,,,, R,,,, and R,,,, will be measured on mud sample if electrical logs are to be run. 

The logging company should run the sample through a mud press. 

All sidewall and compensated neutron logs and all density porosity curves will be 

run on limestone matrix over the zones of interest, regardless of the lithology. 

Equipment will be tested while running in hole. 

Depths for all logs will be "zeroed" at a point designated by the SR as each tool 

enters the hole and checked as it comes out, as discusssed in Section 2.9. 

Before-and-after log calibrations will be shown for all curves. 

Panel calibrations will be shown for all density and neutron logs; integration 

checks will be shown for all integrated acoustic logs. 

In addition to caliper rings, the caliper calibration should show "tool full open" 

and casing readings. 

A minimum 200 ft (or interval logged) repeat must be shown for each hole. 

Overlap previous runs by at least 200 ft, if possible. 

All headings information on logs will be completely filled out. 

All open-hole logs shall be digitized and recorded on magnetic tape or disk. 

The SR will be present and observe the logging operation to the extent necessary to assure 

that the instructions have been followed. He will complete a "Log Quality Report" (shown in 

Table 2-2) following the operation. All applicable boxes on the Log Quality Report must be 

checked "yes" before the SR will accept the final logs. 
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SANDIA NATIONAL LABORATORIES 

INSTRUCTIONS TO LOGGING COMPANY 

Date! 

Prepared By 

Logging Company 

Logging Engineer 

Witnessed By 

&Headings: 

Company 

Well Number 

Field 

County State 

Location 

Section Township Range 

Permanent Datum: ground level (G.L.) - Elevations: G.L. 
drill floor (D.F.) D.F. 

Kelly bushing (K.B.) K.B. 
___..-_--__-----_--------------------------------------------------------------------------- 

Hole Status 

SIZE FROM SIZE FROM 

Casings - Borehole 

Fluid Status 

Type Fluid in Borehole Fluid Level Fluid Loss 

Den~sity PH Viscosity 

Purlpose of Logging Program, Zones of Special Interest, Critical Hole Conditions, 
Remarks, Etc. 

Nurnber of Prints: Field Final 

Send to: Sandia National Laboratories 
P.O. Box 5800, MS 1156, Attn. Jerry W. Mercer 
Albuquerque, New Mexico 871 85-1 156 

Table 2-1. Example form "Instructions to Logging Company". 



Page - of - 
Log Number* Log Type 

(a.) Vertical Depth Scales 2 inches11 00 feet and 5 inches11 00 feet 
(b.) Horizontal Logging Scales 
(c.) Logging Speed Desired 
(d.) Interval to be Logged 
(e.) Zones of Special Interest 

- - -  

(f.) Special Instructions 

Log NumbeP Log Type 
(a.) Vertical Depth Scales 2 inches11 00 feet and 5 inches11 00 feet 
(b.) Horizontal Logging Scales 
(c.) Logging Speed Desired 
(d.) Interval to be Logged 
(e.) Zones of Special lnterest 

(f.) Special lnstructions 

Log Number* Log Type 
(a.) Vertical Depth Scales 2 inches1100 feet and 5 inches1100 feet 
(b.) Horizontal Logging Scales 
(c.) Logging Speed Desired 
(d.) Interval to be Logged 
(e.) Zones of Special Interest 

(f.) Special lnstructions 

......................................................................................... 
* Logs do not need to be run in this sequence 

Table 2-1 continued. Example form "Instructions to Logging Company". 



LOG QUALITY REPORT 

Hole. Log Date Current Date 

Log . Run u Engr. 

Field P r i n t l I  Final Print 0 

CHECK A L L B O X E S -  ACCEPTABLE YESOR 
UNACCEPTABLE NO 

Sections not  appl icable to a particular service, 
Leave Blank. 

A. HEADING 

1. Correct Heading Used 

2. Heading Data Properly Completed 

3. Logging Data Section Completed 

4. Equipment Data Section Completed 

5.  Scale Changes Noted on Heading 

6 .  Are a l l  abnormal conditions explained i n  the 
remarks sect ion 

B. CALIBRATIONS AND SCALES 

1. Scoles Correct far Area 

2. Scales Label led 

3. Scale Changes Labe l led 

4. Zeroes Recorded 

5. Before Log  Colibrotions 

6. After Log  Col ibrot ions 

7. Repeat Section Recorded 

8. Repeat Section Acceptable 

C. VAL ID ITY  OF  LOG 

1. Curves Funct ioning Correctly 

2. Do Log  values f a l l  within reasonable l ~ m i t s  

3. Curves on Depth 

4. Logging Speed lndacated 

5. Logging Speed Correct 

D. APPEARANCE 

1. Pr int ing or Typ ing Neat 

2. Pr int ing or Typing Accurate 

3. Grid and Pen Traces 

4. Splices Straight and Clean 

5. F i lm  Correctly Processed 

6. General Pr int  Qual i ty 

YES NO 

Log Analyst 

REMARKS: Code Remarks with the proper Section Number. 
For  Example: Remarks concerning before log 
cal ibrat ions would be coded 8-5. 

Table 2-2. Example form "Log Quality Report" 



Fourteen final copies of the logs shall be prepared and distributed as follows: 

3 sets: SNL Department 6115, MS1324, ABQ, Attn. R.L. Beauheim, L.C. Meigs, P.B. 

Davies 

2 sets: SNL Department 63 52, MS1330, ABQ, Attn. SWCF 

2 sets: SNL Department 9333, MS1156, ABQ, Attn. J.W. Mercer 

1 set: USGS, Water Resources, ABQ, Attn. R.K. Deweiss 

2 sets: WID Project Office, Carlsbad, NM 

1 set: NM State Engineer, Roswell, NM 

1 set: INTERA Inc., WIPP site, Attn. W.A. Stensrud 

1 set: INTERA Inc., ABQ, Attn. M.B. Kloska 

1 set: WTAC, Carlsbad, NM 

The logging company shall provide two copies of magnetic tapes or disks containing the 

digitized log data, labelled as described in Quality Assurance Procedure (QAP) 17-1: WIPP 

Quality Assurance Records Source Requirements. The disks or tapes shall be submitted to the 

Sandia WIPP Central Files (SWCF) along with the other documentation required by QAP 17-1. 

2.8 Procedures for Hydraulic Testing During Drilling 

Hydraulic testing at the H-19 hydropad will be performed under the technical direction 

of the HTC. At the discretion of the SR or HTC, drilling may be halted at any time to allow 

the performance of hydraulic tests. The tests will be used to obtain estimates of the 

transmissivity and hydraulic head of selected intervals in the Dewey Lake Red Beds andlor 

Rustler Formation. The hydraulic tests could take the form of drillstem tests, slug-withdrawal 

tests, and/or pumping tests, depending on hydraulic conditions. In general, a pumping test will 

not be performed on a unit incapable of yielding at least one gallon per minute (gpm). Each test 

is anticipated to take a minimum of 12 hours and a maximum of 96 hours. The duration of each 

test will depend on the quality and amount of data required to achieve test objectives. 

Appropriate equipment calibration will be conducted before each test and recorded in the field 

logbook for hydraulic and tracer testing (see Section 7.3.4) and on appropriate forms in 

accordance with QAP 12-1: Calibration and Control of Measuring and Test Equipment. 

Complete documentation of the test equipment, procedures, installation configuration, manually 



performed measurements, and sequence of events will be kept in the field logbook for hydraulic 

and tracer testing. 

The drilling contractor or other SNL contractor will set packers, pumps, and/or other test 

equipinent provided by SNL at depths in well(s) designated by the HTC and remove the 

equipinent from the well(s) upon completion of testing. The objective of the following 

procetlures is to establish consistent hydrologic-testing methods and techniques in order to obtain 

reliable data in a uniform manner. All fluids produced during swabbing or pumping tests will 

be stored on-site in steam-cleaned tanks until it can be disposed of off-site under the requirements 

outlined in Section 6.2. 

2.8.1 Test-Interval Selection 

Information obtained from logging and coring of the wells at the H-19 hydropad will be 

used by the HTC to identify the intervals to be tested. The HTC will document his decisions, 

and the information upon which they are based, in the field logbook for hydraulic and tracer 

testing. 

2.8.2 Test-Tool Installation 

After the selected test intervals have been cored and identified, install testing equipment 

using an appropriate inflatable packer (or packers) attached to 23/a-inch tubing. The equipment 

will iinclude transmitters (and possibly thermocouples) capable of measuring the pressures (and 

temperatures) above and within the test interval. The pressure (and temperature) data will be 

monitored and recorded using a computer-controlled DAS (Figure 2-4) in accordance with WIPP 

Procedure 509: Operation of PERM DAS Program. Real-time plots and preliminary analysis of 

the data will be used by the HTC to adjust the testing schedule as necessary. 

2.8.3 Drillstem Tests 

All drillstem tests performed will be conducted in accordance with WIPP Procedure 5 15: 

Slug and Drillstem Testing, which is summarized here. Assemble the DST tool, which includes 

a packer, a downhole shut-in tool, and three pressure transmitters, and install downhole. Inflate 



Instrumentation Trailer 

Figure 2-4. Schematic illustration of the data-acquisition system (DAS). 
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the packer, close the shut-in tool, and allow the formation pressure below the packer to stabilize. 

Swab water from tubing above shut-in tool and measure the specific gravity of this water 

follov,ring WIPP Procedure 513: Measurements of Specific Gravity, Conductance, pH, and 

Temperature. Open shut-in tool for flow period. Close shut-in tool for buildup period when 

directled by the HTC. The shortest time schedule for flow and buildup periods will be determined 

by the: HTC based on the real-time evaluation of the formation's pressure response. A minimum 

of two sequences of flow and buildup periods will be required. 

2.8.4 Slug Tests 

Any slug test performed will be conducted in accordance with WIPP Procedure 5 15: Slug 

and Drillstem Testing, which is summarized here. Assemble and install the DST tool described 

in Selction 2.8.3. Inflate the packer, close the shut-in tool, and allow the formation pressure 

below the packer to stabilize. Swab water from tubing above shut-in tool and measure the 

specific gravity of this water following WIPP Procedure 5 13: Measurements of Specific Gravity, 

Conductance, pH, and Temperature. Open shut-in tool to initiate slug test. The increase in 

pressure versus time as water flows into the tubing is monitored with the downhole pressure 

transmitters and recorded by the DAS. Real-time analysis of the pressure recovery will be used 

by the HTC to establish the time when the test will be terminated or when the test interval may 

be shut-in to obtain additional data. Testing time may vary from hours to days depending on the 

formation's transmissivity. 

2.8.5 Pumping Tests 

Pumping tests of the Culebra will be performed in each of the H-19 wells, and may also 

be used to evaluate the hydraulic properties of any other unit capable of producing at least one 

gpm. All pumping tests performed will be conducted in accordance with WIPP Procedure 505: 

Pumping Tests. General procedures are outlined here. To conduct a pumping test of a confined 

water-bearing unit, a pump will be lowered into the well on either tubing or pipe to a distance 

about 10 ft above the unit. A packer may or may not be set above the pump at the discretion 

of the HTC. If a pumping test is to be performed of a unit under water-table conditions, the 

HTC will determine the location at which to set the pump. To determine the pumping rate to 

be used during the test, the pump will be operated at successively higher rates for a few hours 



and the HTC will evaluate the maximum rate that could be sustained for three days without 

dewatering the well. After allowing the water level in the well to recover and stabilize, the 

pumping test will be performed at 75 to 80% of the maximum sustainable rate. Pressure 

drawdown and recovery during the test will be monitored with downhole pressure transmitters 

and recorded by the DAS. Real-time analysis of the pressure data will be used by the HTC to 

establish the time when the pump will be turned off and the time at which recovery monitoring 

will b e  terminated. Testing time may vary from one to several days depending on the formation's 

transmissivity . 

If desired by the WID Water Quality Sampling Program (WQSP), WID will collect water 

samples for laboratory analysis before pumping is terminated. Before terminating pumping at 

H-19b2, H-19b3, and H-19b4, at least 200 gallons of Culebra water will be collected from each 

well in clean containers for use in the later preliminary tracer test. 

2.9 Depth Control 

Drilling, coring, casing installation, geophysical logging, and hydraulic testing all require 

accurate knowledge of depth in the borehole. For each borehole, all depths shall be referenced 

to a fixed primary datum that will not be subject to change during the different types of 

operations performed. This datum shall be a marked point on the upper rim of the surface casing 

for each borehole, unless the SR designates an alternative point. The datum shall be marked on 

the surface casing with an indelible marker, and its elevation shall be surveyed after the well is 

completed, as discussed in Section 2.6. A secondary datum, such as a fixed point on the drilling 

floor, may be used to help establish depth during specific operations. The SR (or HTC, as 

appropriate) will document the selection of this secondary datum and the methods used to 

measure its elevation with respect to the primary datum in his daily drilling log (or field 

logbook). 

Depths with respect to either the primary datum or a secondary datum will be established 

by measuring (tallying) the lengths of all sections of drill pipe, tubing, casing, and other 

equipment lowered into the hole using an engineer's tape graduated in 0.01-ft increments, and 

measuring the portion remaining above the datum (the "stickup") when the equipment is in its 

desired position. All tallies and other measurements shall be recorded in the SR's daily drilling 



log andor the site geologist's or HTC's field logbook (see Section 7.4), as appropriate. All 

measu~rements and their recording shall be checked by a second individual and both individuals 

will initial the recorded measurements in the log. Photographs shall be taken of all equipment 

(e.g., drill bits, core barrels, packers, pumps, etc.) attached to tubular goods (pipe, tubing, and 

casing;), with a scale included in each photograph. Sketches of all equipment, with dimensions 

indica.ted, shall also be included in the daily drilling log and/or field logbooks. 

For geophysical logging, the SR shall, in cooperation with the logging contractor, identify 

the sensing point on each tool and verify that the depth on the logger's depth counter is correctly 

"zerot:dW when the sensing point is at either the primary or secondary datum. The "zero" depth 

reading shall be checked by the SR when the logging tool returns to the surface. These readings 

shall be documented in the SR's daily drilling log. The SR shall also draw a sketch in his daily 

drilling log of each logging tool, indicating dimensions and the location of each sensing point. 



3. PRELIMINARY HYDRAULIC AND TRACER TESTING 

Figure 2-1 indicates the intended pattern of the locations of boreholes H-19b2 through 

H-19b7 with respect to H-19bl. However, the exact positions of H-19b5, H-19b6, and H-19b7 

will be determined after H-19b1, H-19b2, H-19b3, and H-19b4 have been completed. Drilling 

will be temporarily suspended following completion of H-19b4 so that preliminary hydraulic and 

tracer testing can be conducted in order to obtain preliminary estimates of the Culebra's hydraulic 

properties and to determine the approximate direction of the highest groundwater velocity. This 

information will be used to determine optimum locations for H-19b5, H-19b6, and H-19b7. 

The preliminary hydraulic testing will be conducted in several stages. Pressure 

transmitters/transducers (calibrated and controlled per QAP 12-1: Calibration and Control of 

Measuring and Test Equipment) will be installed in each well after it has been completed to 

monitor responses to drilling and testing in subsequent wells. A computer-controlled DAS will 

be used to monitor and record the pressure data following WIPP Procedure 509: Operation of 

PERM DAS Program. After each of the wells has been completed, a pumping exercise will be 

conducted to both develop the well and provide preliminary hydraulic data following the 

procedure discussed above in Section 2.8.5. The responses observed in the other existing H-19 

wells will be used in preliminary determination of the hydraulic properties and anisotropy of the 

Culebra at the hydropad. 

The preliminary tracer testing program will commence after H-19b4 has been completed, 

and will involve pumping H-19bl to establish a convergent flow field and then injecting tracers 

into H-19b2, H-19b3, and H-19b4. After tracer injection, H-19bl will continue to be pumped 

and the pumped fluid will be sampled and analyzed on-site to determine the times of tracer 

arrival and tracer concentrations. The pumping of H-19bl will be performed in accordance with 

WIPP Procedure 505: Pumping Tests. Inasmuch as a convergent-flow tracer test is also a 

pumping test, the downhole pressures in H-19bl through H-19b4 will be monitored using 

pressure transmitters/transducers as discussed above. The pressure responses to the pumping 

period (and subsequent recovery period if feasible) will be analyzed to provide additional 

preliminary estimates of the Culebra's transmissivity and storativity, as well as to verify the 

anisotropy interpreted from the earlier pumping tests in the first four wells. More detailed and 



definitive hydraulic and tracer testing will be performed after the completion of the drilling 

program. Formal Test Plans will be prepared for each of these activities. 

The objective of the preliminary tracer testing will be to determine which of the three 

tested1 flowpaths provides the fastest tracer transport. The current design calls for borehole 

H-19b7 to be located on the diametrically opposing side of H-19bl from the borehole in which 

the fastest arriving tracer was injected, at the greatest distance feasible for later tracer testing. 

This distance will be determined from scoping simulations that will take into account the 

transrnissivity and anisotropy of the Culebra at H-19, tracer solubilities, tracer detection limits, 

and expected tracer dilution during later tests. H-19b5 is planned to be drilled 100 ft from 

H-191b1, diametrically opposed to whichever borehole has an orientation with respect to H-19bl 

that i.s most closely aligned with the minor axis of the permeability tensor defined by the 

aniso.tropy analysis. H-19b6 is planned to be drilled opposite the last of the H-19b2, 3,  or 4 

boreh~oles, at a distance from H-19bl intermediate between that of H-19b5 and H-19b7. These 

wells locations are subject to modification depending on the interpretation of the preliminary 

hydraulic and tracer tests. 

Tracer concentrations will be analyzed on site using suitable, approved instruments and 

proce:dures. The instruments and procedures will be documented in the field notebook for the 

testing. The primary objective of the analyses will be to establish the fastest groundwater 

flowpath. Detailed analyses of breakthrough data for colorimetric tracers will not be performed 

because those tracers are not completely conservative in clay-bearing formations. 

The procedures to be used for the preliminary tracer testing are as follows: 

1. Install a 4-inch electric submersible pump below an inflatable packer on 2%-inch tubing 

in H-19bl. The packer will be set in the lower Tamarisk anhydrite below the well casing, 

and will include feedthroughs for downhole pressure transmitters/transducers. A surface 

flow-control system equipped with totalizing flow meter and gate and control valves as 

shown on Figure 3-1 will be used to regulate flow. 

2. Install packers and tracer-injection assemblies used for the H-11 convergent-flow tracer 

test, with downhole pressure transmitters, in H-19b2, H-19b3, and H-19b4. Packers will 



Figure 3-1. Schematic illustration of  the discharge-measurement system 



be set below the well casing in the lower Tamarisk anhydrite and the tracer-injection 

assemblies will span the entire Culebra intervals in the wells. 

Configure DAS to monitor data from all four wells and begin recording operations. 

Begin pumping H-19bl to establish convergent-flow field. 

Mix three tracers in three -50-gal containers of formation fluid collected during earlier 

pumping exercises in the H-19 wells. Use benzoic-acid derivatives andlor colorimetric 

tracers such as uranine, lissamine, andlor an optical brightener as tracers. 

After convergent-flow field is established, inject tracers in H-19b2, H-19b3, and H-19b4, 

preferably but not necessarily simultaneously, noting the individual tracers injected in 

each borehole. Chase each tracer with a volume of untraced formation fluid sufficient to 

displace all tracer from the wellbore into the formation. 

Begin sampling and field tracer analysis of flow from H-19bl every 15 minutes until first 

tracer arrival is detected. If possible, attempt to anticipate first tracer arrival by utilizing 

pressure responses noted in H- 19b 1 during developmental pumping in H-19b2, H- 19b3, 

and H-19b4. 

Continue pumping and tracer analysis until tracer arrival from all three injection wells has 

been confirmed. 

After confirmation of the fast flow path, remove tracer-injection assembly from fast-path 

well and replace with passive-tracer-injection assembly. Release tracer(s) from downhole 

vessel and test downhole mixing and detection systems. 

After peak concentration of passively injected tracer has been detected at pumping well, 

resume drilling operations at newly established location of H-19b5. 

Terminate pumping and data collection for tracer test at the discretion of the PI, but 

continue monitoring pressures in all wells to document responses to drilling. 



4. DATA ACQUISITION 

Both manually and electronically collected data will be acquired during the drilling and 

preliminary testing of the boreholes at H-19. The following types of data will be recorded: 

electronically collected downhole pressure data from isolated andlor tested 

intervals; 

electronically collected downhole tracer-concentration data; 

electronically andlor manually collected pumping rate and volume data from wells 

)being pumped; 

electronically collected barometric-pressure-versus-time data; 

manually collected data on core recovery; 

manually collected water-level data; 

manually collected water-quality data concerning the temperature, pH, specific 

gravity, and electrolytic conductivity of fluid produced during pumping; 

manually collected data on tracer concentrations in fluid produced during 

pumping; 

manually collected data on tracer masses, mixing fluid volumes, and injection 

volumes; and 

manually collected data on equipment and instrument configurations in the wells 

and at the surface. 

The electronic data acquisition will be performed using a DAS similar to the one used for 

the H-11 convergent-flow tracer test (Stensrud et al., 1990) shown schematically in Figure 3-2. 

Manual data collection will be carried out either using forms designed specifically for each 

activity or data type or by recording relevant information in the SR's daily drilling log andlor 

field logbooks, as appropriate (see Section 7.4). The forms to be used are contained in WIPP 

procedures that have been prepared for different data-collection activities, including: 

WIPP Procedure 505: Pumping Tests 

WIPP Procedure 507: Instrumentation System Verification During Gage 

Connection to HP-3497A Stand-Alone Data-Acquisition 

Systems 



WIPP Procedure 508: Installation of Pressure, Flow Meters, and Thermocouples 

Gauge Checkout 

WIPP Procedure 509: Operation of PERM DAS Program 

WIPP Procedure 510: Manual Start of Remote Diesel Generators 

WIPP Procedure 5 12: Depth-to-Water Measurement Using Solinst Brand Electric 

Sounder 

WIPP Procedure 5 13 : Water-Quality Data: Measurements of Specific Gravity, 

Conductance, pH, and Temperature 

WIPP Procedure 5 15: Slug and Drillstem Testing 

Copies of all relevant procedures will be kept on file in the field trailer 



5. DATA-QUALITY OBJECTIVES 

Table 5-1 lists the data-quality objectives for the instrumentation which may be used in 

the hydraulic testing and tracer testing described in this FOP. The quality of each data set will 

also be represented, where appropriate, in terms of precision, accuracy, representativeness, 

completeness, and comparability. 
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6. REGULATORY REQUIREMENTS 

Westinghouse WID is responsible for ensuring that WIPP-site activities are conducted in 

accordance with applicable federal, state, and local regulatory requirements. The WID is 

responsible for assessing regulatory impact and compliance and obtaining necessary permits. 

Appropriate NEPA checklists governing the proposed drilling and preliminary testing have been 

generated and approved. SNL is responsible for ensuring that all contracted experimental work 

performed by SNL contractors at the WIPP site meets all applicable federal, state, and local 

regulatory requirements. All work performed for this FOP will be in compliance with all SNL 

ES&H policies and guidelines. 

6.1 Tracer Qualification 

The preliminary tracer testing performed as part of this FOP will involve the use of 

colorimetric and/or benzoic-acid tracers. These or similar substances have been used previously 

for WIPP-site tracer testing. Individual colorimetric tracers that might be used for the testing 

include uranine, lissamine, and/or optical brighteners. Each compound used as a tracer will have 

appropriate MSDS information available on site during the conduct of the testing. No tracers will 

be used that have not been approved for safe use and disposal by the U.S. EPA and/or the State 

of New Mexico. 

6.2 Waste-Water Disposal 

All water used in drilling and formation water produced during testing will be stored on 

site in steam-cleaned containers before being transported to a licensed disposal facility. Three 

samples of the water in each container will be collected and analyzed by WID and the suitability 

of the disposal facility to receive those waters will be verified by WID Environmental 

Compliance and Support before any waste water is transported off the WIPP site. All off-site 

disposal will be accomplished by contracting licensed hauling services. Manifests documenting 

the disposal of all waste water at the licensed facility will be provided by the hauler to the SNL 

ES&H representative, who will transmit them to WID Environmental Compliance and Support. 



7. QUALITY ASSURANCE 

7.1 Quality Assurance Program Description 

The activities described in this FOP will be conducted in accordance with all appropriate 

SNL QAIQC requirements as specified in the WIPP QAPD (SNL, most recent version). The 

WIPlP QAPD meets the requirements of NQA-1-1989 (ASME, 1989), DOE 5700.6c, and Chapter 

11 of the Final Safety Analysis Report (WP 02-9). The WIPP QAPD has been approved by the 

DOE Carlsbad Area Office (CAO) for all WIPP activities assigned to SNL and is specific to the 

WIPP project. Contractor personnel working with SNL personnel at the WIPP site are also 

subje:ct to the WIPP QAPD. 

Specific items that are subject to the WIPP QAPD and procedures are: 

scoping calculations and associated software development; 

engineering drawings showing test equipment and interconnection of different 

testing apparatus; 

test analyses and interpretation; 

instrument calibration data; and 

all testing documentation including photographs, field notebooks, written 

procedures, data or calculation worksheets, installation diagrams, and installation 

or test-operation forms. 

The SNL PI, SNL contractors, or other personnel designated by the SNL PI to participate 

in the operations described in this FOP will be responsible for data acquisition, storage, and 

safety and for ensuring that all appropriate documentation is completed in accordance with the 

WIP'P QAPD. All field changes, deviations, and other nonconformances with the approved FOP 

will be documented in accordance with the WIPP QAPD. 



7.2 Data Integrity 

Care will be taken throughout the performance of the operations for this FOP to ensure 

the integrity of all data collected including paper documentation and data collected on magnetic 

media. Duplicate copies of all data will be produced no less frequently than weekly and 

duplicate copies will be maintained in separate facilities to ensure that data are not lost. Data 

transfer will be performed using procedures described in the WIPP QAPD to ensure the 

traceability of all transferred data. 

7.3 Instrument Calibration 

All work performed by or for SNL as part of this FOP will be performed with calibrated 

instruments and equipment in accordance with the WIPP QAPD. Calibration data will be 

maintained on site throughout the conduct of the drilling program and duplicate copies will be 

maintained in a separate location. Instruments requiring periodic calibration will be removed 

from service according to QA maintenance schedules and calibrated before being returned to 

service. All equipment calibrated by the manufacturer will not be allowed to be utilized in the 

drilling and testing under this FOP until current calibration data are supplied for the equipment. 

Manufacturer's calibration data will become part of the permanent testing documentation. 

7.4 Required Reports 

The following reports will be required to ensure proper documentation of activities under 

the WIPP QAPD. 

7.4.1 Daily Drilling Log and Borehole History 

The SR shall maintain a daily drilling log that shows dates and time of operations, site 

personnel including rig crews, drilled and cored intervals, drilling time of cored intervals, drilling 

weight, rotary speed and circulation rate, type of circulating fluid, tested intervals, and any other 

information germane to the field operations. The SR shall also document all inspections, 



decisions, and changes in plans in this daily drilling log. Following completion of field activities 

associiated with the drilling and coring operations, a borehole history of the drilling activities will 

be prepared by the SR from these and other pertinent records. A reproducible copy of this 

borehole history will be forwarded to Manager, SNL WIPP Site Operations Department 6743, 

and to the SNL PI, Geohydrology Department 6115. 

7.4.2 Daily Report 

The SR will prepare a daily report of activities, summarized from the daily drilling log, 

for the Manager, SNL WIPP Site Operations Department 6743. Daily reports will also be 

telefaxed to the SNL PI, Geohydrology Department 61 15. Copies of the daily reports will be 

kept on file in the SNL field trailer at the H-19 hydropad. 

7.4.3 Field Logbooks 

Separate field logbooks shall be kept for (1) core logging and (2) hydraulic and tracer 

testing activities. These shall be bound logbooks with sequentially numbered duplicate pages for 

carbon copies. The field logbook for core logging is the responsibility of the site geologist and 

shall contain, at a minimum: 

times, dates, and intervals of all core runs; 

core recoveries (percentage) from each core run, explaining probable location(s) 

of core loss; 

pipe tallies and other information used to establish core depth; 

an inventory of core boxes, listing core run(s) and intervals in each box; 

a log of all core photographs taken; 

information on cleaning, wetting, and breaking of core; and 

any other information pertinent to the condition of the core. 

The field logbook for hydraulic and tracer testing is the responsibility of the HTC and 

shall contain, at a minimum: 



times, dates, and intervals of all hydraulic and tracer tests; 

lists of all WIPP procedures used for each test; 

lists, including model and serial numbers, of all equipment used in the tests; 

tubing tallies and other information used to establish test depths; 

sketches of all equipment configurations, showing measured dimensions; 

a log of all photographs taken of the equipment and activities; 

step-by-step descriptions of all activities performed; 

rationale for, and documentation of, all decisions concerning test intervals, 

durations, deviations from procedures, or other factors; 

a record of all manually performed measurements; 

a log of all samples collected; 

a log of data files collected by the DAS; and 

any other information pertinent to the testing. 

The field logbooks can be supplemented by data contained on forms, but each individual 

form and its contents must be noted in the appropriate field logbook. 

7.4.4 Miscellaneous Records 

Several types of records will be kept on site during the conduct of field operations. 

Copies of these records will be kept at the office of the Manager, SNL WIPP Site Operations 

Department 6743, and other copies will be forwarded to Geohydrology Department 61 15 and the 

SWCF. These records will be useful in documenting the history of the field operations and 

include: 

driller's daily summary sheets, drilling-bit inventories, and drilling-fluid history; 

drilling-rig and other equipment certifications; 

drilling-history charts; 

waste-water disposal manifests; 

equipment manifests; and 

cost and billing information regarding contracted services. 



8. SAFETY 

SNL field operations will be conducted on land controlled by the WID and the field 

operiltions team assembled for this FOP will follow all WID safety practices and policies. Two 

SNL SOPs and hazard analyses instituted for geotechnical fieldwork have been submitted for 

WID approval: 

ES&H SOP, SP472433, Geotechnical Field Operations for Department 61 11 

(Department 61 1 1 9/92); and 

ES&H SOP, SP471049, Use of (Logging and Support) Vehicles at Field Sites 

(Department 61 1 1 619 1). 

Operational safety for individual field operations will be addressed through the SNL 

ES&H SOPs developed by SNL. Project-specific WIPP-site safety procedures will be approved 

through the SNL PI, WIPP-site WID safety personnel, and the SNL WIPP-site Safety Advisor. 

ES&H SOPs applicable to the drilling program include those relating to identification of potential 

hazards; emergency-shutdown procedures; and personnel to be contacted in case of emergencies. 

8.1 Safety Requirements 

The equipment required for this FOP will include commercially available or SNL- 

fabricated equipment that will be tested and approved for use. All equipment will be operated 

in ac:cordance with the appropriate allowable operating pressures and in accordance with the SNL 

ES&:H pressure-safety manual. Pressure ratings for individual parts such as valves and pressure 

tubing will be either marked by the manufacturer with the maximum allowable operating pressure 

or such information will be made available in written documentation according to guidelines of 

the SNL Center 6700 Safety Representative for WIPP-Site Operations, or the SNL Center 6100 

or 6300 Pressure Safety Advisor for WIPP-site test operations. 

Additional safety requirements to be observed by field personnel are: 



appropriate use of safety shoes, safety glasses, hard hats, and protective gloves; 

ensuring adequate fuel is available for all field vehicles, especially those traveling 

to remote locations; 

proper installation and safety procedures when handling electrical submersible 

pumps and other electrical equipment; 

proper procedures for operation of diesel-powered generators for on-site electric 

power; 

observation of scheduled working hours and driving time; 

familiarity with on- and off-site road conditions and driving regulations; 

familiarity with the locations of First Aid supplies, medical support facilities, and 

fire extinguishers and other safety equipment; 

familiarity with the location of lists of emergency telephone numbers and persons 

and offices to notify in the event of emergencies; 

familiarity with the location of posted crew schedules; and 

familiarity with the location of all MSDS information. 

All field personnel assigned to the field operations described in this FOP will receive a 

safety briefing before the beginning of field operations. In addition, the field-site or shift 

supervisor will conduct daily safety meetings at the beginning of daily operations or at the 

beginning of each shift. All personnel receiving safety briefings are required to sign and date 

the safety-briefing form as part of safety-documentation procedures. 

The use of colorimetric tracers does not require additional safety considerations. The 

compounds to be used as tracers are considered to be generally safe and nontoxic. 

8.2 Special Training 

All SNL and WIPP-site contractor personnel must receive WIPP-site General Employee 

Training (GET) followed by annual refreshers as part of employment requirements at WIPP. No 

other special training requirements are anticipated in addition to the GET and the safety briefings 

described in Section 8.1. 
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Sandia National Laboratories 
Albuquerque, New Mexico 871 85-1 324 

date!: March 24, 1995 

to: Jerry Mercer, 9333, MS1156 

frorn~: Rick Beauheim, 61 15, MS1324 

subject: Deviation from Field Operations Plan: Well Construction and Preliminary Testing 
on the H-19 Hydropad at the WlPP Site 

Due to the drilling tools lost in well H-19b1, that well location will be abandoned. To 
preserve the desired well symmetry on the hydropad, a new location for the central well will 
be established. The location for the new well, to be designated H-19b0, is to be 50 ft due 
south of the H-19bl location. With reference to Figure 2-1 in the Field Operations Plan 
(FOP), we will preserve the old locations established for wells H-19b3 and H-19b4, and 
relocate H-19b2 50 ft due south of H-19b0. The orientations of wells H-19b5, H-19b6, and 
H-19b7 will also be shifted from those shown on Figure 2-1. A figure showing the revised 
well layout is attached. As before, the exact locations of H-19b5, H-19b6, and H-19b7 are 
tentative - final positions will be determined following the preliminary tracer test. 

With regard to H-19b0, no coring will be performed above the casing point as the required 
core has already been obtained from H-19bl. The hole should be rotary drilled to the 
casing point in the lower Tamarisk as.quickly as possible. At that point, we will resume 
operations at step 9 outlined for the primary borehole in the FOP, Section 2.1, p. 8. 

Please contact me if you have any questions about this deviation from the FOP. 

cc: P.B. Davies, 6115 
A.R. Lappin, 61 15 
L.C. Meigs, 61 15 
C.S. Chocas, 61 15 
A.R. Sattler, 61 11, MS1033 
J.R. Trone, 6700, MS1395 
D.L. Cole, 6743, MS1395 
SWCF-A, MS 1330: 1.1.5.3.4; Field Studies, Test Plans 
M.B. Kloska, INTERA 
W.A. Stensrud, INTERANVIPP 
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Sandia National Laboratories 

Albuquerque, New Mexico 871 85-1 324 

date: July 19, 1995 

to: Distribution 

from: Rick Beauheim, 61 15, MS 1324 

subject: Memorandum of Record documenting modifications to Field Operations Plan: Well 
Construction and Preliminary Testing on the H-19 Hydropad at the WIPP Site 

The purpose of this memorandum is to document modifications made to the referenced 
Field Operations Plan (FOP). These modifications are not significant changes that alter the 
objectives of the FOP, but refinements that: 1) clarify coring procedures; 2) permit the use of the 
ElASys data-acquisition system; 3) clarify the requirements for manual data acquisition; 
4) change the data-quality objectives to reflect test requirements and not instrument 
specifications; 5) clarifj. the quality assurance requirements; 6) allow changes to procedures 
during field operations; 7) clarify instrument calibration requirements; and 8) clarify records 
nquirements and allow more flexibility in documenting the work. 

1. Change the second paragraph of Section 2.4.1 as follows: 

The site geologist shall ensure QA records (see section 7.4.3) are kept showing dates and 
t h e s  of all core runs, beginning and ending depths of all core runs (established as outlined in 
Slection 2.9), core recovery percentage from each run, and such variations in penetration rate as 
might be observed. The QA records shall also include a core-photography log listing all 
photographs taken and associated depths (see Section 2.4.5) as well as a summary of how the 
core is boxed. Copies of all QA records will be kept on site throughout the drilling and coring 
alperation. 

2:. Change the last sentence in Section 2.4.2. as follows: 

Troughs will be marked with different distinct colors at each end, preferably red at the 
top end and black at the bottom indicating down direction of the core. 

3;. Change Section 2.4.3 as follows: 

The site geologist will log the core at the time of collection using SNL WIPP Form 
Number 393: General Purpose Core-Log Inventory. The core pieces shall be matched together 
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as snugly as possible and two parallel lines shall be drawn down the length of the core using 
indelible markers. The downward direction of the core shall be clearly indicated. Each complete 
core run will be marked in feet and tenths of feet. The reference datum for depth will be the 
primary datum established by the SR. Any lost core will be logged at the bottom of each interval 
unless known to be otherwise and so explained on the core log. Core loss should be indicated in 
the core-storage boxes using a block of wood with the estimated core-loss interval marked with 
visible waterproof ink. 

A detailed geologic description of the core shall be recorded on the core logging form. 
Lithologic, sedimentologic, and mineralogic variations shall be noted, with depths referenced to 
at least the nearest 0.1 ft. All visible fractures shall be logged at the depth of the midpoint of the 
fracture, and the dip angle and fracture filling or staining (if any) shall be noted. At this time, no 
closed features, such as cemented fractures, shall be opened by the site geologist or other field 
person. Such features shall be preserved for later deliberate study of delicate mineral or 
structural features, including measurement of hcture apertures. 

4. Change the last sentence in Section 2.4.4. as follows: 

If core is washed with other fluids, this occurrence will be documented, stating the type 
of fluid, the intervals so exposed, and the date and time of the occurrence. 

5.  Change Section 2.4.6 as follows: 

After the core has been photographed, it will be boxed for storage in the WIPP-site core 
library. The following core will be sleeved prior to being placed in core boxes: a) claystone and 
mudstone from the Rustler Formation interbeds, b) all core from the Magenta Dolomite Member, 
and c) all core from the Culebra Dolomite Member. It is permissible, but not required, to sleeve 
other core. All core boxes shall be labeled sequentially with well number, date, core run number, 
and depths of the core pieces in each box. Breaking the core to fit the boxes should be 
minimized as much as possible. All artificial breaks shall be documented and shall also be 
indicated on the core itself using an indelible marker. After completion of coring in each hole, a 
Sample Chain of Custody (Form 126) will be prepared in accordance with W P  Procedure 263: 
Sample Tracking System. The core boxes and chain of custody will be transmitted to the WID 
core library, where the core will be logged in by the WID core-library custodian. All core must 
be protected from freezing between the time it is collected and when it is transferred to the core 
library. 

6. Change the last sentence in Section 2.8.1 as follows: 

The HTC will document the test intervals selected for all hydraulic and tracer tests. 

7. Change the third sentence in section 2.8.2 as follows: 

The pressure (and temperature) data will be monitored and recorded using a computer- 
controlled DAS (see Section 4). 



El. Change the second paragraph, third sentence in Section 3 as follows: 

A computer-controlled DAS will be used to monitor and record the pressure data. 

9. Change the second paragraph of Section 4. to: 

The electronic data acquisition will be performed using computer-controlled DASs. 
Data will be acquired using either the SNL PERM DAS similar to the one used for the H-1 1 
convergent-flow tracer test (Stensrud et al., 1990) shown schematically in Figure 2-4 or the 
Baker Oil Tools BASys system. The DASs will send and receive signals tolfrom the pressure- 
atnd temperature-measurement devices and record their responses on the computer's hard disk 
and floppy diskettes. Data acquired from the flow-control system and downhole pressure sensors 
will be operationally verified using WIPP Procedure 507: Installation System Verification 
During Gage Connection to HP-3497A Stand-Alone Data-Acquisition Systems. The SNL 
I'ERhl DAS code is being qualified in accordance with SNL WIPP QAP 19-1, Rev. F, for Grade 
f4 codes and as specified in WIPP Procedure 509: Operation of the PERM DAS Program. The 
I3ASys DAS is leased from the supplier and is controlled by proprietary software. This system 
will undergo verification testing prior to use and will be operated as specified by the user's 
rnanual provided by the supplier. 

1.0. Delete the list of WIPP Procedures from Section 4 and add the following text: 

Manual data collection will be carried out either using forms designed specifically for 
each activity or data type or by other appropriate means. To minimize transcription errors and 
multiple recordings of the same information, the use of forms specified in the WIPP procedures 
is not mandatory. The HTC will ensure that all quality-affecting information is documented as 
part of the QA records. 

li 1. Change the following data-quality objectives in Table 5- 1 as indicated below: 

Barometer: Resolution: 5 mb Accuracy: * 1 Omb 
Pressure Transmitter: Temperature Range: O0 - 40°C 
Hydrometer: Resolution: 0.00 1 g/mL Accuracy: M.002 g/mL 



12. Replace Section 7.0 with the following text: 

7. QUALITY ASSURANCE 

7.1 Quality Assurance Requirements 

7.1.1 EIierarchy of Documents 

Several types of documents are used to control work performed under this FOP. If 
inconsistencies or conflicts exist among the requirements specified in these documents, the 
following hierarchy shall apply: 

Memorandum or other written instruction modifying the FOP (most recent 
instructions having precedence over previous instructions) 
Field Operations Plan: Well Construction and Preliminary Testing on the H-19 
Hydropad at the W P P  Site 
SNL WIPP QAPD, Rev. P (see Section 7.1.3) 
SNL W P P  Quality Assurance Procedures (see Section 7.1.4 ) 
SNL WIPP Procedures (see Section 7.1.5) 

7.13 Quality-Affecting Activities 

The majority of activities performed under this FOP, including drilling and we11 
development, diesel generator operation, water-quality data, and preliminary testing activities, 
are not quality affecting as they do not provide information which supports Performance 
Assessment or regulatory compliance. These activities are not subject to the requirements of the 
SNL Quality Assurance Program Description or Quality Assurance Procedures, but will be 
conducted according to industry standards and as described in this FOP. 

Information that is quality affecting includes: 

borehole and core depths 
geophysical logs 
core logs 

- borehole-deviation surveys 
cdiper logs 
fracture location and orientation information 
the single-well tracer test (see letter from L. Shepherd to D. Lark date June 7, 1995) 

7.13 Quality Assurance Program Description 

Quality-affecting activities conducted under this FOP are subject to the following quality 
assurance requirements as specified in the SNL WPP Quality Assurance Program Description 
(QAPD), Rev. P: 

Section 2, Quality Assurance Program (Sections 2.3,2.5,2.6, and 2.7); 



Section 4, Procurement Document Control; 
Section 6, Document Control; 
Section 7, Control of Purchased Items and Services; 
Section 8, Identification and Control of Items; 
Section 1 1, Test Control (Sections 1 1.1 and 1 1.2 only) 
Section 12, Control of Measuring and Test Equipment; 
Section 13, Handling, Storage, and Shipping; 
Section 15, Control of Nonconformances; 
Section 16, Corrective Action; 
Section 17, Quality Assurance Records; and 
Section 19, Computer Software 

The SNL WTPP QAPD meets the requirements of NQA- 1 - 1989 (ASME, 1989), DOE 
5700.6c, and Chapter 11 of the Final Safery Analysis Report (WP 02-9). The WIPP QAPD has 
been approved by the DOE Carlsbad Area Office (CAO) for all WIPP activities assigned to SNL. 

Due to schedule and budget constraints, revisions to the SNL QAPD effective after 
.approval of this FOP will not apply unless directed by the SNL PI or HTC. 

7.1.4 Quality Assurance Procedures 

Various aspects of the quality affecting-work described in this FOP are controlled by one 
or more SNL WIPP Quality Assurance Procedures (QAPs). The QAPs relevant to operations 
conducted under this FOP include: 

QAP 2-2, Rev D, Qualification & Training Program 
QAP 4- 1, Rev A, WIPP Contractor Quality Assurance Requirements 
QAP 6- 1, Rev. D, Document Control Procedure 
QAP 12-1, Rev. A, Calibration Program 
QAP 1 7- 1, Rev. K, QA Records Requirements 
QAP 19-1, Rev. F, WIPP Computer Software Requirements 

Due to schedule and budget constraints, revisions to the SNL QAPs effective after 
approval of this FOP will not apply unless directed by the SNL PI or HTC. 

7.15 WIPP Procedures 

The WIPP Procedures which may apply to work performed under this FOP inciude: 

W P  Procedure 263: Sample Tracking System 
W P  Procedure 472: Intensifier Pump: Operation and Use 
WIPP Procedure 505: Pumping Tests 
W P  Procedure 507: Installation System Verification During Gage Connection to HP- 

3497A Stand-Alone Data-Acquisition Systems 
WIPP Procedure 509: Operation of PERM DAS Program 
WIPP Procedure 5 10: Manual Start of Remote Diesel Generators 



WIPP Procedure 5 12: Depth-to-Water Measurement Using Solinst Brand Electric 
Sounder 

WIPP Procedure 5 13: Water Quality Data: Measurements of Specific Gravity, 
Conductance, pH, and Temperature 

WIPP Procedure 5 14: Verification of Totalizing Flow Meter Measurements Using a 
Verified Standpipe 

WIPP Procedure 5 15: Slug and Drillstem Testing 

Operation of diesel generators as described in WIPP Procedure 5 13 is not a quality- 
affecting activity and, therefore, the maintenance of records (e.g., Form 146) is not mandatory 
and will be done at the discretion of the HTC. 

Modifications to these procedures may be required during the field operations. Such 
modifications are not deviations and will not be reported as nonconformances that require 
corrective action. However, modifications will be documented as part of the QA records. 

73 Data Integrity 

Care will be taken throughout the performance of the operations for this FOP to ensure 
the integrity of all data collected including documentation on hard copy and data collected on 
magnetic media. Duplicate copies of all data will be produced no less frequently than monthly 
and the duplicate copies will be maintained at a location separate fiom the H-19 hydropad to 
ensure that data are not lost. Data collected during testing activities shall not be released unless 
and until the data are reviewed and approved by the SNL PI. 

73 Instrument Calibration 

All quaiity-affecting work performed by or for SNL as part of this FOP will be done 
with calibrated instruments and equipment in accordance with the WIPP QAPD and QAP 12-1. 

Measurements of specific gravity, conductance, pH, and temperature as specified in 
WIPP Procedure 5 13 are qualitative in nature and are used only to indicate relative changes in 
the quality of the fluid produced fiom the H-19 wells. Instruments used for these measurements 
should meet the data-quality objectives (see Table 5-I), as determined by the manufacturers' 
specifications, but will not require calibrations traceable to NIST or other nationally recognized 
standards. 

Hydrometers and thermometers used to perform specific gravity measurements as part of 
drillstem and slug tests must be certified by the manufacturer to meet the data-quality objectives 
specified in Table 5- 1. 

NIST or other nationally recognized standard are not available for geophysical logging. 
Calibration of geophysical logging instruments shall be conducted according to the contractor's 
procedures. 



7.4 Required Records 

Records shall be maintained as described in this FOP and referenced QA implementing 
procedures. These records may consist of bound notebooks, loose-leaf pages, forms, printouts, 
or information stored on electronic media. The minimum requirements for records are discussed 
below. 

7.4.1 Daily Drilling Log and Borehoie Ristory 

The SR shall maintain a daily drilling log that shows dates and time of operations, site 
personnel including rig crews, tallies and measurements used to establish borehole depths, 
drilled and cored intervals, drilling time of cored intervals, type of circulating fluid, tested 
intervals, and any other information germane to the field operations. 

7.4.2 Daily Report 

The SR will prepare a daily report of activities, summarized from the daily drilling log, 
for the Manager, SNL WIPP Site Operations Department 6743. Daily reports will also be 
telefaxed to the SNL PI , Geohydrology Department 61 15. Copies of the daily report will be 
kept on file in the SNL field trailer at the H-19 hydropad. 

7.43 Core Logging 

Unless otherwise directed by the SNL PI, the site geologist shall be responsible for 
maintaining records of core logging activities, including: 

times, dates, and intervals of all core runs; 
persons performing core logging; 
core recoveries (percentages) from each core run, explaining probable locations(s) of 
core loss; 
information establishing core depths; 
geologic description of the core; 
logs of all photographs taken; 
information on cleaning, wetting, and breaking of core; 
other information pertinent to the condition of the core; and 
an inventory of core boxes 

7.4.4 Hydraulic and Tracer Testing 

Unless otherwise directed by the SNL PI, the HTC is responsible for maintaining records 
related to hydraulic and tracer tests. Where applicable, documentation will include: 

times, dates, and intervals of all hydraulic tests; 
persons performing tests; 
test procedures used; 



equipment and tools used, including model, make, and serial number where 
applicable; 
tubing tallies or other information used to establish test depths; 
sketches of equipment configurations, along with dimensions; 
log of photographs taken of the equipment and activities; 
description of activities performed; 
rationale for decisions concerning test intervals, durations, modifications to 
procedures, or other factors; 
manually collected data,; 
data files collected by the DAS; 
samples collected; and 
other information pertinent to the testing. 

7.4.5 Miscellaneous Records 

Additional records that are useful in documenting the history of the field operations may 
be maintained and submitted to the SWCF. These records incIude: 

driller's daily summary sheets, drilling-bit inventories, and drilling-fluid history; 
drilling-rig and other equipment certifications; 
drilling-history charts; 
water-quality measurements; 
information related to operation of diesel generators; 
waste-water disposal manifests; 
equipment manifests; and 
cost and billing information regarding contracted services. 

These records do not support Performance Assessment or regulatory compliance and, 
therefore, are not quality-affecting information. 

7.4.6 Submittal of Records 

Records resulting from work conducted under this FOP, including fonns and data stored 
on electronic media, will not be submitted to the SNL Quality Assurance Department for review 
and approval as specified in the WIPP procedures. Instead, the records will be assembled into 
records package(s) which will be reviewed by the SM, PI and submitted to the SWCF. 
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Sandia National Laboratories 
Albuquerque, New Mexico 871 85-1 324 

date: June 9, 1995 

to: Dave Cole, 6743, MS1395 

from: Rick Beauheim, 61 15, MS1324 

subject: Location and Drilling of Well H-19b5 

We have established the location for the next well to be drilled at the H-19 hydropad, 
H-19b5, and would like drilling to begin as soon as possible. Relative to the surface 
location of well H-19b0, H-19b5 should be drilled 19 ft south and 40 ft west. This location 
is shown on the attached figure. Please measure and stake this location so Abbott Bros. 
can set surface casing for this well tomorrow. This is not a high-precision task; a few feet 
one way or another does not matter. 

H-19b5 is to be rotary drilled to the casing point in the lower Tamarisk. No core will be 
taken to the casing point. After the hole is cased, we will have to wait until the preliminary 
tracer test is completed before coring through the Culebra. If we know where we want to 
drill the sixth well before the tracer test is completed, we may want to move the rig to that 
location and complete that hole before pulling back over H-19b5 to core the Culebra. The 
Culebra will be cored in H-19b5 (and all other new wells) using compressed air as the 
circulation medium. The Culebra interval will then have to be reamed using the S7/einch bit 
so that the hole is the same size as H-19b2, 3, and 4. 

Please confer with Jerry Mercer, Allan Sattler, and the drilling crew about how the drilling 
practice might be improved to reduce hole deviation. If drilling needs to be slowed down, 
thereby increasing the time required to complete a well, so be it. 

Please contact me if you have any questions about these directions. 

cc: A.R. Sattler, 61 11, MS0706 
P.B. Davies, 6115, MS1324 
A.R. Lappin, 61 15, MS1324 
L.C. Meigs, 61 15, MS1324 
C.S. Chocas, 61 15, MS1324 
J.W. Mercer, 9333, MS1156 
M.B. Kloska, INTERA 
W.A. Stensrud, INTERA, WlPP 
SWCF-A:1.1.5.3.4:FOP:QA:H-19 well locations 

A-7 1 
Exceptional Service in the National lnteres t 
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Sandia National Laboratories 
Albuquerque. New Mexico 871 85-1 324 

date: July 7, 1995 

to: Dave Cole, 6743, MS1395 

from: Rick Beauheirn, 61 15, MS1324 

subject: Location and Drilling of Well H-19b6 

We have established the location for the next well to be drilled at the H-19 hydropad, 
H-19b6, and would like drilling to begin as soon as possible. Relative to the surface 
location of well H-19b1, H-19b6 should be drilled 19.3 ft north and 10.9 ft east. This 
location is shown on the attached figure. Please measure and stake this location so Abbott 
Bros. can set surface casing as soon as they can be mobilized. This is not a high-precision 
task; a foot one way or another does not matter. 

H-19b6 is to be rotary drilled to the casing point in the lower Tamarisk. No core will be 
taken to the casing point. After the hole is cased, you can either wait on the hole until the 
cement has set for the required time and then immediately complete the hole through the 
Culebra, or you can move the rig over to H-19b5 and complete that hole through the 
Culebra and then move the rig back to complete H-19b6. In either case, drilling takes 
priority over other activities on the pad. The preliminary tracer test will end when you are 
ready to core through the Culebra in either H-19b5 or H-19b6. The Culebra will be cored 
in H-19b6 (and all other new wells) using compressed air as the circulation medium. The 
Culebra interval will then have to be reamed using the 55inch bit so that the hole is the 
same size as H-19b2, 3, and 4. 

Please contact me if you have any questions about these directions. 

cc: A.R. Sattler, 61 1 1, MS0706 
P.B. Davies, 6115, MS1324 
A.R. Lappin, 61 15, MS1324 
LC. Meigs, 61 15, MS1324 
C.S. Chocas, 61 15, MS1324 
J.W. Mercer, 9333, MS1156 
M.B. Kloska, INTERA 
W.A. Stensntd, INTERA, WlPP 
SWCF-A:1.1.5.3.4:FOP:QA:H-19 well locations 

Exceptional Service in the Nationd Interest 

A-73 
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Sandia National Laboratories 
Albuquerque, New Mexico 871 85-1 324 

date: July 24, 1995 

t 'o:  Dave Cole, 6743, MS1395 

from: Rick Beauheim, 61 15, MS1324 

subject: Location and Drilling of Well H-19b7 

We have established the location for the next well to be drilled at the H-19 hydropad, 
H-19b7, and would like drilling to begin as soon as possible. Relative to the surface 
location of well H-19b0, H-19b7 should be drilled 28.9 ft south and 4.1 ft east. This location 
is shown on the attached figure. Please measure and stake this location so Abbott Bros. 
can set surface casing as soon as they can be mobilized. This is not a high-precision task; 
a foot one way or another does not matter. 

H-19b7 is to be rotary drilled to a depth of 685 ft in the Tamarisk Member of the Rustler 
Formation. From 685 ft to the casing point at approximately 735 ft, the hole should be 
cored using the wireline-coring assembly. This coring can be done using either brine or air 
as the circulation medium. After the hole is cased, the remainder of the hole to 
approximately 785 ft (T.D.) is to be cored with air. The interval below the casing will then 
have to be reamed using the 5%-inch bit so that the hole is the same size as H-19b2, 3, 
and 4. 

To stabilize the hole below the Culebra dolomite, we want the drillers to install 5lILinch 
Centron DHC3OO casing in the bottom of the hole. This casing should be cut to exactly the 
length that the hole continues past the base of the Culebra. This casing should be installed 
as soon as the drillers complete reaming of the hole to T.D. The casing will not be 
cemented in place; we will simply allow the clay to squeeze around it. To get the casing 
to the bottom of the hole, a packer should be inflated inside the casing at the surface, and 
then the packer (and casing) will be lowered in the hole on 2%-inch tubing. If the hole 
caves in before the casing can get to bottom, we will determine how deep we can get and 
then decide whether to: (1) pull out, clean out the hole, and try again; (2) pull out, cut a 
portion of the casing off, and run it back in; (3) release the casing and remove the packer, 
and then run in with the bit (or something else wider than the casing) and attempt to push 
the casing down; or (4) something else. If we are successful with this operation, we will 
likely do it also in H-19b2 through 6. To this end, please immediately order six 2 9 4  joints 
of the 5Y~inch Centron DHC300 casing. The cost should be low enough for Martha to be 
able to place the order. 

Please contact me if you have any questions about these directions. 

cc: A.R. Sattler, 61 11, MS0706 C.S. Chocas, 61 15, MS1324 
P.B. Davies, 61 15, MS1324 J.W. Mercer, 9333, MS1156 
A.R. Lappin, 6115, MS1324 M.B. Kloska, INTERA 
L.C. Meigs, 6115, MS1324 W.A. Stensrud, INTERA, WlPP 
SWCF-A:1.1.5.3.4:FOP:QA:H-19 well locations 

Exceptionel Service in the National Interest 
A-75 
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HYDROLOGIC DRILLHOLE H-19b0 
ABRIDGED HOLE HISTORY 

NOTE: All depths are measured from ground level. 

The following hole history was abstracted from Sandia National Laboratories' daily drilling 
records. Drillhole H-19b0 is a replacement hole for drillhole H-19bl which was abandoned 
because unrecoverable tools were stuck in the hole. Tailgate safety meetings were held each day 
prior l:o beginning operations. 

3-28-95 Rigged up Water Development rig, Dresser T70W over 20-inch surface casing at -- 
H-19110 location; established depth control for well (v-notch cut in surface casing). Set up mud 
pumps and shale shaker. Made up drilling assembly consisting of a 12.25-inch tricone bit and 
tripped in hole to bottom of surface casing at 38 ft. Broke tower at 1450 hr, began drilling 12.25- 
inch hole using saturated brine as drilling fluid. Drilled to 70 ft; circulated hole clean and tripped 
out drill pipe. Secured site at 1730 hr. 

3-29-'95 Made up new drilling assembly by adding collars to string. Tripped in to 70 ft; -- 
circulated hole and began drilling 12.25-inch hole at 1100 hr. Drilled from 70 ft to 134 ft; 
circulated hole and tripped out drill pipe to collars. Site secured at 1750 hr. 

3-30-195 Trip in hole with drill pipe to 134 ft; circulated hole with saturated brine water and salt -- 
gel. Continued drilling 12.25-inch hole from 134 ft to 248 ft. Some problems with mud. 
Circulated hole and tripped out to collars. Site secured at 18 15 hr. 

3-31-95 Decided to change out drilling fluid and mix salt gel with saturated brine water. -- 
Conducted routine rig maintenance. Tripped in to 248 ft and continued drilling; still having 
penetration problems. Drilled to 260 ft and circulated hole for several hours. Pulled back to 
collars and secured site at 1810 hr. 

4-01-'95 Tripped in with drill pipe and circulated and reamed back to bottom at 260 ft. -- 
Continued drilling 12.25-inch hole from 260 ft to 343 ft using saturated brine and salt gel. 
Circulated hole and pulled back to collars. Site secured at 1645 hr. 

4-02-95 Run in hole with drill pipe and circulated hole; very little fill. Continued drilling from -- 
343 :ft to 508 ft using saturated brine and salt gel as drilling fluid. Addition of mud pump 
increased mud volume and increased penetration rate. Circulated hole and tripped out drill pipe 
to collars. Site secured at 1745 hr. 

4-03-95 Tripped in hole; encountered little fill. Continued drilling 12.25-inch hole from 508 ft -- 
to 601 ft. Drilling fluid continued to consist of saturated brine and salt gel. Circulated hole and 
tripped out drill pipe to collars and secured site at 1900 hr. 

4-04-95 Put liners in mud pump. Tripped in drill pipe and continued drilling from 601 ft to -- 
679 ft. Circulated hole and tripped out drill pipe to collars. Site secured at 1700 hr. 

4-05-95 Tripped in drill pipe and continued drilling 12.25-inch hole from 679 ft to 728 ft, -- 
which is point in hole that drilling the 12.25-inch hole ended. Will rig up to ream hole. 
Circulated hole and tripped out drill pipe, collars, and bit. Site secured at 1915 hr. 



logs on cored interval. Logged to 778.2 ft. Rigged down USGS at 1630 hr. Demobilized rig 
from H-19b0. Secured site at 1800 hr. 

Operations associated with drilling completed on H-19b0. 



HYDROLOGIC DRILLHOLE H-19b0 
ABRIDGED HOLE HISTORY 

NOTE: All depths are measured from ground level. 

The fbllowing hole history was abstracted from Sandia National Laboratories' daily drilling 
recorcls. Drillhole H-19b0 is a replacement hole for drillhole H-19bl which was abandoned 
because unrecoverable tools were stuck in the hole. Tailgate safety meetings were held each day 
prior lto beginning operations. 

3-28-95 Rigged up Water Development rig, Dresser T70W over 20-inch surface casing at -- 
H-19110 location; established depth control for well (v-notch cut in surface casing). Set up mud 
pumps and shale shaker. Made up drilling assembly consisting of a 12.25-inch tricone bit and 
tripped in hole to bottom of surface casing at 38 ft. Broke tower at 1450 hr, began drilling 12.25- 
inch hole using saturated brine as drilling fluid. Drilled to 70 ft; circulated hole clean and tripped 
out drill pipe. Secured site at 1730 hr. 

3-29-195 Made up new drilling assembly by adding collars to string. Tripped in to 70 ft; -- 
circulated hole and began drilling 12.25-inch hole at 1100 hr. Drilled from 70 ft to 134 ft; 
circulated hole and tripped out drill pipe to collars. Site secured at 1750 hr. 

3-30-'95 Trip in hole with drill pipe to 134 ft; circulated hole with saturated brine water and salt -- 
gel. Continued drilling 12.25-inch hole from 134 ft to 248 ft. Some problems with mud. 
Circulated hole and tripped out to collars. Site secured at 1815 hr. 

3-31-'95 Decided to change out drilling fluid and mix salt gel with saturated brine water. -- 
Conducted routine rig maintenance. Tripped in to 248 ft and continued drilling; still having 
penetration problems. Drilled to 260 ft and circulated hole for several hours. Pulled back to 
collars and secured site at 18 10 hr. 

4-01-195 Tripped in with drill pipe and circulated and reamed back to bottom at 260 ft. -- 
Continued drilling 12.25-inch hole from 260 ft to 343 ft using saturated brine and salt gel. 
Circulated hole and pulled back to collars. Site secured at 1645 hr. 

4-02-95 Run in hole with drill pipe and circulated hole; very little fill. Continued drilling from -- 
343 ft to 508 ft using saturated brine and salt gel as drilling fluid. Addition of mud pump 
increased mud volume and increased penetration rate. Circulated hole and tripped out drill pipe 
to collars. Site secured at 1745 hr. 

4-03-95 Tripped in hole; encountered little fill. Continued drilling 12.25-inch hole from 508 ft -- 
to 601 ft. Drilling fluid continued to consist of saturated brine and salt gel. Circulated hole and 
tripped out drill pipe to collars and secured site at 1900 hr. 

4-04-95 Put liners in mud pump. Tripped in drill pipe and continued drilling from 601 ft to -- 
679 ft. Circulated hole and tripped out drill pipe to collars. Site secured at 1700 hr. 

4-05-95 Tripped in drill pipe and continued drilling 12.25-inch hole from 679 ft to 728 ft, -- 
which is point in hole that drilling the 12.25-inch hole ended. Will rig up to ream hole. 
Circu~lated hole and tripped out drill pipe, collars, and bit. Site secured at 1915 hr. 



4-06-95 Rigged up hole opener to ream 12.25-inch hole to 14.75 inches. Tripped in hole with 
reaming assembly to 37 ft. Began reaming operation using saturated brine water with salt gel. 
Reamed hole from 37 ft to 283 ft; circulated hole and tripped out drill pipe to collars. Worked on 
mud pump. Site secured at 2030 hr. 

4-07-95 Tripped in the hole with drill pipe and circulated the 'hole of cuttings (fill) that had 
settled out. Continued reaming the drillhole to 14.75 inches from 283 ft to 572 ft using brine 
water with salt gel as drilling fluid. Circulated hole and tripped out drill pipe to collars. Site 
secured at 1740 hr. 

4-08-95 Tripped in the hole with drill pipe and circulated hole. Continued reaming 12.25-inch 
hole to 14.75 inches from 572 ft to casing depth of 735.5 ft. Circulated hole clean and tripped 
out drill pipe to collars. Site secured at 1945 hr. 

4-09-95 Tripped in drill pipe and circulated hole in preparation for geophysical logging. Only 
2 ft of fill on bottom. Tripped out of hole with drill pipe, collars, and hole opener. U.S. 
Geological Survey geophysical loggers on site at 1420 hr. Rigged up loggers and ran natural 
gamma, neutron porosity, and caliper logs to total depth. Rigged down U.S. Geological Survey 
at 1715 hr. Notified State Engineer's office and cementers of plans to run casing and cement the 
well tomorrow. Site secured at 1730 hr. 

4-10-95 Inspected and tallied 27 joints of Centron DHC 350, 9.12-inch, 8.7 lblft fiberglass 
casing. Placed a combination guide shoe-float collar on bottom of first joint. Rigged up and ran 
27 joints of casing setting the bottom of guide shoe at 73 1.9 ft. Centralizers were placed on the 
top of guide shoe-float collar and on top of casing joints numbers 1, 4, 8, 11, 14, 20, and 24. 
Western Cementing company on site at 1430 hr. Western rigged up circulation head and broke 
circulation. Commenced cementing operations at 1605 hr and pumped a slurry that included 
70-30% pozzolan cement with 5% salt, 2% bentonite followed by a tail cement slurry consisting 
of Class C cement with 2% calcium chloride. Plug dropped and pumped down and cementing 
head was shut in at 1720 hr. About 127 sacks of cement were circulated to the surface and put in 
the pits. Rigged down Western and secured the site at 1930 hr. 

4-11-95 Wait on cement. Rig maintenance. Site secured at 1705 hr. 

4-12-95 Rigged up to drill out cement. Tripped in drill pipe and 7.875-inch tricone bit and 
displaced brine in casing with Culebra water pumped from WQSP-4. Tagged top of cement and 
fill at 685 ft. Began drill out of cement in casing. Drilled out cement and formation to core point 
at 736.7 ft. Changed out drilling fluid contaminated with cement with Culebra water. Secured 
site at 1730 hr. 

4-13-95 Tripped out drill pipe and 7.875-inch bit. Rigged up Christensen-Boyles coring 
equipment. Site secured at 1200 hr for days off. 

4-14-95 No drilling activity. Crew on break. 

4-15-95 No drilling activity. Crew on break. 

4-16-95 No drilling activity. Crew on break. 

4-17-95 No drilling activity. Crew on break. 

4-18-95 No drilling activity. Crew on break. 



4-19-95 Finished rigging up coring equipment. Core barrel is a 5-ft Christensen-Boyles 
conve:ntional barrel with a split inner barrel. The coring assembly is configured to cut 7.75-inch 
hole and take a 5.875-inch core. Tripped in hole with coring assembly and drill pipe to coring 
depth of 736.7 ft. Circulated hole with Culebra water as coring fluid. Began trial runs at 113 1 hr 
and cut core from 736.7 ft to 739.2 ft. Core cut very slow, questioned possibility of having 
"junk" in hole. Tripped out of hole with coring assembly and drill pipe. Recovered 2.5 ft of core 
and found pieces of metal on core bit. Tripped in hole with 7.875-inch tricone bit to clean out 
hole. Mixed up bentonite slug to "sweep" hole. Circulated hole. Site secured at 1830 hr. 

4-20-95 Drilled about one ft of formation to see whether any "junk" drilled up. Tripped out -- 
drill pipe and 7.875- inch bit. Rigged up and tripped in drill pipe and conventional Christensen- 
Boy1e:s core barrel (7.75-inch bit to cut 5.875-inch core). Tagged bottom of hole at 740.3 ft. 
Circulated hole and changed out drilling fluid with new Culebra water. Cored trial run from 
740.3 ft to 740.8 ft and core barrel pressured up. Tripped out core barrel and recovered 0.5 ft of 
core. Top of Culebra at 740.1 ft. Problems with inner barrel unscrewing. Called Christensen 
and found out misinformation in operations manual; made changes and tripped in hole with core 
barrel and drill pipe. Cored run #1 from 740.8 ft to 745.8 ft. Tripped out drill pipe and core 
barrel recovering 5.0 ft of core (100%). Changed out speed drive on head. Site secured at 1815 
hr. 

4-21-95 Rigged up core barrel and added collars to drill string for extra weight. Tripped in -- 
hole 1:o coring depth at 745.8 ft and circulated hole. Cored run #2 from 745.8 ft to 750.8 ft. 
Circulated hole and tripped out of hole with drill pipe and core barrel recovering 5.0 ft of core 
(100410). Redress core barrel and tripped in and cut core #3 from 750.8 ft to 755.8 ft. Circulated 
hole ,and tripped out with core barrel recovering 5.0 ft of core (100%). Tripped in with core 
barrel1 and drill pipe and cut core #4 from 755.8 ft to 760.8 ft where core barrel pressured up. 
Circulated hole. Tripped out with drill pipe and core barrel recovering 4.6 ft of core (92%). 
Redressed core barrel and run in hole to bottom of casing. Secured site at 1815 hr. 

4-22-95 Tripped to bottom with core barrel to continue coring. Cut core #5 from 760.8 ft to -- 
765.2 ft when core barrel blocked off. Circulated hole and tripped out with core barrel 
recovering 3.6 ft of core (82%). Hit the contact between the Culebra Dolomite Member and the 
unnamed lower member of the Rustler Formation at 764.4 ft. Redressed core barrel and tripped 
in hole. Cored run #6 from 765.2 ft to 770.2 ft and circulated the hole. Tripped out core barrel, 
no recovery as core evidently slid out of barrel. Redressed core barrel checking out core catcher 
and tripped back in the hole to try to recover core. Cored an extra 1.0 ft. Tripped out core barrel, 
evidently catcher not holding and no core was recovered. Redressed core barrel and tripped in 
hole tto bottom of casing. Secured site at 1730 hr. 

4-23-895 Tripped coring assembly to a depth of 771.2 ft and circulated the hole using Culebra -- 
water for coring fluid. Cored run #7 from 771.2 ft to 773.7 ft and circulated the hole. Tripped 
out coring assembly and recovered 4.4 ft core; however, unable to determine where core came 
from as there was probably excess core from previous runs. Redressed core barrel and tripped in 
the haole and cut core #8 from 773.7 ft to 778.7 ft. Circulated the hole and tripped out core barrel 
recovering 4.9 ft of core. U.S. Geological Survey on site at 1400 hr to run geophysical logs. 
Rigged up loggers and ran natural gamma, gamma-gamma density, neutron porosity, and caliper 



logs on cored interval. Logged to 778.2 ft. Rigged down USGS at 1630 hr. Demobilized rig 
from H- 19b0. Secured site at 1800 hr. 

Operations associated with drilling completed on H-19b0. 



HYDROLOGIC DRILLHOLE H-19bl 
ABRIDGED HOLE HISTORY 

NOTE: All depths are measured from ground level. 

The following hole history was abstracted from Sandia National Laboratories' daily drilling 
records. Tailgate safety meetings were held each day prior to beginning operations. 

2-13-95 Rigged up Water Development Dresser T70W drilling rig over the 20-inch surface -- 
casing at H-19bl. Set temporary 6.625-inch protective casing inside the surface casing in 
preparation for coring. Made up Christensen-Boyles wireline coring assembly with a 4.835-inch- 
diameter diamond coring bit to cut 3.345-inch-diameter core. Held "kickoff' meeting and an 
inspection by Westinghouse safety was conducted. Secured operations at 1845 hr. 

2-14-95 Picked up wireline coring assembly and wireline coring pipe and tripped in hole. The -- 
coring assembly was made up of a 5-ft core barrel with a split inner tube. The hole was cleaned 
out to 36.8 ft using compressed air as a circulation fluid. Rigged up and cut core #1 (using air as 
coring fluid) from 36.8 ft to 41.8 ft and recovered 5.0 ft of core (100%). Cut core #2 from 
41.8 fit to 46.8 ft and recovered 5.0 ft of core (100%). Cut core #3 from 46.8 ft to 51.8 ft and 
recovered 5.0 ft (100%). Cut core # 4 from 51.8 ft to 56.8 ft and recovered 4.9 ft of core (98%). 
Cut core #5 from 56.8 ft to 61.6 ft and recovered 4.8 ft of core (100%). Cut core #6 from 61.6 ft 
to 66.6 ft and recovered 4.3 ft of core (86%). Cut core #7 from 66.6 ft to 71.6 ft and recovered 
4.9 ft core (98%). Cut core #8 from 71.6 ft to 76.6 ft and recovered 5.0 ft core (100%). Cut core 
#9 from 76.6 ft to 81.6 ft and recovered 5.0 ft core (100%). Cut core #10 from 81.6 ft to 86.6 ft 
and recovered 4.9 ft of core (98%). Cut core #11 from 86.6 ft to 91.6 ft and recovered 5.0 ft core 
(100%). Cut core #12 from 91.6 ft to 96.6 ft and recovered 5.0 ft of core (100%). Cut core #13 
from '96.6 ft to 101.6 ft and recovered 5.0 ft of core (100%). Cut core #14 from 101.6 ft to 
106.6 ft and recovered 4.5 ft of core (90%). Cut core #15 from 106.6 ft to 11 1.6 ft and recovered 
4.8 ft of core (96%). Cut core #16 from 11 1.6 ft to 116.6 ft and recovered 5.0 ft of core (100%). 
Cut core #17 from 116.6 ft to 121.6 ft and recovered 4.5 ft of core (90%). Circulated hole clean 
and conducted maintenance on rig. Site secured at 1830 hr. 

2-15-95 Circulated hole with air and continued wireline coring operation. Cut core #18 from -- 
121.6 ft to 126.6 ft and recovered 4.9 ft of core (98%). Cut core #19 from 126.6 ft to 131.6 ft 
and recovered 5.0 ft of core (100%). Cut core #20 from 131.6 ft to 136.6 ft and recovered 5.0 ft 
of core (100%). Cut core # 21 from 136.6 ft to 141.6 ft and recovered 5.0 ft of core (100%). Cut 
core #22 from 141.6 ft to 146.6 ft and recovered 4.9 ft of core (98%). Cut core #23 from 146.6 
ft to 151.6 ft and recovered 5.0 ft of core (100%). Cut core #24 from 151.6 ft to 156.6 ft and 
recovered 4.9 ft core (98%). Cut core #25 from 156.6 ft to 161.6 ft and recovered 5.0 ft core 
(1004;). Cut core #26 from 161.6 ft to 164.0 ft and recovered 2.4 ft core (100%). Cut core #27 
from 164.0 ft to 169.0 ft and recovered 4.8 ft of core (96%). Cut core #28 from 169.0 ft to 
174.0 ft and recovered 5.0 f t  core (100%). Cut core #29 from 174.0 ft to 179.0 ft and recovered 
5.0 ft of core (100%). Cut core #30 from 179.0 ft to 184.0 ft and recovered 2.2 ft of core (44%). 
Hit a very sandy zone. Cut core #31 from 184.0 ft to 188.0 ft and recovered 2.7 ft of core (68%). 
Cut core # 32 from 188.0 ft to 193.0 ft and recovered 4.0 ft (80%). Cut core # 33 from 193.0 ft 
to 198.0 ft and recovered 4.4 ft of core (88%). Problems with air bypassing seal around annulus. 
Worked on seal. Trip out wireline pipe and coring assembly. Site secured at 1825 hr. 



2-16-95 Picked up Christensen-Boyles wireline coring assembly and tripped in the hole to 
continue wireline coring operation. Circulated hole using air-mist. Cut core #34 from 198.0 ft to 
203.0 ft and recovered 5.0 ft of core (100%). Cut core #35 from 203.0 ft to 208.0 ft and 
recovered 5.0 ft of core (100%). Cut core #36 from 208.0 ft to 213.0 ft and recovered 5.0 ft of 
core (100%). Cut core #37 from 21 3.0 ft to 218.0 ft and recovered 5.0 ft of core (100%). Cut 
core #38 from 218.0 ft to 223.0 ft and recovered 5.0 ft of core (100%). Cut core #39 from 
223.0 ft to 228.0 ft and recovered 5.0 ft of core (100%). Cut core #40 from 228.0 ft to 233.0 ft 
and recovered 5.0 ft of core (100%). Cut core # 41 from 233.0 ft to 238.0 ft and recovered 5.0 ft 
of core (100%). Cut core #42 from 238.0 ft to 243.0 ft and recovered 5.0 ft core (100%). Cut 
core #43 from 243.0 ft to 248.0 ft and recovered 5.0 ft core (100%). Cut core #44 from 248.0 ft 
to 253.0 ft and recovered 4.9 ft core (98%). Cut core #45 from 253.0 ft to 258.0 ft and recovered 
5.0 ft of core (100%). Cut core #46 from 258.0 ft to 263.0 ft and recovered 5.0 ft core (100%). 
Cut core #47 from 263.0 ft to 268.0 ft and recovered 5.0 ft of core (100%). Cut core #48 from 
268.0 ft to 273.0 ft and recovered 5.0 ft of core (100%). Cut core #49 from 273.0 ft to 278.0 ft 
and recovered 5.0 ft of core (100%). Cut core # 50 from 278.0 ft to 283.0 ft and recovered 5.0 ft 
of core (100%). Cut core # 51 from 283.0 ft to 288.0 ft and recovered 5.0 ft of core (100%). Cut 
core #52 from 288.0 ft to 293.0 ft and recovered 5.0 ft of core (100%). Cut core #53 from 
293.0 ft to 298.0 ft and recovered 5.0 ft of core (100%). Circulated hole. Site secured at 1730 hr. 

2-17-95 Circulated hole using air-mist. Continued wireline coring operation. Cut core 54 
from 298.0 ft to 303.0 ft and recovered 5.0 ft of core (100%). Cut core # 55 from 303.0 ft to 
308.0 ft and recovered 5.0 ft of core (100%). Cut core #56 from 308.0 ft to 313.0 ft and 
recovered 5.0 ft of core (100%). Cut core #57 from 313.0 ft to 318.0 ft and recovered 5.0 ft of 
core (100%). Cut core #58 from 318.0 ft to 323.0 ft and recovered 5.0 ft of core (100%). Cut 
core #59 from 323.0 ft to 328.0 ft and recovered 5.0 ft of core (100%). Cut core #60 from 328.0 
ft to 333.0 ft and recovered 5.0 ft of core (100%). Cut core #61 from 333.0 ft to 338.0 ft and 
recovered 5.0 ft of core (100%). Cut core #62 from 338.0 ft to 343.0 ft and recovered 5.0 ft core 
(100%). Cut core # 63 from 343.0 ft to 348.0 ft and recovered 5.0 ft core (100%). Cut core #64 
from 348.0 ft to 353.0 ft and recovered 5.0 ft core (100%). Cut core #65 from 353.0 ft to 358.0 ft 
and recovered 5.0 ft of core (100%). Cut core #66 from 358.0 ft to 363.0 ft and recovered 5.0 ft 
core (100%). Cut core #67 from 363.0 ft to 368.0 ft and recovered 5.0 ft of core (100%). Cut 
core #68 from 368.0 ft to 373.0 ft and recovered 5.0 ft of core (100%). Cut core #69 from 373.0 
ft to 378.0 ft and recovered 5.0 ft of core (100%). Cut core #70 from 378.0 ft to 383.0 ft and 
recovered 5.0 ft of core (100%). Cut core #71 from 383.0 ft to 388.0 ft and recovered 5.0 ft of 
core (100%). Circulated hole with air-mist. Site secured at 1745 hr. 

2-18-95 Circulated hole using air-mist. Continued wireline coring operation. Cut core #72 
from 388.0 ft to 393.0 ft and recovered 5.0 ft of core (100%). Cut core #73 from 393.0 ft to 
398.0 ft and recovered 5.0 ft of core (100%). Cut core #74 from 398.0 ft to 403.0 ft and 
recovered 5.0 ft of core (100%). Cut core #75 from 403.0 ft to 408.0 ft and recovered 5.0 ft of 
core (100%). Cut core #76 from 408.0 ft to 413.0 ft and recovered 5.0 ft of core (100%). Cut 
core #77 from 413.0 ft to 418.0 ft and recovered 5.0 ft of core (100%). Cut core #78 from 
418.0 ft to 423.0 ft and recovered 5.0 ft of core (100%). Cut core #79 from 423.0 ft to 428.0 ft 
and recovered 5.0 ft of core (100%). Cut core # 80 from 428.0 ft to 433.0 ft and recovered 5.0 ft 
of core (100%). Cut core #81 from 433.0 ft to 438.0 ft and recovered 5.0 ft of core (100%). Cut 
core #82 from 438.0 ft to 443.0 ft and recovered 5.0 ft of core (100%). Cut core #83 from 



443.0 ft to 448.0 ft and recovered 5.0 ft of core (100%). Cut core #84 from 448.0 ft to 453.0 ft 
and recovered 5.0 ft of core (100%). Cut core #85 from 453.0 ft to 458.0 ft and recovered 5.0 ft 
of core (100%). Cut core #86 from 458.0 ft to 463.0 ft and recovered 5.0 ft core (100%). Cut 
core #87 from 463.0 ft to 468.0 ft and recovered 5.0 ft of core (100%). Problems with air valve 
on wireline reel; repaired. Circulated hole with air-mist. Site secured at 1710 hr. 

2-19-!35 Circulated hole using air-mist. Continued wireline coring operation. Cut core #88 -- 
from 468.0 ft to 473.0 ft and recovered 5.0 ft of core (100%). Cut core #89 from 473.0 ft to 
478.0 ft and recovered 5.0 ft of core (100%). Cut core #90 from 478.0 ft to 483.0 ft and 
recovc~red 5.0 ft of core (100%). Cut core #91 from 483.0 ft to 488.0 ft and recovered 5.0 ft of 
core (100%). Cut core #92 from 488.0 ft to 493.0 ft and recovered 5.0 ft of core (100%). Cut 
core #93 from 493.0 ft to 498.0 ft and recovered 5.0 ft of core (100%). Cut core #94 from 
498.0 ft to 503.0 ft and recovered 5.0 ft of core (100%). Cut core #95 from 503.0 ft to 508.0 ft 
and recovered 5.0 ft of core (100%). Cut core #96 from 508.0 ft to 513.0 ft and recovered 5.0 ft 
of core (100%). Cut core #97 from 513.0 ft to 518.0 ft and recovered 5.0 ft of core (100%). 
Continued having problems with air valve on sand line; repaired. Circulated hole. Site secured 
at 17C)O hr. 

2-20-95 -- Circulated hole using air-mist. Continued wireline coring operation using 
Christensen-Boyles wireline coring assembly with a 4.835-inch-diameter diamond coring bit to 
cut 3.345-inch-diameter core. Cut core #98 from 518.0 ft to 523.0 ft and recovered 5.0 ft of core 
(100%). Cut core #99 from 523.0 ft to 528.0 ft and recovered 5.0 ft of core (100%). Cut core 
#lo0 from 528.0 ft to 533.0 ft and recovered 5.0 ft of core (100%). Cut core #I01 from 533.0 ft 
to 5313.0 ft and recovered 5.0 ft of core (100%). Cut core #I02 from 538.0 ft to 543.0 ft and 
recovered 5.0 ft of core (100%). Cut core #I03 from 543.0 ft to 548.0 ft and recovered 5.0 ft of 
core (100%). Cut core #I04 from 548.0 ft to 553.0 ft and recovered 5.0 ft of core (100%). Cut 
core #I05 from 553.0 ft to 558.0 ft and recovered 5.0 ft of core (100%). Cut core #I06 from 
558.0 ft to 563.0 ft and recovered 5.0 ft of core (100%). Cut core #I07 from 563.0 ft to 568.0 ft 
and recovered 5.0 ft of core (100%). Hit top of Rustler Formation at 566.5 ft. Cut core #I08 
from 568.0 ft to 573.0 ft and recovered 5.0 ft of core (100%). Cut core #I09 from 573.0 ft to 
578.0 ft and recovered 5.0 ft of core (100%). Cut core #I10 from 578.0 ft to 583.0 ft and 
recov'ered 5.0 ft of core (100%). Cut core # l l l  from 583.0 ft to 588.0 ft and recovered 5.0 ft of 
core ( 100%). Cut core #I12 from 588.0 ft to 593.0 ft and recovered 5.0 ft of core (100%). Cut 
core 171 13 from 593.0 ft to 598.0 ft and recovered 5.0 ft of core (100%). Cut core #I14 from 
598.0 ft to 603.0 ft and recovered 2.5 ft of core (50%). Circulated hole. Tripped out wireline 
pipe and coring assembly. Site secured at 1800 hr. 

2-21-'95 Lined up equipment to conduct hydrologic tests on the Magenta. Tallied 2.375-inch -- 
tubin;;. Changed out sand line on rig. Rig on standby. Site secured at 1730 hr. 

2-22-95 Tripped in Christensen-Boyles wireline coring assembly (a 4.835-inch-diameter -- 
diamond coring bit to cut 3.345-inch-diameter core) and wireline pipe. Circulated hole using air. 
Continued wireline coring operation. Cut core #I15 from 603.0 ft to 608.0 ft and recovered 
5.0 ft of core (100%). Cut core #I16 from 608.0 ft to 613.0 ft and recovered 5.0 ft of core 
(100%). Cut core #I17 from 613.0 ft to 61 8.0 ft and recovered 5.0 ft of core (100%). Cut core 
#I18 from 618.0 ft to 623.0 ft and recovered 5.0 ft of core (100%). Cut core #I19 from 623.0 ft 
to 628.0 ft and recovered 5.0 ft of core (100%). Cut core #I20 from 628.0 ft to 633.0 ft and 
recovered 4.4 ft of core (88%). Cut core #I21 from 633.0 ft to 638.0 ft and recovered 2.2 ft of 



core (44%). Clay causing barrel to block off. Cut core #I22 from 638.0 ft to 642.6 ft where 
barrel blocked off. Recovered 4.6 ft of core (100%). Cut core # 123 from 642.6 ft to 647.6 ft 
and recovered 5.0 ft of core (100%). Cut core #I24 from 647.6 ft to 651.6 ft and recovered 4.0 ft 
of core (100%). Ended coring operation to run hydrologic tests on the Magenta Member of the 
Rustler Formation. Hole depth 65 1.6 ft. Circulated hole using air. Site secured at 1840 hr. 

2-23-95 Checked the water level in the well with Solinist meter and found water level at 
377.89 ft. Tripped out wireline pipe and coring assembly. Rigged up to run a temporary packer 
on 2.375-inch tubing. Ran in hole with packer, set, and inflated the packer just above the 
Magenta. Drilling operations ended, crew on days off. 

2-24-95 No drilling activity. Crew on break. 

2-25-95 No drilling activity. Crew on break. 

2-26-95 No drilling activity. Crew on break. 

2-27-95 No drilling activity. Crew on break. 

2-28-95 No drilling activity. Crew on break. 

3-01-95 Rigged up and deflated temporary packer. Tripped out 2.375-inch tubing and packer. 
Rigged up test packer with pressure transducers. Tripped in hole with test assembly and set and 
inflated packer to test the Magenta. Bailed hole and put well on test status. Site secured at 1815 hr. 

3-02-95 Well on test. Ran a series of shut-in and flow tests. Site secured at 1800 hr. 

3-03-95 Well on test. Continued flow and shut-in tests. Site secured at 1755 hr. 

3-04-95 Terminated hydrologic testing of the Magenta. Deflated the packer and tripped the 
testing assembly out of the hole. Rigged down the test equipment. Rigged up the Christensen- 
Boyles wireline coring system (a 4.835-inch-diameter diamond coring bit to cut 3.345-inch 
diameter core) and tripped the assembly in the hole on the wireline pipe. Converted from air 
coring to coring with saturated brine as a circulation fluid. Rigged up "shaker," mud pumps, and 
ancillary equipment. Site secured at 1800 hr. 

3-05-95 Finished rigging up coring equipment. Tripped in hole, "broke circulation" using 
saturated brine as coring fluid and circulated wireline pipe in hole to coring depth of 651.6 ft. 
Dropped inner barrel to continue coring using Christensen-Boyles wireline coring system cutting 
3.345-inch core. Cut core #I25 from 65 1.6 ft to 654.6 ft and recovered 2.8 ft of core (93%). Cut 
core #I26 from 654.6 ft to 659.6 ft and recovered 4.8 ft of core (96%). Cut core #127 from 
659.6 ft to 664.6 ft and recovered 5.0 ft of core (100%). Cut core #I28 from 664.6 ft to 669.6 ft 
and recovered 5.0 ft of core (100%). Cut core #I29 from 669.6 ft to 674.6 ft and recovered 
3.5 ft of core (70%). Problems holding core in inner barrel. Circulated hole using saturated 
brine water as coring fluid. Site secured at 1750 hr. 

3-06-95 Circulated hole using brine water; tripped in with inner core barrel. Continued 
wireline coring operation. Cut core #I30 from 674.6 ft to 677.6 ft and recovered 2.9 ft of new 
core. Also recovered remainder of core from previous run (run #129). Cut core # 131 from 
677.6 ft to 682.6 ft and recovered 5.0 ft of core (100%). Cut core #I32 from 682.6 ft to 687.6 ft 
and recovered 5.0 ft of core (100%). Cut core #I33 from 687.6 ft to 692.6 ft and recovered 5.0 ft 
of core (100%). Cut core #I34 from 692.6 ft to 697.6 ft and recovered 4.8 ft of core (96%). Cut 



core #I35 from 697.6 ft to 702.6 ft and recovered 5.0 ft of core (100%). Cut core #I36 from 
702.6 ft to 707.6 ft and recovered 5.0 ft of core (100%). Cut core #I37 from 707.6 ft to 712.6 ft 
and recovered 5.0 ft of core (100%). Cut core #I38 from 712.6 ft to 717.6 ft and recovered 5.0 ft 
of core (100%). Cut core # 139 from 717.6 ft to 722.6 ft and recovered 5.0 ft of core (100%). 
Circulated hole using saturated brine water. Secured site. 

3-07-95 Circulated hole in preparation for continued coring operation. Cut core # 140 from -- 
722.6 ft to 727.6 ft using saturated brine water as coring fluid. Recovered 5.0 ft of core (100%). 
Cut core #I41 from 727. 6 ft to 732.6 ft and recovered 5.0 ft of core (100%). Reached casing 
point at 732.6 ft; circulated hole clean and tripped out with wireline pipe and coring assembly. 
U.S. Geological Survey geophysical logging truck on site. Rigged up to run logs; logging 
commenced at 1315 hr. Geophysical logs run included gamma ray, neutron porosity, gamma- 
gamma density. Problem with the caliper module; caliper log was not run. USGS completed 
logging at 1735 hr. Rigged down USGS and secured site at 1930 hr. 

3-08-195 Rigged up 12.25-inch reaming assembly. Picked up collars and tripped in the hole to -- 
44 ft. Reaming 4.835-inch core hole to 12.25-inch hole using saturated brine water as drilling 
fluid. Swivel packing leaking; repaired. Reamed hole to 90 ft. Circulated hole. Site secured at 
1800 hr. 

3-09-195 Worked on seal around mud tub near annulus of drillhole. Picked up additional collars -- 
and tripped in hole. Circulated to bottom of hole at 90 ft. Continued reaming core hole to 12.25 
inches. Reamed hole from 90 ft to 200 ft. Conducted routine maintenance on rig. Secured site 
at 1740 hr. 

3-10-,95 Circulated hole cleaning out cuttings that had settled out of drilling mud. Repaired -- 
packing on mud pump. Continued reaming hole to 12.25 inches from 200 ft to 244 ft. Problems 
with condition of mud and bit. Penetration rate quite low. Will trip out bit and change 
tomorrow. Circulated hole clean and pulled back drill pipe to the collars. Site secured at 1750 
hr. 

3-11-95 Finished tripping out drill pipe, collars, and bit. Changed out bit to long-toothed -- 
tricone. Tripped in new bit, drill pipe, and collars to 237 ft. Encountered fill, circulated hole 
and continued reaming hole to 283 ft. Worked on adding an additional mud pump in the system 
to inc:rease volume. Added stabilizer to tool string. Circulated hole and pulled back drill pipe to 
collars. Site secured at 1750 hr. 

3-12-95 Tripped in drill pipe to 283 ft and circulated hole. Continued reaming hole using -- 
saturated brine with salt gel. Reamed hole to 12.25 inches from 283 ft to 380 ft. Changed out 
and conditioned new drilling fluid. Pulled back to collars. Site secured at 18 10 hr. 

3-13-95 Tripped in drill pipe and bit to 380 ft and circulated hole with saturated brine. -- 
Continued reaming hole to 12.25 inches. Reamed from 380 ft to 441 ft. Still having problems 
with penetration rate. Bit appears to be "balling" up. Decided to change out jets on bit. Tripped 
out drill pipe, collars, and bit assembly. Site secured at 1910 hr. 

3-14-'95 Put new jets in the bit. Tripped in drill pipe, collars, and bit assembly, tagged fill -- 
aboul: 60 ft off bottom; circulated hole down to 441 ft. Continued reaming from 441 ft to 567 ft. 
Bit je:t changes increased volume and thus penetration rate. Circulated hole and tripped back drill 
pipe .to collars. Site secured at 1845 hr. 



3-15-95 Tripped in drill pipe to 567 ft. Thinned down mud. Continued reaming hole to 12.25 
inches from 567 ft to 658 ft when drill pipe broke off at tool joint. Hole depth at 658 ft and top 
of collars approximately 454 ft below ground level. Called fishing company to line up necessary 
equipment to try and retrieve tools. Site secured at 1800 hr. 

3-16-95 Star Tool on site to rig up overshot and grapple to "fish for lost tools. Tripped in hole 
and tagged "fish" at 454 ft. Several attempts were made but unable to latch on to tools. Tripped 
out and replaced grapple with larger size. Tripped back in hole and attempted to latch on to 
"fish." Tried to circulate and wash over tools. Unable to do so; tripped out and rigged down 
overshot and grapple. Site secured at 18 16 hr. 

3-17-95 Star Tool on site to continue "fishing" operations. Continued to try different sized 
overshots and grapples; still unable to latch on to tools. Site secured at 1800 hr. 

3-18-95 Continued "fishing" operations. Finally latched on to "fish." Called Rotary Wireline 
to run "freepoint." Baker float in collars will not let freepoint tool past. Decided to "shoot off' 
drill pipe at top of collars. After drill pipe was loose, tripped out. Rigged up jars and accelerator 
with collars. Ready to run in hole tomorrow. Site secured at 1900 hr. 

3-19-95 Picked up fishing equipment and tripped in hole. Tagged top of collars (fish) at 
573 ft. Circulated hole and screwed into top of "fish." Worked pipe and tripped jar; moved fish 
only about two inches. Continued to work pipe although did not make much headway. Decided 
at point of diminishing returns so it was decided the hole (H-19bl) would be temporarily 
abandoned. Called Rotary Wireline to shoot "fish" loose from jars. Pipe was shot off and 
fishing tools were tripped out. Will conduct meeting tomorrow on hole abandonment. Site 
secured at 1930 hr. 

3-20-95 Tripped out drill pipe and fishing tools. Teleconference with Beauheim resulted in a 
decision to abandon hole H-19bl. Rigged down and cleaned up site. New location was picked. 
Secured site at 1730 hr. 

Operations associated with drilling completed when hole was abandoned. 



HYDROLOGIC DRILLHOLE H-19b2 
ABRIDGED HOLE HISTORY 

The fbllowing hole history was abstracted from Sandia National Laboratories' daily drilling 
records. Tailgate safety meetings were held each day prior to beginning operations. 

NOTE: All depths are measured from ground level. 

5-10-95 Rigged up Water Development rig Dresser T70W over 14-inch surface casing at 
H-19b2 location; established depth control for well (v-notch cut in surface casing). Set up mud 
pumps and shale shaker. Made up drilling assembly consisting of a 12.25-inch tricone bit and 
tripped in hole to bottom of surface casing at 38 ft. Broke tower at 0800 hr, began drilling 12.25- 
inch hole using saturated brine as drilling fluid. Drilled from 38 ft to 250 ft adding salt gel to 
drilling fluid; circulated hole and tripped out drill pipe to collars. Securedrsite at 1750 hr. 

5-11-95 Tripped in 12.25-inch bit to 250 ft; circulated hole using saturated brine water. -- 
Continued drilling from 250 ft. Worked on mud pump and shaker screen. Continued drilling 
12.25-inch hole to 323 ft. Circulated hole and tripped out drill pipe, collars, and bit. Changed 
out bit. Secured site at 1740 hr. 

5-12-'95 Tripped in 12.25-inch bit to 323 ft; circulated hole using saturated brine water and salt -- 
gel. Continued drilling hole from 323 ft. Continued to have problems with shaker screen; 
repaired. Drilled 12.25-inch hole to 415 ft. Worked on mud pump. Circulated hole and tripped 
drill pipe to collars. Site secured at 1800 hr. 

5-13-95 Finished repairing liners on mud pump. Tripped in drill pipe to 415 ft and circulated -- 
hole. Continued drilling 12.25-inch hole to 518 ft using saturated brine with salt gel. Still 
having mud pump problems. Circulated hole and tripped drill pipe to collars. Worked on repair 
of mutd pump. Site secured at 1800 hr. 

5-14-'95 As tripping in drill pipe hit a "tight" spot at 140 ft; worked through it and thinned back -- 
mud. Reamed back to 5 18 ft and circulated hole. Continued drilling from 5 18 ft to 642 ft and 
circulated hole. Tripped back drill pipe to collars. Site secured at 1930 hr. 

5-15-95 Tripped in hole with drill pipe reaming through "tight" spots. Circulated hole and -- 
continued drilling 12.25-inch hole using saturated brine water and salt gel. Drilled from 642 ft to 
734 fit (casing depth). Circulated hole and tripped out drill pipe to collars. Site secured at 2130 hr. 

5-16-95 Finished tripping out collars and bit. Inspected and tallied 27 joints of Centron DHC 
300, '7-inch, 5.7 lblft fiberglass casing. Placed a combination guide shoe-float collar on bottom 
of first joint. Rigged up and ran 27 joints of casing setting the bottom of guide shoe at 732.35 ft. 
Centralizers were placed on the top of guide shoe-float collar and on top of casing joints numbers 
1, 3, 6, 9, 12, 15, 18, 21, and 25. Western Cementing company on site at 1320 hr. Western 
rigged up circulation head and broke circulation. Commenced cementing operations at 1436 hr 
and pumped a slurry that included 70-30% pozzolan cement with 5% salt, 2% bentonite followed 
by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped 
and pumped down and cementing head was shut in at 1550 hr. About 126 sacks of cement were 
circulated to the surface and put in the pits. Rigged down Western and secured the site at 
1800 hr. Wait on cement. 

5-17-,95 Wait on cement. Rig maintenance and preparations made to drill out cement. -- 



5-18-95 Rigged up to drill out cement. Picked up 5.875-inch tricone bit and drill pipe and 
tripped in hole. Tagged top of cement fill at about 704 ft. Drilled out cement and rubber plug 
down to 735.5 ft using saturated brine water as drilling fluid. Circulated hole and tripped out 
drill pipe and bit. Picked up Christensen-Boyles wireline coring assembly (4.835-inch bit to cut 
3.345-inch core) and tripped in hole on wireline pipe to 735.5 ft. Unloaded hole of brine water 
with compressed air. Rigged up to core using air as circulation fluid. Cut core #1 from 735.5 ft 
to 740.5 ft using air. Recovered 4.8 ft of core (96%). Cut core # 2 from 740.5 ft to 745.5 ft and 
recovered 5.0 ft of 3.45 inch core (100%). Top of the Culebra Dolomite was at 741.6 ft. Cut 
core #3 from 745.5 ft to 750.5 ft and recovered 5.0 ft of core (100%). Cut core #4 from 750.5 ft 
to 755.5 ft and recovered 4.5 ft of core (90%). Cut core #5 from 755.5 ft to 760.5 ft. Core barrel 
acted like it blocked off. Tripped out inner barrel and recovered 0.0 ft of core (0%). Cut core #6 
from 760.5 ft to 764.5 ft and recovered 1.3 ft of core (33%). Evidently on last core run the core 
catcher was torn up and was left in hole. It was decided to try to recover the catcher before 
continuing to core. Site secured at 1830 hr. 

5-19-95 Tripped in with inner barrel to try to recover core catcher. Cored from 764.5 ft to 
766.7 ft and tripped out inner barrel; 0.5 ft recovery; however, it was difficult to determine depth 
that the core recovered came from. Inner barrel did not latch. Again tried to make a core run and 
inner barrel still not latching. Tripped out wireline pipe and coring assembly. Tripped in with 
5.875-inch tricone bit and drill pipe in attempt to drill up catcher as the hole was reamed. Site 
secured at 1800 hr. 

5-20-95 Finished tripping in drill pipe and 5.875-inch bit to ream core hole and try to drill up 
core catcher that was lost. Circulated hole with air and reamed core hole from 735.5 ft to 
766.7 ft using air as drilling fluid. Continued drilling a "rat hole" from 766.7 ft down to 
785.0 ft. Circulated hole clean and tripped out drill pipe and bit. Moved off hole. Hole 
completed at a total depth of 785.0 ft. Site was secured at 1800 hr. 

NOTE: Because of problems in maintaining an open hole in the section below the Culebra in 
H-19b2 the hole was reoccupied on 8-27-95. 

8-27-95 Rigged up Water Development rig Dresser T70W over H-19b2 to ream out borehole 
and run a PVC liner to seal off the unnamed lower member of the Rustler Formation. Rigged up 
and tripped in hole with 5.875-inch tricone bit and drill pipe to 735.5 ft. Unloaded borehole with 
compressed air and reamed borehole from 735.5 ft to 785.4 ft using air as circulation fluid. 
Circulated hole and tripped out with drill pipe and bit. Rigged up a 19.97-ft joint of PVC (5.5- 
inch OD and 4.88-inch ID) liner on a Baker inflatable packer and tripped in hole. Released liner 
in hole from 764.0 ft to 784.0 ft; may have slid to bottom. Deflated packer and left assembly in 
the hole overnight for complete deflation. Site secured at 1730 hr. 

8-28-95 Tripped out drill pipe and packer. Drilling operations on H-19b2 completed. Rigged 
down and moved rig to H-19b3. 

9-6-95 U.S. Geological Survey ran geophysical logs on H-19b2. Logs run included natural 
gamma, neutron porosity, and caliper. 

Operations associated with drilling phase completed on H-19b2. 



HYDROLOGIC DRILLHOLE H-19b3 
ABRIDGED HOLE HISTORY 

The following hole history was abstracted from Sandia National Laboratories' daily drilling 
records. Tailgate safety meetings were held each day prior to the beginning of operations. 

NOTE: All depths are measured from ground level. 

4-23-95 Cut off surface casing at H-19b3 location. Rigged up Water Development rig, Dresser -- 
T70M7, over 14-inch surface casing and established depth control for well (v-notch cut in surface 
casing). Set up mud pumps and shale shaker. Site secured at 1800 hr. 

4-24-95 Made up drilling assembly consisting of a 12.25-inch tricone bit and tripped in hole to -- 
bottom of surface casing at 38 ft. Broke tower at 0841 hr, began drilling 12.25-inch hole using 
satura.ted brine and salt gel as drilling fluid. Drilled from 38 ft to 236 ft; circulated hole clean 
and tripped out drill pipe to collars. Secured site at 1830 hr. 

4-25-95 Tripped in 12.25-inch bit and reamed hole down to 236 ft; circulated hole using -- 
saturalted brine water. Continued drilling 12.25-inch hole from 236 ft to 364 ft. Circulated hole 
and tripped out drill pipe to collars. Secured site at 1940 hr. 

4-26-95 Finished tripping out collars and bit. Changed out bit putting on tricone button bit. -- 
Tripped in new 12.25-inch bit reaming hole back to 364 ft; circulated hole using saturated brine 
water and salt gel. Continued drilling hole from 364 ft to 518 ft Circulated hole and tripped out 
drill pipe to collars. Site secured at 2010 hr. 

4-27-95 Coupling went out on mud pump as rigged up to trip in hole. Repaired coupling and -- 
continued tripping in hole at 0900 hr reaming hole back to 5 18 ft. Continued drilling from 5 18 ft 
to 6113 ft and circulated hole. Tripped back drill pipe to collars. Site secured at 1830 hr. 

4-28-95 Tripped in hole with drill pipe reaming hole down to 613 ft. Continued drilling -- 
12.25-inch-hole from 613 ft to 725 ft. Circulated hole and tripped out drill pipe to collars. Site 
secured at 1845 hr. 

4-29-95 Tripped in hole with drill pipe and bit; reamed hole as tripped in. Mud hose blew and 
plugged bit. Tripped out drill pipe, collars , and bit. Cleaned up bit and tripped back in hole to 
725 ft; circulated hole. Continued drilling 12.25-inch hole from 725 ft to 734 ft (casing depth); 
circulated hole. Tripped out drill pipe to collars. Site secured at 2145 hr. 

4-30-95 Finished tripping out collars and bit. Inspected and tallied 27 joints of Centron DHC -- 
300, '7-inch, 5.7 lblft, fiberglass casing. Placed a combination guide shoe-float collar on bottom 
of first joint. Rigged up and ran 27 joints of casing setting the bottom of guide shoe at 732.04 ft. 
Centralizers were placed on the top of guide shoe-float collar and on top of casing joints numbers 
1, 3, 6, 9, 12, 15, 18, 21, and 25. Western Cementing company on site at 1415 hr. Western 
rigged up circulation head and broke circulation. Commenced cementing operations at 15 15 hr 
and plumped a slurry that included 70-30% pozzolan cement with 5% salt, 2% bentonite followed 
by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped 
and pumped down and cementing head was shut in at 1554 hr. About 30 barrels of cement were 
circu:lated to the surface and put in the pits. Rigged down Western and cleaned up. Secured the 
site at 1800 hr. Wait on cement. 



5-01-95 Wait on cement. Changing over equipment to drill out cement. Picked up 5.875-inch 
tricone bit and tripped in hole to 600 ft. Standby. Site secured at 1730 hr. 

5-02-95 Finished tripping in bit and drill pipe and tagged top of cement fill at about 710 ft. 
Rigged up to drill out cement. Drilled out cement and rubber plug and continued hole down to 
735.3 ft using saturated brine water as drilling fluid. Circulated hole. Changed out drilling fluid 
with Culebra brine. Tripped out drill pipe and bit. Picked up Christensen-Boyles wireline coring 
assembly (4.835-inch bit to cut 3.345-inch core) and tripped in hole on wireline pipe to 735.3 ft. 
Rigged up to core using Culebra brine as circulation fluid. Cut core #1 from 735.3 ft to 740.3 ft 
and recovered 4.7 ft of core (94%). Upper contact of the Culebra was at 740.0 ft. Cut core #2 
from 740.3 ft to 745.3 ft and recovered 3.4 ft of core (68%). Cut core #3 from 745.3 ft to 750.3 
ft and recovered 4.9 ft of core (98%). Cut core #4 from 750.3 ft to 755.3 ft and recovered 4.3 ft 
of core (86%). Problems with latching mechanism on inner barrel. Cut core #5 from 755.3 ft to 
760.3 ft and recovered 0.0 ft of core (0%). Cut core # 6 from 760.3 ft to 764.3 ft and recovered 
0.0 ft of core (0%). Cut core #7 from 764.3 ft to 766.3 ft when barrel blocked off. Tripped out 
inner barrel, no core. Cut core run #8 from 766.3 ft to 768.3 ft. Core barrel blocked off. Tripped 
out wireline pipe and coring assembly and found no core recovered; core barrel blocked off in 
bit. Secured site at 2200 hr. 

5-03-95 Because of scheduling decided to move rig temporarily off hole so a pumping test of 
the Culebra could be conducted. Rigged down and moved off hole. Cleaned up site. Site 
secured at 1730 hr. Crew on break during testing. 

5-04-95 No drilling activity. Crew on break. 

5-05-95 No drilling activity. Crew on break. 

5-06-95 No drilling activity. Crew on break. 

5-07-95 No drilling activity. Crew on break. 

5-08-95 No drilling activity. Crew on break. 

5-09-95 Testing on H-19b3 completed. Moved back Dresser T70W rig and rigged up over 
existing hole. Decision was made to ream out core hole using a 5.875-inch tricone bit and 
continue the hole down making a "rat hole" below the Culebra. Tallied drill pipe and picked up 
5.875-inch bit. Tripped in hole to 735.3 ft and reamed core hole to 768.3 ft using Culebra brine 
as drilling fluid. Continued drilling 5.875-inch "rat hole" from 768.3 ft to a total depth of 
784.0 ft. Circulated hole and tripped out drill pipe and bit. Drilling of H-19b3 was completed so 
demobilized rig and moved to H-19b2. Site secured at 1730 hr. 

NOTE: Because of hole problems in the unnamed lower member of the Rustler Formation, 
H- 19b3 was reoccupied on 8-28-95. 

8-28-95 Rigged up Water Development Dresser T70W rig over H-19b3 to ream out borehole 
below the Culebra and run in a PVC liner to keep hole from collapsing. Picked up 5.875-inch 
tricone bit and drill pipe and tripped in hole to 734.0 ft. Unloaded hole with compressed air and 
reamed hole from 734.0 ft to 784.9 ft. Circulated hole and tripped out drill pipe and bit. Rigged 
up a 19.97-ft joint of PVC (5.5-inch OD and 4.88-inch ID) on a Baker inflatable packer and 
tripped liner assembly in hole on drill pipe. Placed liner in hole covering an interval from 



763.2: ft to 783.2 ft. Deflated the packer and left in the hole overnight for complete deflation. 
Site s,ecured at 1700 hr. 

8-29-95 Packer was checked and was free from liner. Moved packer up hole and reinflated 
abovt: liner to be sure liner was left in hole. Tripped out packer and drill pipe. Rigged down and 
move:d to H-19b3. Site secured at 1730 hr. 

9-05-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on -- 
H- 19b3 included natural gamma, neutron porosity, and caliper. 

Operations associated with drilling completed on H-19b3. 



HYDROLOGIC DRILLHOLE H-19b4 
ABRIDGED HOLE HISTORY 

The following hole history was abstracted from Sandia National Laboratories' daily drilling 
records. Tailgate safety meetings were held each day prior to the beginning of operations. 

NOTE: All depths are measured from ground level. 

5-20-95 Cut off surface casing at H-19b4 location. Rigged up Water Development rig, Dresser 
T70W, over 14-inch surface casing and established depth control for well (v-notch cut in surface 
casing). Set up mud pumps and shale shaker. Raised mast. Made up drilling assembly 
consisting of a 12.25-inch tricone button bit and tripped in hole to bottom of surface casing at 
38 ft. Broke tower at 1345 hr, began drilling 12.25-inch hole using saturated brine and salt gel as 
drilling fluid. Drilled from 38 ft to 141 ft; circulated hole clean, and tripped out drill pipe to 
collars. Site secured at 1800 hr. 

5-21-95 Circulated hole as drill pipe was tripped in. Continued drilling 12.25-inch hole from 
141 ft to 376 ft. Circulated hole and tripped out drill pipe to collars. Site secured at 1800 hr. 

5-22-95 Tripped in drill pipe and using 12.25-inch bit reamed through "tight" spots at 140 ft 
and at 180 ft. Top head leaking so replaced bearings. Circulated hole using saturated brine water 
and salt gel, back on bottom at 376 ft. Continued drilling 12.25-inch hole from 376 ft to 575 ft. 
Circulated hole and tripped out drill pipe to collars. Secured site at 1800 hr. 

5-23-95 Tripped in drill pipe using 12.25-inch bit to ream hole through "tight" spots at 140 ft 
and 180 ft; back to bottom at 575 ft. Circulated hole using saturated brine water and salt gel. 
Continued drilling hole from 575 ft to 660 ft. Slow drilling anhydrite. Circulated hole and 
tripped out drill pipe to collars. Site secured at 1800 hr. 

5-24-95 Tripped in drill pipe to 660 ft, did not encounter "tight" spots. Circulated hole using 
saturated brine and salt gel as drilling fluid. Continued drilling from 660 ft to 705 ft; drilling 
very slow. Will change out bit. Circulated hole and tripped back drill pipe to collars. Site 
secured at 1800 hr. Crew going on break. 

5-25-95 No drilling activity. Crew on break. 

5-26-95 No drilling activity. Crew on break. 

5-27-95 No drilling activity. Crew on break. 

5-28-95 No drilling activity. Crew on break. 

5-29-95 No drilling activity. Crew on break. 

5-30-95 No drilling activity. Crew on break. 

5-31-95 Tripped in hole with drill pipe, collars, and new 12.25-inch bit; reamed hole as tripped 
in to 705 ft. Circulated hole and continued drilling from 705 ft to 734.0 ft (casing depth). 
Finished hole at 1300 hr. Circulated hole and tripped out drill pipe to collars. Site secured at 
1800 hr. 

6-01-95 Finished tripping out collars and bit. Inspected and tallied 27 joints of Centron DHC 
300, 7-inch, 5.7 lblft, fiberglass casing. Placed a combination guide shoe-float collar on bottom 
of first joint. Rigged up and ran 27 joints of casing setting the bottom of guide shoe at 730.7 ft. 



Centralizers were placed on the top of guide shoe-float collar and on top of casing joints numbers 
1, 3, 6,  9, 12, 15, 18,21, 24, and 25. Western Cementing company on site at 1330 hr. Western 
rigged up circulation head and broke circulation 1430 hr. Commenced cementing operations at 
1431 hr and pumped a slurry that included 70-30% pozzolan cement with 5% salt, 2% bentonite 
followed by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug 
dropped, pumped down, and bumped at 1504 hr and cementing head was shut in. Cements were 
circulated to the surface and put in the pits. Rigged down Western and cleaned up. Secured the 
site at 1700 hr. Standby, wait on cement. 

6-02-95 Wait on cement. Changing over equipment to drill out cement. Picked up 5.875-inch 
tricone bit and tripped in hole to 620 ft. Standby. Site secured at 1730 hr. 

6-03-95 Finished tripping in bit and drill pipe and tagged top of cement fill at about 720 ft. 
Rigge.d up to drill out cement. Drilled out cement and rubber plug and continued drilling hole 
down to 735.4 ft using saturated brine water as drilling fluid. Circulated hole. Tripped out drill 
pipe and bit. Picked up Christensen-Boyles wireline coring assembly (4.835-inch bit to cut 
3.345-inch core) and tripped in hole on wireline pipe to 735.5 ft. Unloaded hole with 
compressed air. Rigged up to core using compressed air as circulation fluid. Cut core #1 from 
735.5 ft to 740.5 ft and recovered 5.0 ft of core (100%). Cored through the upper contact of the 
Culebra Dolomite at 738.5 ft. Cut core #2 from 740.5 ft to 745.5 ft and recovered 5.0 ft of core 
(10096). Cut core #3 from 745.5 ft to 750.5 ft and recovered 5.0 ft of core (100%). Cut core #4 
from 750.5 ft to 755.5 ft and recovered 5.0 ft of core (100%). Problems with latching 
mechanism on inner barrel. Cut core #5 from 755.5 ft to 760.5 ft and recovered 5.0 ft of core 
(10096). Cut core #6 from 760.5 ft to 761.5 ft where bit plugged. Tripped out inner barrel and 
recovered 0.2 ft of core (20%). Secured site at 1800 hr. 

6-04-95 Rigged up inner barrel to continue coring operation. Unloaded hole with compressed 
air. Cut core #7 from 761.5 ft to 766.5 ft using compressed air as coring fluid. Tripped out 
inner barrel and recovered 4.5 ft of core (90%). Hit contact of the Culebra and the unnamed 
lower member of the Rustler Formation at 761.8 ft. Cut core #8 from 766.5 ft to 771.5 ft and 
recovered 5.0 ft of core (100%). Cut core #9 from 771.5 ft to 776.5 ft and recovered 5.0 ft of 
core (100%). Cut core #10 from 776.5 ft to 781.5 ft and recovered 5.0 ft of core (100%). Coring 
completed at a total depth of 781.5 ft. Developed well by letting it set and then blowing out the 
water with air. Circulated the hole. Tripped out wireline pipe and coring assembly. Rig on 
stadby. Site secured at 1700 hr. 

6-05-95 Standby. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit 
and drill pipe to 735.5 ft; unloaded hole with compressed air. Reamed core hole with 5.875-inch 
bit from 735.5 ft to 781.5 ft. Circulated hole and tripped out drill pipe and bit. Site secured at 
1730 hr. 

6-06-95 Standby. Worked on mud pumps. Site secured at 1730 hr. 

6-07-95 Standby. Worked on equipment. Site secured at 1700 hr. -- 
6-08-95 Standby. Pulled pump. Site secured at 1700 hr. 

6-09-95 Standby. Installed injection tool in H-19b4. Site secured at 1700 hr. -- 



6-10-95 Standby. Set packer for INTERA. Rigged down from H-19b4 and moved off hole. 
Site secured at 1730 hr. Hole completed. 

NOTE: Because of a lost pump and hole problems in the unnamed lower member of the Rustler 
Formation, H-19b4 was reoccupied on 8-20-95. 

8-20-95 During testing operations, a submersible pump was dropped in H-19b4. Moved over 
hole with Dresser T70W to "fish pump from hole. Rigged up overshot and tripped in hole to try 
to recover pump. Tagged top of pump but did not recover. Tripped in and out with different 
sized overshot, but not able to recover "fish." Site secured at 1800 hr. 

8-21-95 Rigged up new overshot and tripped in hole on drill pipe. After several unsuccessful 
attempts at trying to recover pump, it was decided to drill up fish. Picked up 5.875-inch tricone 
bit and tripped in hole. Reamed lower portion of hole down to 781.3 ft using compressed air as 
circulation fluid. Tripped out bit and drill pipe. Because of hole problems in the unnamed lower 
member of the Rustler Formation, it was decided to run in a PVC liner to keep hole from 
collapsing. Rigged up a 19.20-ft joint of PVC (5.5-inch OD and 4.88-inch ID) on a Baker 
inflatable packer and tripped liner assembly in hole on drill pipe. Placed liner in hole covering 
an interval from 761.0 ft to 780.2 ft. Deflated the packer and left in the hole overnight for 
complete deflation. Site secured at 1800 hr. 

8-22-95 Packer was checked and was free from liner. Liner may have slid 0.8 ft. Moved 
packer up hole and reinflated above liner to be sure liner was left in hole. Tripped out packer and 
drill pipe. Rigged down and moved to H-19b6. Site secured at 1800 hr. 

9-06-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on 
H- 19b4 included natural gamma, neutron porosity, and caliper. 

Operations associated with drilling completed on H-19b4. 



HYDROLOGIC DRILLHOLE H-19b5 
ABRIDGED HOLE HISTORY 

The fbllowing hole history was abstracted from Sandia National Laboratories' daily drilling 
records. Tailgate safety meetings were held each day prior to the beginning of operations. 

NOTE: All depths are measured from ground level. 

6-11-95 Cut off surface casing at H-19b5 location. Rigged up Water Development rig, Dresser 
T70W, over 14-inch surface casing and established depth control for well (v-notch cut in surface 
casing). Set up mud pumps and shale shaker. Raised mast. Tallied drilling assembly, collars, 
and d.ril1 pipe. Made up drilling assembly consisting of a 12.25-inch tricone button bit and 
tripped in hole to bottom of surface casing at 38.4 ft. Broke tower at 1405 hr, began drilling 
12.25-inch hole using saturated brine and salt gel as drilling fluid. Drilled from 38.4 ft to 92.7 ft; 
circulated hole clean and tripped out drill pipe to collars. Site secured at 1800 hr. 

6-12-95 Circulated hole using saturated brine with salt gel as drilling fluid. Continued drilling -- 
12.25-inch hole from 92.7 ft to 240 ft. Circulated hole and tripped out drill pipe to collars. Site 
secured at 1730 hr. 

6-13-95 Changed drilling assembly by adding additional double pin sub and reamer. Tripped -- 
in new drilling assembly, collars, and drill pipe. Continued drilling hole using 12.25-inch bit and 
saturated brine and salt gel as drilling fluid. Drilled from 240 ft to 278 ft. Problems with top 
head leaking. Circulated hole. Repaired top head. Circulated hole and tripped out drill pipe to 
collars. Secured site at 1700 hr. Crew going on break. Days off. 

6-14-95 No drilling activity. Crew on break. -- 
6-15-95 No drilling activity. Crew on break. -- 
6-16-95 No drilling activity. Crew on break. -- 
6-17-95 No drilling activity. Crew on break. -- 
6-18-95 No drilling activity. Crew on break. 

6-19-95 No drilling activity. Crew on break. -- 
6-20-95 Rigged up to continue drilling, found swivel leaking. Repacked swivel. Tripped in 
drill ]pipe using 12.25-inch bit to ream hole through "tight" spots. Back to bottom at 278 ft. 
Circulated hole using saturated brine water and salt gel. Continued drilling 12.25-inch hole from 
278 fit to 336 ft. Circulated hole and tripped out drill pipe to collars. Site secured at 1800 hr. 

6-21-95 Tripped in drill pipe to 336 ft, did not encounter "tight" spots. Circulated hole using -- 
saturated brine and salt gel as drilling fluid. Top head still leaking. Decided to change out top 
head, but will wait until new one is sent from Woodland. Continued drilling from 336 ft to 
403 ft. Circulated hole and tripped back drill pipe to collars. Site secured at 1745 hr. 

6-22-95 Reamed hole as tripped in to 403 ft. Circulated hole and continued drilling from -- 
403 ft. Added additional mud pump to increase drilling fluid volume. Rod packing on mud 
pump blew out; stopped drilling and repaired. Continued drilling 12.25-inch hole to 504 ft. 
Circulated hole and tripped out drill pipe to collars. Site secured at 1745 hr. 



6-23-95 Tripped in drill pipe using 12.25-inch bit to ream hole through "tight" spots. Back to 
bottom at 504 ft. Circulated hole using saturated brine water and salt gel. Continued drilling 
12.25-inch hole from 504 ft to 550 ft. Top head continued to cause problems and is now getting 
hot, decided to shut down and replace head. Circulated hole and tripped out drill pipe to collars. 
Began to disassemble head. Site secured at 1800 hr. 

6-24-95 Down for repairs. Replacing top head. Site secured at 1830 hr. 

6-25-95 Rigged up head. Tripped in drill pipe, reamed "tight" spots, and back on bottom at 
550 ft. Circulated hole and continued drilling 12.25-inch hole from 550 ft to 594 ft. Circulated 
hole and tripped out drill pipe to collars. Site secured at 1850 hr. 

6-26-95 Rig maintenance. Tripped in drill pipe, reamed "tight" spots, and back on bottom at 
594 ft. Circulated hole using saturated brine water and salt gel as drilling fluid. Continued 
drilling 12.25-inch hole from 594 ft to 675 ft. Circulated hole and tripped out drill pipe to 
collars. Site secured at 1800 hr. 

6-27-95 Tripped in drill pipe to 675 ft; did not encounter any "tight" spots. Circulated hole 
using saturated brine and salt gel as drilling fluid. Continued drilling 12.25-inch hole from 675 ft 
to 695 ft. Very hard drilling. Shut down drilling because of bad weather. Circulated hole and 
tripped out drill pipe to collars. Site secured at 1800 hr. 

6-28-95 Tripped in drill pipe to 695 ft; did not encounter any "tight" spots. Circulated hole. 
Continued drilling 12.25-inch hole from 695 ft to 705 ft. Very hard drilling. Bit problems so 
decided to trip out bit and change out with a new one. Circulated hole and tripped out drill pipe, 
collars, and bit. Found bit cone oil seal out and one cone about to come off. Replaced bit with 
new one. Tripped in bit, collars and started tripping in drill pipe. Site secured at 1730 hr. 

6-29-95 Finished tripping in drill pipe. Bit on bottom at 705 ft; circulated hole and continued 
drilling from 705 ft to 734.2 ft (casing depth). Circulated hole and tripped out drill pipe, collars, 
and bit assembly. Out of hole at 1500 hr. Inspected and tallied 27 joints of Centron DHC 300, 
7-inch, 5.7 lblft, fiberglass casing. Placed a combination guide shoe-float collar on bottom of 
first joint. Rigged up and started running casing. Shut down because of lightning storm. Finish 
running 27 joints of casing, landing the bottom of guide shoe at 730.7 ft at 1810 hr. Centralizers 
were placed on the top of guide shoe-float collar and on top of casing joints numbers 1, 3, 6, 9, 
12, 15, 18, 21, and 25. Western Cementing company on site at 1430 hr. Western rigged up 
circulation head and broke circulation 1838 hr. Commenced cementing operations at 1843 hr 
and pumped a slurry that included 70-30% pozzolan cement with 5% salt, 2% bentonite followed 
by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped, 
pumped down, and bumped at 1917 hr, and cementing head was shut in. Cement was circulated 
to the surface, and about 54 sacks were put in the pits. Rigged down Western and cleaned up. 
Secured the site at 2030 hr. Standby, wait on cement. Crew went on break. Days off. 

6-30-95 No drilling activity. Crew on break. 

7-01-95 No drilling activity. Crew on break. 

7-02-95 No drilling activity. Crew on break. 

7-03-95 No drilling activity. Crew on break. 



7-04-95 No drilling activity. Crew on break. 

7-05-95 No drilling activity. Crew on break. 

7-06-95 Changing over equipment to drill out cement. Break off cementing head. Picked up 
5.875-inch tricone bit and drill pipe and tripped in hole. Tagged top of cement fill at 722 ft. 
Rigged up to drill out cement. Drilled out cement and rubber plug and continued drilling hole 
down to 736 ft using saturated brine water as drilling fluid. Circulated hole. Tripped out drill 
pipe and bit. Standby. Waited for location of H-19b6; may move to drill H- 19b6 before H- 19b5 
is completed. Site secured at 1730 hr. 

7-07-95 Standby. Worked on rig. Site secured at 1730 hr. -- 
7-08-95 Standby. Worked on rig. Moved trailers. Site secured at 1830 hr. -- 
7-09-95 Standby. Worked on rig and set surface casing for H-19b6. Rigged down from 
H-19b5 and moved equipment to H-19b6. Site secured at 1730 hr. 

NOTE: Rig was moved to H-19b6, and that drillhole was completed. Rig was moved back to 
H-19135 to complete hole on August 25, 1995. 

8-25-95 Moved Dresser T70W rig over H-19b5. Set mud pumps and shaker. Rigged up 
Christensen-Boyles wireline coring assembly (4.835-inch bit to cut 3.345-inch core), picked up, 
and tripped in hole on wireline pipe to 735.5 ft. Unloaded hole with compressed air. Rigged up 
to core using compressed air as circulation fluid. Cut core #I from 735.5 ft to 740.5 ft and 
recovered 4.6 ft of core (92%). Hit upper contact of Culebra at 736.7 ft. Cut core #2 from 
740.5 ft to 745.5 ft and recovered 5.0 ft of core (100%). Cut core # 3 from 745.5 ft to 750.5 ft 
and rc:covered 4.2 ft of core (84%). Cut core #4 from 750.5 ft to 755.5 ft and recovered 3.0 ft of 
core (60%). Problems with latching mechanism on inner barrel. Cut core #5 from 755.5 ft to 
760.5 ft and recovered 4.5 ft of core (90%). Cut core #6 from 760.5 ft to 765.5 ft and recovered 
4.1 ft of core (82%). Hit the contact of Culebra and the unnamed lower member of the Rustler 
Formation at 761.2 ft. Cut core #7 from 765.5 ft to 770.5 ft. Tripped out inner barrel and 
recovered 5.0 ft of core (100%). Cut core #8 from 770.5 ft to 775.5 ft and recovered 4.8 ft of 
core (96%). Cut core #9 from 775.5 ft to 780.5 ft and recovered 5.0 ft of core (100%). Cut core 
#10 fi-om 780.5 ft to 785.5 ft and recovered 3.5 ft of core (70%). Coring completed at a total 
depth of 785.5 ft. Circulated the hole. Started tripping out wireline pipe and breaking at each 
joint because coring operations have been completed. Site secured at 1830 hr. 

8-26-95 Finished tripping out and breaking down wireline pipe. Moved out wireline pipe and -- 
moved in drill pipe. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit 
and clrill pipe to 735.5 ft; unloaded hole with compressed air. Using compressed air as drilling 
fluid. reamed core hole with 5.875-inch bit from 735.5 ft to 785.5 ft. Circulated hole and tripped 
out drill pipe and bit. To keep the hole from collapsing below the Culebra, it was decided to 
place a PVC liner in the unnamed lower member of the Rustler Formation. Rigged up a 19.97-ft 
joint of PVC (5.5-inch OD and 4.88-inch ID) on a Baker inflatable packer and tripped liner 
assembly in hole on drill pipe. Placed liner in hole covering an interval from 761.0 ft to 78 1.0 ft. 
Deflated the packer and left in the hole overnight for complete deflation. Site secured at 1800 hr. 



8-27-95 Packer was checked and was free from liner. Liner may have slid 0.7 ft. Moved 
packer up hole and reinflated above liner to be sure liner was left in hole. Tripped out packer and 
drill pipe. Rigged down and moved to H-19b2. 

9-06-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on 
H-19b5 included natural gamma, neutron porosity, and caliper. Moved to H-19b7 to complete 
logging of drillhole. 

Operations associated with drilling completed on H-19b5. 



HYDROLOGIC DRILLHOLE H-19b6 
ABRIDGED HOLE HISTORY 

The following hole history was abstracted from Sandia National Laboratories' daily drilling 
records. Tailgate safety meetings were held each day prior to the beginning of operations. 

NOTE: All depths are measured from ground level. 

7-10-95 Cut off surface casing at H-19b6 location. Rigged up Water Development rig, Dresser -- 
T70W, over 14-inch surface casing and established depth control for well (v-notch cut in surface 
casing). Set up mud pumps and shale shaker. Raised mast. Tallied drilling assembly, collars, 
and drill pipe. Made up drilling assembly consisting of a 12.25-inch tricone button bit and 
tripped in hole to bottom of surface casing at 39 ft. Broke tower at 1315 hr, began drilling 12.25- 
inch hole using saturated brine and salt gel as drilling fluid. Drilled from 39 ft to 159.6 ft; 
circulated hole and tripped out drill pipe to collars. Site secured at 18 15 hr. 

7-11-915 Moved drill pipe to site. Rigged up and circulated hole using saturated brine with salt -- 
gel as drilling fluid. Continued drilling 12.25-inch hole from 159.6 ft to 322 ft when mud line 
from pump broke. Fixed mud pump line. Circulated hole and tripped out drill pipe to a "tight" 
spot a.t about 200 ft when lifting bail broke. Tools fell to bottom of hole. Called fishing 
company. Star Tool on site at 1845 hr. Rigged up overshot with 6.375-inch grapple and tripped 
in hole. Tagged top of "fish" at about 125 ft and was able to hook on to tools with grapple. 
Tripped out drill pipe to collars. Screw into collars and work through tight spot. Released 
fishing company and will trip out the rest of collars tomorrow. Site secured at 2215 hr. 

7-12-95 Rigged up elevators and finished tripping out collars; worked through "tight" spots. -- 
Checkied bit and decided to change it out as bit may have been damaged from the fall. Tripped in 
hole with new bit, collars, and drill pipe. Back on bottom at 322 ft. Circulated hole and 
continued drilling 12.25-inch hole from 322 ft to 376.2 ft. Circulated hole and tripped out of 
hole to collars. Site secured at 1800 hr. 

7-13-!)5 Tripped in hole with drill pipe to bottom at 376.2 ft; no fill or "tight" spots. Circulated -- 
hole and continued drilling from 376.2 ft to 533.3 ft. Circulated the hole and tripped out drill 
pipe to collars. Site secured at 1815 hr. 

7-14-195 Rig maintenance. Mixed up new saturated brine and salt gel and changed out mud. -- 
Tripped in drill pipe, reamed "tight" spots, and back on bottom at 533.3 ft. Circulated hole using 
new saturated brine water and salt gel. Continued drilling 12.25-inch hole from 533.3 ft to 
616 ft:. Circulated hole and tripped out drill pipe to collars. Site secured at 1800 hr. 

7-15-195 Tripped in drill pipe to 616 ft; reamed through "tight" spots. Circulated hole using -- 
saturated brine and salt gel as drilling fluid. Continued drilling 12.25-inch hole from 616 ft to 
685 ft. Very hard drilling. Circulated hole and tripped out drill pipe to collars. Site secured at 
1810 hr. 

7-16-95 Tripped in drill pipe to 685 ft; reamed through "tight" spots. Circulated hole. -- 
Continued drilling 12.25-inch hole from 685 ft to 71 1 ft. Very hard drilling. Bit problems, 
tripped out bit and changed out with a new one. Circulated hole and tripped out drill pipe to 
collars. Thunderstorm building so shut down for weather. Site secured at 1730 hr. 



7-17-95 Finished tripping out collars and bit. Found bit cone oil seals out and cones about to 
come off. Bit had drilled only about 300 ft of hole (bad bit?). Replace bit with new tricone 
button bit. Tripped in bit, collars and started tripping in drill pipe. Problems with fuel system on 
shaker motor; repaired. Finished tripping in drill pipe. Bit on bottom at 71 1 ft; circulated hole 
and started to drill; however, lightning storm moved in so shut down for weather. Back to 
drilling at 1350 hr. Continued drilling from 711 ft to 732.8 ft (casing depth). Circulated hole 
and tripped out drill pipe to collars. Site secured at 1800 hr. Notified State Engineer's office and 
cement company that casing job would be tomorrow. 

7-18-95 Finished tripping out collars and bit assembly. Rigged up to case hole. Inspected and 
tallied 27 joints of Centron DHC 300, 7-inch, 5.7 lblft, fiberglass casing. Placed a combination 
guide shoe-float collar on bottom of first joint. Rigged up and started running casing. Finished 
running 27 joints of casing, landing the bottom of guide shoe at 730.1 ft at 1140 hr. BJ-Western 
Cementing company on site at 1130 hr. Centralizers were placed on the top of guide shoe-float 
collar and on top of casing joints numbers 1, 3, 6, 9, 12, 15, 18, 21, and 25. BJ-Western rigged 
up circulation head and broke circulation 13 13 hr. Commenced cementing operations at 13 15 hr 
and pumped a slurry that included 70-30% pozzolan cement with 5% salt, 2% bentonite followed 
by a tail cement slurry consisting of Class C cement with 2% calcium chloride. Plug dropped, 
pumped down, and bumped at 1315 hr and cementing head was shut in. Cement was not 
circulated to the surface. Discussed with state representative and decided will have to run 
temperature survey to locate top of cement in the hole. Rigged down BJ-Western and cleaned 
up. Called Pro-Wireline to run temperature survey. Standby. Ran temperature survey and 
determined top of cement was at about 48 ft below ground level. State concurred that we could 
tremie cement on back side of casing. Found cement fill in casing at about 643 ft. Will have to 
drill out. Secured the site at 2100 hr. 

7-19-95 Standby. Determined that cement fill inside casing was at about 643 ft. Because it is 
fiberglass casing, it was decided that the cement should be drilled out to shoe before crew breaks 
for days off. Moved over drill pipe. Picked up 5.875-inch bit and tripped in the hole to fill at 
643 ft. Soft fill at 643 ft and top of set cement at about 655 ft. Circulated hole and began drilling 
out cement at 1246 hr. Continued drilling cement from 655 ft to 727.4 ft using saturated brine as 
drilling fluid. Circulated hole and tripped out drill pipe and bit. Will finish drill out after break. 
Site secured at 1800 hr. Crew on days off. 

7-20-95 No drilling activity. Crew on break. 

7-21-95 No drilling activity. Crew on break. 

7-22-95 No drilling activity. Crew on break. 

7-23-95 No drilling activity. Crew on break. 

7-24-95 No drilling activity. Crew on break. 

7-25-95 No drilling activity. It was decided that after drilling cement out of H-19b6 and prior 
to coring the Culebra, the rig would be moved to H-19b7. 

7-26-95 Discussed plans for moving to H-19b7 prior to coring H- 19b6. Rigged up drill pipe 
and 5.875-inch bit to drill out cement and shoe. Tripped in hole to 727.4 ft, circulated hole with 
saturated brine water as drilling fluid. Drilled out cement and shoe to 736.4 ft. Circulated hole 



and tripped out drill pipe and bit. Rigged up one-inch pipe to tremie cement around casing (in 
annulus) since circulation of cement did not reach the surface. Analyses of cementing job would 
indicate that cement company may have prematurely dropped plug during cementing operations. 
Taggecd cement in annulus at about 45 ft. Mixed cement slurry (Class C) and pumped down hole, 
circulating about 5 sacks to the pits. Cleaned up and tripped out trernie pipe. Rigged down 
Dresser T70W in preparation to move to H-19b7. Move off hole. Will return and finish H-19b6 
after completion of H-19b7. Site secured at 1530 hr. 

NOTIS: Rig moved back from H-19b7 on August 22, 1995, to complete H-19b6. -- 
8-22-95 Moved Dresser T70W over existing casing in preparation for coring the Culebra -- 
Dolomite. Inspected core barrel and bit. Found bit had cracks so replaced. Set mud pumps and 
shakes. Picked up Christensen-Boyles wireline coring assembly (4.835-inch bit to cut 3.345-inch 
core) ;and tripped in hole on wireline pipe to bottom of hole at 736.5 ft. Rigged up inner barrel 
assembly. Site secured at 1730 hr. 

8-23-95 Changed over to core using compressed air as circulation fluid. Unloaded hole with -- 
compressed air. Cut core #1 from 736.5 ft to 741.5 ft and recovered 4.0 ft of core (80%). Hit 
upper contact of the Culebra at 739.0 ft. Cut core #2 from 741.5 ft to 746.5 ft and recovered 4.1 
ft of core (82%). Cut core #3 from 746.5 ft to 751.5 ft and recovered 4.1 ft of core (82%). Cut 
core k'4 from 75 1.5 ft to 755.2 ft and recovered 2.2 ft  of core (60%). Core barrel blocked off. 
Cut core #5 from 755.2 ft to 759.2 ft and recovered 2.0 ft of core (50%). Cut core #6 from 759.2 
ft to 764.2 ft and recovered 2.3 ft of core (46%). Cut core #7 from 764.2 ft to 768.1 ft. Trouble 
with core barrel blocking off. Tripped out inner barrel and recovered 3.1 ft of core (79%). Hit 
the contact between the Culebra and the unnamed lower member of the Rustler Formation at 
763.8 ft. Cut core #8 from 768.1 ft to 773.1 ft and recovered 5.0 ft of core (100%). Cut core #9 
from 773.1 ft to 778.1 ft and recovered 5.0 ft of core (100%). Cut core #10 from 778.1 ft to 
783.1 ft and recovered 5.0 ft of core (100%). Cut core #11 from 783.1 ft to 788.1 ft and 
recovcx-ed 3.9 ft  of core (78%). Coring completed at a total depth of 788.1 ft. Circulated the 
hole. Tripped out wireline pipe and coring assembly. Moved out wireline pipe. ' Moved in drill 
pipe. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit and drill pipe 
to 730.1 ft. Rigged up air head getting ready to ream core hole. Site secured at 1820 hr. 

8-27-195 Unloaded hole with compressed air. Using compressed air as drilling fluid; reamed -- 
core hole with 5.875-inch bit from 736.5 ft to 785 ft. Circulated hole and tripped out drill pipe 
and bit. To keep the hole from collapsing below the Culebra, it was decided to place a PVC liner 
in the unnamed lower member of the Rustler Formation. Rigged up a 19.97-ft joint of PVC (5.5- 
inch OD and 4.88-inch ID) on a Baker inflatable packer and tripped liner assembly in hole on 
drill ]pipe. Placed liner in hole covering an interval from 765.0 ft to 785.0 ft. Deflated the 
packer. Packer was checked and was free from liner. Moved packer up hole and reinflated 
above liner to be sure liner was left in hole. Checked out, PVC liner in proper location. Tripped 
out piacker and drill pipe. Rigged down packer and drill rig. Site secured at 1800 hr. 

9-05-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on -- 
H- 191b6 included natural gamma, neutron porosity, and caliper. 

Operations associated with drilling completed on H-19b6. 



HYDROLOGIC DRILLHOLE H-19b7 
ABRIDGED HOLE HISTORY 

The following hole history was abstracted from Sandia's daily drilling records. Tailgate safety 
meetings were held each day prior to the beginning of operations. 

NOTE: All depths are measured from ground level. 

7-26-95 Cut off surface casing at H-19b7 location. Moved equipment from H-19b6. Rigged 
up Water Development rig, Dresser T70W, over 14-inch surface casing and established depth 
control for well (v-notch cut in surface casing). Set up mud pumps and shale shaker. Raised 
mast. Tallied drilling assembly, collars, and drill pipe. Made up drilling assembly consisting of 
a 6.25-inch tricone button bit. A smaller bit was used to accommodate wireline coring to be 
done (to start at about 685 ft). Site secured at 1830 hr. 

7-27-95 Moved drill pipe to site and finished rigging up over H-19b7. Filled mud tanks with 
saturated (10-lb) brine and salt gel. Picked up 6.25-inch bit assembly and tripped in hole to 
bottom of surface casing at 38 ft. Broke tower at 1045 hr, began drilling 6.25-inch hole using 
saturated brine and salt gel as drilling fluid. Drilled from 38 ft to 217 ft; circulated hole clean 
and tripped out drill pipe to collars. '"Tight" spot in hole at 150 ft; worked drill bit back and forth 
through zone. Site secured at 18 15 hr. 

7-28-95 Tripped in hole with drill pipe. Back on bottom at 217 ft; circulated hole and 
continued drilling 6.25-inch hole from 217 ft to 357 ft. Circulated hole and tripped out of hole to 
collars. Site secured at 1755 hr. 

7-29-95 Tripped in hole with drill pipe to bottom at 357 ft; hit several "tight" spots. Reamed 
through "tight" spots and circulated hole. Continued drilling from 357 ft to 524.4 ft. Circulated 
the hole and tripped out drill pipe to collars. Site secured at 1800 hr. 

7-30-95 Rig maintenance. Tripped in drill pipe, reamed "tight" spot at about 150 ft. Back on . 

bottom at 524.4 ft. Circulated hole using saturated brine water and salt gel. Continued drilling 
6.25-inch hole from 524.4 ft to 577.4 ft. Because of bit problems it was decided to trip in with 
wireline pipe and "drill" anhydrite with wireline bit "4.833 inches" so there would be an 
acceptable "pilot" hole to stabilize coring at 685 ft. Picked up Christensen-Boyles wireline 
coring assembly (4.833-inch bit) and tripped in on wireline pipe to bottom of hole at 577.4 ft. 
Rigged up and continued drilling a 4.833-inch-diameter hole from 577.4 ft to 592.4 ft. 
Circulated the hole. Site secured at 1745 hr. 

7-31-95 Circulated hole using saturated brine and salt gel as drilling fluid; thinned down mud. 
Continued drilling 4.833-inch hole from 592.4 ft to 647.4 ft. Very hard drilling. Circulated hole 
and pulled back wireline pipe. Site secured at 1800 hr. 

8-01-95 Tripped in wireline pipe to 647.4 ft; reamed through "tight" spots. Circulated hole 
using saturated brine water and salt gel. Continued drilling 4.833-inch hole from 647.4 ft to 
678.6 ft (core point). Very hard drilling. Rigged up split inner barrel and run in on wireline to 
begin coring operation. Started cutting 3.345-inch core at 678.6 ft using Christensen-Boyles 
wireline coring system. Cut core #1 from 678.6 ft to 683.6 ft and recovered 5.0 ft of core 
(100%). Cut core #2 from 683.6 ft to 688.6 ft and recovered 5.0 ft of core (100%). Cut core #3 
from 688.6 ft to 693.6 ft and recovered 5.0 ft of core (100%). Cut core #4 from 693.6 ft to 



698.6 ft and recovered 5.0 ft of core (100%). Cut core #5 from 698.6 ft to 703.6 ft and recovered 
5.0 ft of core (100%). Cut core #6 from 703.6 ft to 708.6 ft and recovered 5.0 ft of core (100%). 
Cut core #7 from 708.6 ft to 712.1 ft; barrel blocked off. Tripped out inner barrel and recovered 
3.5 ft of core (100%). Cut core #8 from 712.1 ft to 715.3 ft; barrel blocked off. Recovered 3.2 ft 
of core (100%). Circulated the hole. Pull back wireline pipe. Site secured at 1845 hr. 

8-0295 Rigged up to core. Established circulation using saturated brine water and salt gel; -- 
however, wireline pipe or coring assembly "stuck." Pulled on wireline pipe and tried to work 
pipe free; unable to move pipe. Decided to unload hole of drilling fluid with compressed air; 
pipe came free. Cleaned up around rig. Rigged up to core, established circulation with saturated 
brine and salt gel. Continued to core using wireline system. Cut core #9 from 715.3 ft to 
720.3 ft and recovered 5.0 ft of core (100%). Cut core #I0 from 720.3 ft to 725.3 ft and 
recovered 5.0 ft of core (100%). Cut core #l 1 from 725.3 ft to 730.3 ft and recovered 5.0 ft of 
core (100%). Cut core #12 from 730.3 ft to 735.3 ft (casing depth) and recovered 4.8 ft of core 
(96%). Finished coring the lower Tamarisk Member of the Rustler Formation. Tripped out 
wireline pipe and coring assembly in preparation for reaming borehole to 12.25 inches. Cleaned 
up coring equipment and secured site at 1800 hr. 

8-03-95 Made up drilling assembly consisting of a 12.25-inch tricone button bit and stabilizers. -- 
Tripped in hole to bottom of surface casing at 38 ft. Began reaming 6.25-inch hole to 12.25 
inches, using saturated brine and salt gel as drilling fluid. Picked up collars. Reamed from 38 ft 
to 297.4 ft; circulated hole and tripped out drill pipe to collars. Some "tight" spots. Site secured 
at 1800 hr. 

8-04-!)5 Circulated hole using saturated brine with salt gel as drilling fluid. Continued reaming -- 
6.25-inch hole to 12.25 inches from 297.4 ft to 564.7 ft. Circulated hole and tripped out drill 
pipe to collars. Site secured at 1830 hr. 

8-05-!P5 Tripped in drill pipe. Circulated hole using saturated brine with salt gel as drilling -- 
fluid. Continued reaming 6.25-inch hole to 12.25 inches. Reamed from 564.7 ft to 678.6 ft. 
Problems with hard drilling in anhydrite. Hole size had been reduced to 4.833 inches at 678.6 ft. 
Continued reaming hole to 12.25 inches from 678.6 ft to 682 ft. Circulated hole and tripped out 
drill pipe to collars. Notified State Engineer's office and cementing company of pending casing 
job. Secured site at 1800 hr. 

8-06-'95 Rigged up to trip in drill pipe, but had problems with gate latching on top head drive. -- 
Repaired and tripped in drill pipe to bottom at 682 ft. Circulated hole using saturated brine with 
salt gel as drilling fluid. Continued reaming 4.833-inch core hole to 12.25 inches from 682 ft to 
733.6 ft (casing depth). Circulated and conditioned hole to run casing. Tripped out drill pipe, 
collars, and bit and stabilizer assembly. Staged fiberglass casing and made up combination 
casing shoe-float collar. Site secured at 1730 hr. 

8-07-95 Inspected and tallied 27 joints of Centron DHC 300, 7-inch, 5.7 lblft, fiberglass -- 
casin,g. Placed a combination guide shoe-float collar on bottom of first joint. Rigged up and 
started running casing. Finished running 27 joints of casing, landing the bottom of guide shoe at 
731.01 ft at 0930 hr. BJ-Western Cementing company on site at 0935 hr. Centralizers were 
placed on the top of guide shoe-float collar and on top of casing joints numbers 1, 3,6, 9, 12, 15, 
18, 2.1, 24, and 25. BJ-Western rigged up circulation head and broke circulation at 1050 hr. 
Commenced cementing operations at 1055 hr and pumped a slurry that included 70-30% 



pozzolan cement with 5% salt, 2% bentonite followed by a tail cement slurry consisting of Class 
C cement with 2% calcium chloride. Plug was dropped, pumped down, and bumped at 1134 hr, 
and cementing head was shut in. State inspectors on site during cementing operations. Cement 
was circulated to the surface putting about 1 18 sacks of cement in pits. Demobilized BJ-Western 
and cleaned up. Wait on cement. Standby. Secured the site at 1800 hr. 

8-08-95 Standby. Wait on cement. Crew steamed off collars. At 1330 hr picked up 
5.875-inch bit and drill pipe and tripped in the hole to cement fill at 709 ft. Circulated hole and 
began drilling out cement. Continued drilling cement from 709 ft to 735.9 ft using saturated 
brine as drilling fluid. Circulated hole and tripped out drill pipe and bit. Site secured at 18 15 hr. 

8-09-95 Inspected core barrel and bit. Moved in wireline pipe and picked up Christensen- 
Boyles wireline coring assembly (4.835-inch bit to cut 3.345-inch core) and tripped in hole on 
wireline pipe to bottom of hole at 736.0 ft. Rigged up inner barrel assembly. Changed over to 
coring using compressed air as circulation fluid. Unloaded hole with compressed air. Core run 
numbers will continue where coring left off August 2, 1995. Cut core #13 from 736.0 ft to 
741.0 ft and recovered 4.6 ft of core (92%). Hit upper contact of the Culebra at 739.5 ft. Cut core 
#14 from 741.0 ft to 746.0 ft and recovered 4.9 ft of core (98%). While running in hole with 
inner barrel on wireline, the inner barrel unlatched and fell to bottom, ruining core catcher and bit 
assembly. Tripped out wireline pipe and coring assembly. Broke down core barrel, seemed all 
right, will wait for replacement parts. Site secured at 1807 hr. Crew on break (days off). 

8-10-95 No drilling activity. Crew on break. 

8-11-95 No drilling activity. Crew on break. 

8-12-95 No drilling activity. Crew on break. 

8-13-95 No drilling activity. Crew on break. 

8-14-95 No drilling activity. Crew on break. 

8-15-95 No drilling activity. Crew on break. 

8-16-95 Reworked core barrel; made decision to drill one ft of new hole with bit to try to drill 
up core catcher "fish." Changed plans. Called Lea fishing to try to recover "fish" with a magnet. 
Made numerous trips in hole with magnet, but not able to recover "fish." Site secured at 1830 hr. 

8-17-95 Decided to trip in core barrel and try to core over "catcher." Tallied wireline pipe, 
picked up coring assembly, and tripped in hole to 746.0 ft. Changed over to core using 
compressed air as circulation fluid. Unloaded hole with compressed air. Core runs numbers will 
continue where coring left off August 9, 1995. Cut core #15 from 746.0 ft to 750.2 ft and 
recovered 2.6 ft of core (62%). Cut core #16 from 750.2 ft to 754.7 ft and recovered 3.0 ft of core 
(67%). Recovered several small pieces of metal from catcher. While retrieving inner barrel, 
swivel came loose so will trip wireline pipe and core barrel. Tripped out and made repairs. 
Tripped back in hole to 754.7 ft. Continued coring from 754.7 ft using compressed air as coring 
fluid. Cut core #17 from 754.7 ft to 759.7 ft and recovered 4.3 ft of core (86%). Cut core #18 
from 759.7 ft to 764.7 ft and recovered 2.7 ft of core (54%). Hit lower contact of the Culebra 
with the unnamed lower member at 764 ft. Cut core #19 from 764.7 ft to 768.0 ft where core 
barrel blocked off. Recovered 1.7 ft of core (52%). Cut core #20 from 768.0 ft to 773.0 ft and 
recovered 4.0 ft of core (80%). Cut core #21 from 773.0 ft to 778.0 ft and recovered 5.0 ft of 



core (100%). Cut core #22 from 778.0 ft to 783.0 ft. Recovered 5.0 ft of core (100%). 
Completed coring at a total depth of 783.0 ft. Circulated the hole. Site secured at 1730 hr. 

8-18-95 Tripped out wireline pipe and coring assembly. Moved out wireline pipe. Moved in -- 
drill pipe. Picked up 5.875-inch tricone bit to ream core hole. Tripped in hole with bit and drill 
pipe to 735.9 ft. Rigged up air head getting ready to ream core hole. Unloaded hole with 
compressed air. Using compressed air as drilling fluid; reamed core hole with 5.875-inch bit 
from 735.9 ft to 783.0 ft and drilled new hole to 785.0 ft (TD). Circulated hole and tripped out 
drill pipe and bit. 

8-19-95 To keep the hole from collapsing below the Culebra, it was decided to place a PVC -- 
liner in the unnamed lower member of the Rustler Formation. Picked up 5.875-inch bit and 
tripped in hole with bit and drill pipe to re-ream hole back to total depth of 785.0 ft. Unloaded 
hole using compressed air and re-reamed hole. Rigged up a 19.97-ft joint of PVC (5.5-inch OD 
and 41.88-inch ID) on a Baker inflatable packer and tripped liner assembly in hole on drill pipe. 
P1ace:d liner in hole covering an interval from 762.5 ft to 782.5 ft. Deflated the packer. Packer 
was checked and was free from liner. Moved packer up hole and reinflated above liner to be sure 
liner was left in hole. Checked out OK. Tripped out packer and drill pipe. Rigged down packer 
and drill rig. Moved rig off hole to H-19b4. Site secured at 1800 hr. 

NOTE: Moved back to H-19b7 on September 5, 1995, to complete geophysical logging of hole. -- 
9-05-95 U.S. Geological Survey on site to complete final geophysical logging. Logs run on -- 
H-19b7 included natural gamma, neutron porosity, and caliper. Rigged down from hole and 
moved to H- 19b2. 

Operations associated with drilling completed on H-19b7. 
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IMPOBTANT-READ INSTRUCTIONS ON BACK BEFORE FILLING OUT Tills FOUM 

APPLICATION F O R  PERMIT 

To Appropriate  t h e  Undoreround Watera of t h e  S t a t e  of New M e x i w  

Date Received November 14, 1994 File No. C-2420 
I. Name01 applicant U. S. Department of Energy, Carlsbad Area Office 

M a i l b ~  addresa P- 0- BOX 3090 
city state Carlsbad. Aev Uexico 88221-3090 

2. Source 01 ra t e r  supply Artesian . located in Carl~bBd Basin 
(utesian or shallow racer aquifer) (nuns 01 uoderpouod basin) 

3. The well is to be locaced in rbe SE W U %, Section 28 T o m h i p  22s 
b ~ e  31E B.M.P.M., ot ~ r a c c  NO.-[ ~ a p  ~o.-f h e  District. 
00 land 0m.d by U. S. Deuartment of E n e m  

4. Description o l r e l l :  o.me of  driller 8-19bl. Test Well. Hlf Licensed driller b-cd 
Outside Diameter 01 casing 9.12 incbes; Approximate depth to be d r i l l e d ~ l e e t ;  

5. Qumtity of rmtet to be approprimted and benelicially used COPSIPP~~V~. 10 acre feet. 
(consumptive use, divcroion) 

for Bydrologic characterization and testing purpose.. 

6. Acreale to be itrilatcd or place 01 u.e acre.. 

Gubdlvlaion SccUon Tom.hlp Rmga Acres 0 m t r  

7. Additional stacccnmts or explanation. * - 
t 

Item 4 The contract selection process for a Rev Uexlco licensed driller is 
undexuay. A well desinn with amroxirate depths is attached. 

Item 5 The hole vill be t ed 3 
characteristics of the Culebra m d e r  of the -er 
the lifetire of the t-s-- of-? W t e l y  
20 acre feet vl l l  be used 
-ism well for 

is to he the 

tracers being processed swaratelv.) The data from these t e e t o  

Uote: An amended forr or a letter will be sent to the State -'s 
office if and to the infarvVI- -- 

c - 
#-. 

E 

I. Harold C .  y laut  ~r . atf im chat rbe forcp1.8 sisccmrnta .re m e  to rbe b e s t d m y  h o r l e d ~ e  
.nd behef asd h a t  development shall mot commence usul approval 01 the pcmtt has bee- ohr rnek  - 8 

- 
- - 
w 

Subscribed sod sworn ro before me chis Nin th  , A.D.. 1940 . 
LO. commission expire. A ~ r i  1 29. 1997 

Nocuy Public 



ACTION O F  STATE ENQlNEEB 

Aher oorice purruvlt to stamre .od by surhoriry res ted  in me, this applicarion i s  *pprorcd pmridrd ir i s  nor exercised 
to h e  d e u k e m t  of  m y  oher ,  h.rio8 existins ri8brr; b n h c r  pmridcd &*I sII N L C S  .nd  replmrion. of rhe P a t e  Eo'i- 
ncer pcnainins to rhe &illins 01 artesian well8 k complied with; .od  iunhcr subject to rhr followin' 

SEE ATTACHED CONDITIONS OF APPROVAL 

Proof of completion of well sball be filed on or bcforc N/A . 19- 
P w f  of applicsuon of r a t e r  to beneficial use  shall be Iilcd on or before N/A , 19- 

srK 
Wimesa my band and seal this 23- day of January 9 5 , A.D.. 19- 

ate Ennineer 

Tbis  form shall be erccured, preferably cypcrrirtcn. in criplicace and rhzll be accompsnicd by s filins Ice of  $5.60. 
Each of  triplieare copies musc be propcrly s i p e d  and artcsced. 

A aepsnre  spplicarion for permir mis t  be filed lor each well used. 

S c s .  I - C F i l l  out all blanks fully and accurarely. 

Sec. S-lrri881ion use rhsll  be r u l e d  in  rcrc f r e t  of v a l e t  per acrc per -nun tobe applied on l c  1-d. If for 
municipal or olhcr purposes. starc total quantity in rcrc  feet lo bc used annually. 

S c .  &-Dracribeonly b e  lmads ro be irriaatcd or rhcre  rater r i l l  be used. If on usurvcycd lands describe by 
I e p l  subdirision "as pmjectcd" fmm the ncsresl s o ~ c r n m m l  survey corners, or describe by IIICICS m d  bounds m d  ric 

Nncl to w o e  pemanenr, easily Locared narural objecr. 

See. 7-11 Imads .re in iss ted  froan any other source, czplain in this sccrion. Give any other data necessary to 
fully describe rater rilht soulhc. 
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Ground Surface Elevation 

14" 93 IML Conductor Casing 

Dewey Lake Red Beds 
12.25" Reamed Borehole 

9.12" Firglass Well Casing 

Forty-Niner Member 

t 
o Magenta Dolomite 

t - 
C 
V) 
=I 

Tamarisk Member 

unnamed bwer member 

7 
903 Salado Formation 

N O ~ :  Depths in feet approximate 
Nottoscale 

Date: 01lO5194 
Ref. JBPfBh0kl8/85 



P!EFFhlIT N O .  : C-2420 

PISEfITTEE : U.S .  Department of Energy, Carlsbad Area Of f i ce  

1. The t o t a l  d ive r s ion  of a r t e s i a n  groundwater from the Culebra 
?lember of the Rus t l e r  Format-ion under t h i s  permit k i l l  be 
i imi t ed  t o  10.0 ac re - f ee t  per  annum measured a t  t he  t iell  and :i 

t o t a l  of 20.0 ac re - f ee t  per axmum measured a t  the  well  during 
the  l i f e  of t h i s  permit .  

2 .  A t o t a l i z i r ~ g  meter of a  type approved by and i n s t a l l e d  in  a 
manner and a t  a l oca t ion  accept.able t o  t h e  S t a t e  Engineer 
s h a l l  he i n s t a l l e d  before the f i r s t  branch of the  discharge 
l i n e  from the we l l :  the S t a t e  Engineer s h a l l  be advised of the  
make, model. s e r i a l  number. da t e  of i n s t a l l a t  i o n ,  and i n i t i a l  
reading of the meter p r i o r  t o  appropr ia t ion  of wa te r .  

3 .  The pemlitcee s h a l l  record t h e  meter reading i n  wr i t i ng  on the 
f i r s t  day of January.  A p r i l ,  J u l y ,  and October o f  each :.-ear 011 

A form acceptab le  t o  the  S t a t e  Engineer and submit s a id  
reading t o  the S t a t e  Engineer on o r  before  the  10th da!- of 
Ja~luar}-,  Apr i l ,  J u l y ,  and October of each yeas .  

4 .  The well  s h a l l  be constructed t o  a r t e s i a n  s p e c i f i c a t i o n s .  I f  
;my dev ia t ion  from art-esi:.in spec i f  i c a t i o n s  is required.  i t 
must be appro\;eci b>- t h e  S t a t e  Engineer. The S t a t e  Engineel 
D i s t r i c t  I1 Off ice .  "n)sr;ell, s h a l l  be n o t i f i e d  i t  ~rinirn~im n f  -2s 
hour-s p r i o r  to  the  casing being landed ilnd/or cementrtl. 

5 .  The S to re  Engineer s h a l l  '!)e ;ld\.ised 45 hours i n  _idq,-ant:? * ) f  tllr 
beginning of any pumping t e s t s .  

6 Well C-2420 s h a l l  be I - i r i l l ed  b\- :.I d r i l l e r  l i censed  i l l  t h ?  
r a t e  of New !Iesi~l:) i n  accordance k i t h  72-12-12 Xew Yesic!! 
S t a t u t e s  amlotat-ed. 

7 .  This  permit s h a l l  terminate upon rhe completiorl ~ ? f  th? ?lquif?r 
t e s t i n g ,  o r  on Januar>- 3 1 .  1993, iil~ichever. i s  ral-1 i e ~ .  



APPLICATION FOR PERMIT 

T o  Appropr ia t e  t h e  Underground Waters  of t h e  S t a l e  of New Mexico 

Dmte Received November 14. 1994 File No. C-2421 
1. Name of  app~ i~ . .~  U. S. Department of Enerm, Carlsbad Area Off ice 

Mailioa address P. 0- BOS 3090 
Ciry and State Carlsbad. Nll 88221-3090 

2. Source of water supply Artesian , 10c.tcd in Carlsbad Basin 
(ureaian or sballov water aquifer) (name of underpound bssio) 

3. The well i s  m be located io the SE !4 U SV I/.. Section 28 Townhip 22 S 
R ~ g e  31 E N.M.P.M., ox Tract No.-1 Yap No.-f Ibe =strict. 
oo laad owned by 0. S. D e u w n t  of Enerev 

4. Dcscriprion of well: of drillet &19b2. Test W e l l ,  N- I .  Licensed Driller Being ~ e l ~ c t e d  

Outside Diameter of casine 7 inches; ~pprnxim'ate depth to be drilled 790 feet; 

5. QUMtiay of water to be approprimred and benefici.lly used Con-tive. 1 acre feet, 
(consumptire use, diversioo) 

tot Wdrologic characterization and testing purposes. 

6. A c t c a p  IO be irrigated or plmce of use HIA .acres. 

Acre. 

7. Additional stmtemeots or cmI.n.tions 
It- 4 The contract selection process for a New llerico licensed d r i l l e r  i s  

undernay. A well des im vith a ~ v r o r i r a t e  depths is attached. 

Item 5 The hole will be completed fn the Rustler Formation. This bole w i l l  
be used f o r  long-term mo- of -ic 
character is t ics  of th r  Culebra m-hrr of -r 
the l i f e t i r e  of the tr-- 2-3 2-1 + te ly 
2 acre fee t  -Ireusea -11 is to ho nriracUy 
an -if tyator ram+- (B+auesto 
use t racers  beine vrocessed swara-v .) m e  data from these tes t s  is 
t a b -  qged I n  rhr YIEep ' .nrP- 

'Rote: An Plended form or  a l e t t e r  VFU be sent t o  the State Engineer's 
Office i f  an uhw any s-ficant additions t o  the information 
enclosed a r e  necessary. 

1. H a r n l d  F v1 =I,- ,It- , dfim thmt che forepi06 mirtemcaes arc m e  to the brsr o! m i  knorledge 
~d belief mod that dercloprnent shall not commence undi .ppro.ml 01 the pemir baa beer obtained. 

U.S. W r t m e n t  of Eneray . Pernittee. 

BY: 

Subscribed and sworn IO before I O ~  this N i n t h  * day of- _, A.D., I9 '44 . 
My commission e q i t e s  A ~ r i  1 79. 1997 

f f o t y  Public 



ACTION O F  STATE ENGINEER 

Aher noucc pursuant to scamrc l a d  by muhority reared im me. rhia applicadon ia approved pmrided i t  im nor cxerciaed 
m Ibe deahenr of any others hariog exisring right.; further pmrided that d l  rules md  replsciona of h e  Scare b l i -  

nee1 p e n a h h g  IO the drilling of artesian wells be complied with; and funher aubjecc to the folloriml 

condidoos: 

SEE ATTACHED CONDITIONS OF APPROVAL 

Prool of cornpleuon of well shall be filed on or before 
N I A  

19- 

P m f  of npplicadon of water to beneficial use shall be filed on or bebre N'A , 19 

T i s e a s  my hand and aeal chi. day of 9 5 January . A.D.. 19- 

INSTBUCTIONS 

This form ahall be executed, preferably typrrrircca, in rriplic81e and shall be accmp.nied by a filin; fee of S5.W. 
Each of uiplicsrc copies musr be properly r i p e d  uld stcesrcd. 

A mepanre application lor pennir muac be tiled for each well used 

S c r .  1 - C F i l l  our all blanks fully and accurately. 

S c .  +lrri'arion uar ahall be araccd in acre fecc of rarer pcr acre per mnwn robe applied on  thc 1-d. If lor 
municipal or orher purposes, .rare wtal quantity in acre feet to be used annually. 

S c .  bDcacribeonly h e  Lands IO be in i~a red  or where wacn r i l l  be used. If on unauneyed I u d a  describe by 
l c p l  aubdiviaion "as proiecred" from rhe nesrear government survey comers, or detcribc metea and k d a  .nd lie 
auney tn wme peamanens, easily locsred natural object. 

Ss. 7-11 lands u e  inigared from u y  other aoutee, explain in this aecrion. Give any orher data necesa.q ro 
tully describe varct right mugbc. 



Ground Surface Elevation 

Holocene Dewsits \.' 

1.75" 47 IM Conductor 
40 

Dewey Lake Red Beds 
1 0.75" Reamed Borehole 

7" Fiberglass Well Casing 
596 

L 

Forty-Niner Member 

I 
C 
0 - c. 
Q 

Magenta Dolomite 11 
E 

Member 

Culebra Dolomite 7-'-1 ~ 4 . 8 3 ~ 0 r 6 . 1 2 5 " O p e n H o k  

I unnamed lower member 
Total Depth 803 

t 
903 Salado Formation 

Casing 

Note: Depths in feet approximate 
Not toScale 

Dam: 01105194 
Ref: JBPIBhdel8185 



PER?lIT NO. : 

PEF;MITTEE: L7.S. Department of Energy, Carlsbad Area Off ice  

1 .  The t o t a l  d ive r s ion  of a r t e s i a n  groundwater from the Culebri~ 
Yember of t he  Rus t l e r  Formation under t h i s  permit w i l l  be 
l i m i t e d  t o  1 .0  acre-foot  per  annum measured a t  the wel l  and a 
t o t a l  of 2 . 0  ac re - f ee t  per annum measured a t  the  k e l l  during 
t h e  l i f e  of t h i s  permit.  

2 .  A t o t a l i z i n g  meter of a type approved by and i n s t a l l e d  i n  a 
manner and a t  a l oca t ion  acceptab le  t o  the S t a t e  Engineer 
s h a l l  be i n s t a l l e d  before  t he  f i r s t  branch of the discharge 
l i n e  from the  w e l l ;  the  S t a t e  Engineer s h a l l  be advised of the  
make. model, s e r i a l  number, d a t e  of i n s t a l l a t i o n .  and i n i t i a l  
reading of the  meter p r i o r  t o  app rop r i a t i on  of water .  

3 .  The permit tee  s h a l l  record t h e  meter read ing  i n  wr i t i ng  on the 
f i r s t  day of January,  Apr i l ,  J u l y ,  and October of each year on 
a form acceptab le  t o  t he  S t a t e  Engineer and submit s a id  
reading t o  tile S t a t e  Engineer on o r  before  the 10th day of 
January.  A p r i l ,  J u l y ,  and October of each year .  

4 .  The wel l  s h a l l  be cons t ruc ted  t o  a r t e s i a n  s p e c i f i c a t i o ~ ~ s .  I f  
any devia t ion  from a r t e s i a n  s p e c i f i c a t i o ~ l s  is  requir.ed, i t  
must be approved by the S t a t e  Engineer.  The S t a t e  Engineel-. 
D i s t r i c t  TI Off i ce ,  Roswell, s h a l l  be n o t i f i e d  a niinim~uli of 4s 
hours  p r io r  to the cas ing  being landed andlor  ceniented. 

5 .  The S t a t e  Engineer s h a l l  be advised 4 8  hours i n  advance of thr 
beginning of any pumping t e s t s .  

6 .  Ke l l  C-2421 s h a l l  be d r i l l e d  by a d r i l l e r  l i censed  in  tho 
S t a t e  of New Yesico i n  accordance wi th  72-12-12 X e w  !lesic:o 
S t a t u t e s  annota ted .  

7 .  This  permit s h a l l  terminate upon the  completion of the aqu i f e r  
t e s t i n g ,  or on January 3 1 ,  1998. whichever i s  e a r l i e r .  



IMPORTANT-READ INSTRUCTION8 ON BACK BEFOPE FILLING OUT THIB F O W  

APPLICATION FOR PERMIT 

To Appropriate the Undergmund Waters of the Stata of New Mexico 

Date Received November 14, 1994 File No. C-2422 
1. Name 01 .pp~ic.nt 0. S- Department of Enerm. Carlsbad Area Office 

M.iling address P- 0- BOX 3090 
City uid Sure  Carlsbad. Nn 88771 -31190 

2. Source of r a t c r  supply Artesian , located in Carlsbad Basin 
(mrteaiao or shallow wster ~quifer)  (name of underground basin) 

3. The well i s  to k located in the SE !4 NE !4 x,  Section 28 Toraship 22 S 
R u l e  31 E J.M.P.M., or Tract N o . o l  Map No.-f tbe District. 
on land o m e d  by I]. S. De~artment of Enerev 

4. Description of well: name of driller 8-19b3. Test Well. N.I. Licensed DrFUer Being Selrcted 

Ou~s idc  Diameter of carin8 7 inchen; ~ p ~ t o x i ~ a t e  depth to be drilled 790 feet; 

5. Q u u t i y  of wmter to be appropriated and beneficially used &-Live9 1 acre feet, 
(coonumptire uae, diversion) 

for Eydrologic characterization and testing prpoaes. 

6. A c r e s p  m be irrigated or place of use NIA acre.. 

Subdlvlalon SecUon T o m e h l p  R u s e  Acre. owner 

7. Additional stmtcments or ~Xpl.n.ti0nl r.2 F -  
Item 4 The contract selection process for  a Rev Mexico l i censed~dr i l l e r  is 

' uaderuay. A well des im v i th  approximate depths is attached. 

Item 5 The hole w i l l  be c a p l e t e d  i n  the Rustler Foxmation. This hole vill 
be used for loan-term m v  and -of the 
characteristics of the C u l e b r a d e r  of the -r 
the lifetime of the of ~ ~ 1 1 .  7-7 w. ' te ly 
2 acre feet  mused1 1 is rn  he n r s y  -- 

an rforar-r *-s+a ( B w u e s t o  
use tracers beinn urocessed s e ~ a r a t * ~ )  The data from these t m i s  

note:  A n  mended fom or a l e t t e r  v i l l  be sent t o  the State Engineer's 
Office i f  an when any sirmificant additions to  the i n f o ~ t i o a  
enclosed are  necessary. 

I. Harnld F K l a ~ l c  .IF , ailinn that the foreping sta~cmcnts .re irve tn the beat of my knowledge 
mud belief .ad that development sh.11 not commence uoul appcov~l of the permit ha. beev obtained. 

U.S. D w r t m e n t  o f  Energy . Penailtee. 

Subscribed nod sworn to before me this Ninth  . A.D.. 1 9 9 4  . 
MY co-is.io. erpirem Apri  1 29, 1997 

N o t y  Public 



ACTION O F  STATE ENalNEEP 

A h c r  wricc  p u r r u ~ t  to s t m ~ t e  ~d by muthotiq vesrcd i s  me, this applic.tion i s  approved provided it  i s  nor exercised 
m B c  de0Lc.t of m y  others having existin8 ri8htr; funher pmridcd ch.t all N ~ C S  m d  repla t ion-  of the S a t e  Enli- 

mcer p m s i o i a l  to the drilling artesian well. be complied rich; m d  h n h e r  subicct to the lollorin# 

conditions: 

SEE ATTACHED CONDITIONS OF APPROVAL 

P w f  of completion of well ahall bc filed on or before N/A , 19- 

PIoof of .pplication of  r r r e r  to bcncficial u r e  shall be filed on or before NiA 19- 

Vtmeae my hand mnd aeal this 25 7kl of  Januarv . A.D.. 1 9 9 5  

sor 

'Ibis f o m  ahall be executed, prcfcrmbly typcwrittm, in u i p l i c a ~ e  and shsll bc accompanied by m filios fee of $5.60. 
Each of triplicate copies must be properly s i a c d  ~d attested. 

A s c p a n t e  application for permit must be filed for each well used. 

S c s .  I-4-Fill out all blanks fully and accurately. 

k c .  S--lrrisation use shall be stated in acre fccr of water per acre per m o m  tobc applicdon the Imd. If for 
m 4 c i p . l  or other putposes. s ta tc  fatal quantity in acre  feet to k used annually. 

S.c. ~ D c a c t i b e o n l y  the lands m be inisaced o r  where water will be used. If on anaurreyed I m d s  deacribc by 
leaal subdivision "as proiccted" Imm the ncarcat 8ovemmcnr survey corners, or dcacribc by mctea m d  bounds and tic 
survey m w m e  pemaoent,  easily locsted natural obicct. 

S c .  7-11 Iaods .re i n i p t c d  fmm m y  other source, crplain in this section. Give m y  other data mecesaary m 
k l l y  describe rmtcr riaht soufit. 



Ground Surface Elevation 

1.75' 47 Ibm Conductor 

Dewey Lake Red Beds 
10.75" Reamed Borehole 

7" Fiberglass Well Casing 

Forty-Niner Member 

C 
0 .- 
C 

Magenta Dolomite 

w 

Tamarisk Member 

Member 

4.83' or 6.1 25" Open Hole 

unnamed bwer member 
Total Depth 803 

'03 Salado Formation 

Casing 

Note: Depths in feet approxi mate 
Not to Scale 

Date: 01ED5194 
Ref: JBPIBholel8185 



PER?lIT NO. : 

PERYITTEE: U . S .  Department of Energy, Carlsbad Area Off ice  

1. The t o t a l  .d ivers ion  of a r t e s i a n  groundwater from the  Culebra 
Member of t h e  Rus t le r  Formation under t h i s  permit k i l l  be 
l imi t ed  t o  1 . 0  acre-foot  per annum measured a t  the well  and a 
t o t a l  o f  2 . 0  acre- fee t  per annum measured a t  the well dur ing  
t h e  l i f e  of  t h i s  permit.  

2 .  A t o t a l i z i n g  meter of a type approved by and i n s t a l l e d  i n  n 
manner and a t  a l oca t ion  acceptable  t o  the  S t a t e  Engineer 
s h a l l  be i n s t a l l e d  before the f i r - s t  branch of the d ischarge  
l i n e  from t h e  wel l :  the S t a t e  Engineer s h a l l  be advised of the  
make, model, seL i a l  number, da t e  of i n s t a l l a t i o n ,  and i n i t i a l  
reading of the meter p r io r  t o  app ropr i a t ion  of water.  

3 .  The permi t tee  s h a l l  record the meter reading  i n  wr i t i ng  on the 
f i r s t  day of January,  Apri l .  J u l y ,  and October of each year  on 
a form acceptab le  t o  the S t a t e  Engineer and submit s a i d  
reading t o  the S t a t e  Engineer on o r  before the 10th cia>- of 
January,  Apr i l ,  Ju ly .  and October of each yeas.  

4 .  The wel l  s h a l l  be constructed t o  a r t e s i a n  s p e c i f i c a t i o n s .  I f  
any dev ia t ion  froni a r t e s i a n  s p e c i f i c a t i o n s  is sequired,  i t  
must be a p p r o ~ ~ e d  by the S t a t e  Engineer. The S t a t e  Engineer. 
D i s t r i c t .  11 Off ice .  Roswell. s h a l l  be n o t i f i e d  a ~i~inimum of  48 
hours p r i o r  t o  the casing being landed and/ o r  cenlented. 

5 .  The S t a t e  Engineer s h a l l  he ijdvised 48 hours in  advance d f  the 
beginning of an?- pumping t e s t s  . 

6 .  Ke l l  C-2422 s h a l l  he d r i l l e d  by 3 d r i l l e r  l icensed in  the 
S t a t e  of %el< ?iexico i n  accordance k;it!l 72-12-12 Sew Yexicv 
S t a t u t e s  amlotateti. 

7 .  This  permit s h a l l  r.erminate upon the  cui~lpletion of the a q u i f e r  
t e s t i n g .  o r  on January 31. 199s. rcilichever is e a r l i e r .  



IMPORTANT-READ INSTRUCTIONS ON BACK BEFORE F l L L I N a  OUT THIS F O U  

APPLICATION FOR PERMIT 

To Appropriate the Underground Waters of the Stale of New Mexico 

Date Received November 14. 1994 File No. C-2423 
1. N . ~ C  01 .pplic.nt U. S. Department of Enerm. Carlsbad Area Office 

- - - - 

~ s i i i ~ ~  .ddre.. P. 0. Box 3090 
City and State Carlsbad. Nn -0 

2. Source of rater  supply Artesian , located in Carlsbad Basin 
(utcsiao or ahmllow water aquifer) ( a w e  01 vllderyoud h a i r )  

3. The welt ia m be located in rhc SE % % SU I/., Section 28 Tomahip 22 S 
R M ~  31 E f4.M.P.M.. or Tract No.-f Map No.-f the District. 
00 1-d o m r d  b,. I]. S. Deoartment of Enerm 

4. Deacriptioo of well: 0-e of  driller 8-19b4. Test well. N-11. Licensed Driller Being Selycted 
Outside Diameter 01 caring 7 inches; ~ p p r n r i ~ a t e  depth m be drilled 790 fccr; 

5. Quuticy of rater  to be appropriated and beneficidly used COUSUEP~~V~, 1 acre feet, 
(consumpcire uae, diversion) 

for Hydrologic characterization and testing prpoars. 

6. Acreale lo be inilated or place 01 uae NIA -acre#. 

bubdlvlrlon SecUon Townnblp R m ~ r  Acre. Owner - 
e ---- - 

---- - .  - ---- C L  

I- 

7. Additional atatmeat. or emlsnadona 
Item 4 The contract selection process for a New M&co licensed driller is 

IInde~a~. A well design with approrlrate depths is attached. 

Item 5 The hole vill be completed in the Rustler Formation. This hole viU. 
be used for lo--term 10- and -of& 
characteristics of the C-r of t h ~  -r 

t h e l i f e c i n  2-3 -tely 
2 acre f e e m - 0  -01 1 + tn hr @amrJLy 
an y i r  t~rm=r ra-r (Beouesro 
use tracers beins orocessed aro-.) The data f r m  -h 
to br. tlged In the UTPP n-rf-. 

Note: An amended form or a letter U be sent to the State Engineer's 
Office if an &en any significant additions to the information 
enclosed are necessary. 

-- 

re/d F k?/a d 3~ . .rern that a. foresing autntcac. .re m e  m a e  best of my knorlcd8e 

and belicf and that development shall oot couunmce vaul approral of rhe pcmir baa bee. obtained. 

By: 

Subacribcd mad sworn to before me this 

MY cammiasion expires A!FIa/ 29,./997 
N o s y  Public 



ACTION O F  S T A T E  E N Q l N E E B  

Afrer w J c e  p~uauaat m StaNte ~d by aurhorir). reaced in me, this .pplic.tioo im approved pmvidcd it i s  not erercia*d 
m rbe d c a t c n t  of m y  or bet^ havi.6 existing righrs; tunbcr provided that all mle. ~d replaciona of rhe S a t e  Engi- 
neer pcruiniog to B e  billing of a r t e s i an  re l l a  be complied r i b ;  and hrtbcr aubjecr to rhe lollorin; 
conditioms: 

S E E  ATTACHED CONDITIONS OF APPROVAL 

Ploofol coopletinn of well ahall be filcd oo or before N/A , 19- 

Pmol of ~pplicalion of water to beneficial use shall be filed on or bebre N / A  . 19- 
.imeaa my bmnd and sea1 Bia 25 2&- day of January , A.D.. 19 95 

sor  

INSTRUCTIONS 

This for* ahsll be executed, prefoably typerrirten, in uiplicate and ahall be accompnied by a filing fee of 1S.W. 
Each of triplicate copies muat be properly signed md attested. 

A acpsnce mpplicacion lor pennit must be filed for each well used 

Scca. 1-C-Fill out all blanks fully and accurarely. 

S c .  M r r i t a t i o n  use ahall be aured In acre feet of rater po acre per anmum tobe applied on Be land. I1 b r  
muic ipd  or olher purposes. atare coral quantiry in acre fcrt to bc used .naually. 

k. &Dcacribronly Be lands m be inigstrd or rhmrc r s t r r  r i l l  br used. I1 on uoauneyed Lands describe by 
l e r l  aubdiviaion "as projected" Iron B e  nearest premacnr survey comers, or describe by metes and bounds .nd tie 
auney o wme p*m.nent. easily locared natural object. . . 

Scc. 7-11 l u d s  .re inigmred from MY other wurce, caplain in this section. Give any othcr data neceaa.* m 
fully deactibr rarer ri&r wuybt. 



Ground Surface Elevation 

Dockum Group 
1.75" 47 lbm Condudor 

Dewey Lake Red Beds 
10.75" Reamed Borehole 

7" fiberglass Well Casing 

Forty-Niner Member 

e fn 
Tamarisk Member 

4.83' or 6.1 25' Open Hole 

unnamed lower member 

I 
'03 Salado Formation 

Casing 

Now: Depths in feet approximate 
Not to Scale 

Date: 01- 
Ref: JWIBhole 18/85 



PER?IIT SO. : 

PERYITTEE: 

C-2423 

U.S. Department of Energy, Carlsbad Area Office 

1. The t o t a l  d ive r s ion  of a r t e s i a n  groundwater from the Culebra 
3ember of t he  Rus t ie r  Formation under t h i s  permit c < l l l  be 
l imi t ed  t o  1 .0  acre-foot  per  annuill measured a t  the  cell <ind a 
t o t a l  a f  2.0 acre- fee t  per annwn llieasured a t  the  well  during 
the l i f e  of this permit. 

2 .  A t o r . a l i z ing  meter of a type approved by and in s t a l l e l l  i n  a 
manner and a t  a l oca t ion  acceptable  t o  the S t a t e  Engineer 
s h a l l  he i n s t a l l e d  before the f i r s t  branch of the discharge 
l i n e  from the  wel l ;  the S t a t e  Engineer s h a l l  be advised of the  
make, model, s e r i a l  rluinber , da te  of i n s t a l l a t i o n .  and i n i t i a l  
reading of t he  meter p r i o r  t o  appropr ia t ion  of water .  

3 .  The permi t tee  s h a l l  record the meter reading i n  ~ r i t i n g  on the 
f i r s t  day of January. Apr i l .  Ju ly .  and October of each year- on 
a form acceptab le  t o  the  S ta t e  Engineer and submit s a id  
reading t o  the S t a t e  Engineer on o r  before the 10th d . 3 ~  of 
January,  A p r i l .  Ju l l - ,  and October of each year .  

4 .  The wel l  s h a l l  be constructed t o  a r t e s i a n  spec i f i ca t ions .  I f  
any d e v i a t i o n  fl-on1 a r r e s l a n  spec i f i  c:it.i~ms is requi red .  i t  
~ r ~ u s t  be approved I)>-  t.he S t a t e  Engineer.  The S t a r e  Engrneer. 
D i s t r i c t  I1 Off ice .  R o s ~ e l l ,  s h a l l  be n o t i f i e d  a 111i1litnun3 jf h8 
hours p r i o r  t o  the cas i11g bein2 landed :~ndlu i  cen~entrrl. 

5 .  The S t a t e  Engineer s h a l l  he advised $8 h u u ~ s  i n  rid\-snip ,:f tfle 
beginning of any pumping t e s t s .  

6 .  Well C - 2 4 2 3  s h a l l  be d r i l l e d  by a d r i l l e r  l i censed  ir. t h e  
S t a t e  of ?ieti Yesico i n  accordance ccith 7 2 - 1 2 - 1 2  Xeci .\leslcc.) 
S t a t u t e s  annota ted .  

7 .  T h i s  permit s h a l l  terminate upcm the completion nf t h e  aqu i f e r  
tes t . ing.  ox on Jaxluar!- 3 1 .  1993. \ i h i c h e ~ e s  is earlier. 



IMPORTANT-READ INSTRUCTION8 ON BACK BEFORE FlLLlNO OUT THIS FORM 

APPLICATION FOR PERMIT 

To Appropriate  t h e  Underground Waters  of t h e  S t a l e  of New Weriw 

Dmre Received November 14. 1994 File No. C-2424 
I. ~ a r n e ~ f  U. S. Department of Energy. Carlsbad Area Office 

Mailing address P. 0. BOX 3090 
City and &are o 88221-3090 

2. b u r c c  of water supply Artesian , located in Carlsbad Basin 
(arceri~n or rb. I w rarer  aquifer) (name of undery~und basin) * n e  we11 i s  m be iocared in h e  % f y ~ c r i o n  28 I O = . L ~ ~  ~2 S 

Rmee 31 E N.M.P.M.. or Tract N o . a f  Yap No.-f B e  
on Lmd o m e d  by U. S. Department of Energy 

4. Description of well: o m e  of driller B-19b5. Test Yell, N.H. Licensed 
Oucridc Diamerer of ==sin8 7 inches; Appmximare depth m be drilled 790 

5. Qumriy of r s t e r  w be mppmprimred and beoeficialIy used Co-tive. 1 scrr leer, 
(coosumprive uae, diversion) 

for Hydro1op;ic characterization and testing plrpoaem. 

6. Aetesle ro be inigsced or place of use Ccres. 

2-3 acre feet vill be used commautively. 'Phis v e l l  is t o  be primarily 
m injection v e l l  for  d t i v e l l  hydrologic tracer tests .  (Request t o  
use --v.) The data from these t e s t s  is 

rly 

Note: & amended form or a l e t t e r  t o  the Stare- 
Offie- i f  an vhen - additions to  the information enclosed 
are  -. 

I .  Harold F. Klaus Jr. , affirm 6.1 the forepiag srrrcneocs .re m e  zo cbc b s c  of mr knowled~e 
md belief and Bat dcvelopmenr shall no1 commence unril .ppmv.l of cbe perpit ham b e r  obuined. . 

U.S .  De~ar tment  o f  Enerav . Permiace. 

By: 

Subscribed and sworn to before me this N i n t h  , A.D.. 19 g4 . 
MY co-isaion expires A p r i l  29, 1997 

N o t y  Public 



~ l r b e r  01 this pecpit C-2424 

ACTION O F  S T A T E  ENOINEEB 

After moricc pu.su.nt to s t m ~ t e  .nd  by s u t h o r i ~  r e s t e d  i s  me, this .pplic.tion i s  appmred provided ir i s  not cxercimcd 
ro the  dcuimcmt of  .ny olbers h.rimg cxisrimg righcs; furher  provided h.1 all rule* and repl8t ions  of the P s t e  E n ~ i -  
ncer  p e n s i s h g  to the driltimg of artesian wells be complied with; and funhcr aubjcn  to the f o l l o w i o ~  
cooditi-s: 

SEE ATTACHED CONDITIONS OF APPROVAL 

Proof of complerion of well shall be filed on or before NIA 19- 

Proof of applicslion of rarer  10 beneficial u s e  shal l  be filed on or before N /A 19- 

P i m e s s  my hand and seal thia 25- day of January . A.R. 19 95 . 
D.T. Lopez, Acting S t a t e  Engineer 

i s o r  

INSTRUCTIONS 

This  lorn shall be executed, prelerably rypewrirten. in triplicate and shall be accompanied by s filin# fee of 15.W. 
Each 01 triplicate copier must be properly s i p e d  u l d  attested. 

A acpante  application for permit must be filed for csch  well u s e d  

Scca. I - C F i I I  our all blanks fully mnd accurmtcly. 

Scc. W r r i # a t i o n  use  shsll  be scared in acre Iecc of r a t e r  p o  8crc per a n n m  tobe  applied on the lend. If lor 
municipal or other purposes. scare total quantiry in acre feet to b. used annually. 

LC. &Describeonly the I ~ d s  to bc irrigated or -here rarer r i l l  be used. I1 on wsurveyed lands describe by 
lc-l subdivision "as pmiecred" fmm the nearesr p r e m m c n t  survey corners. or describe by metes u ld  bounds .nd t ic 

mnry to wmc pcmaomr, rssily located n a r u n l  obicct. 

See. 7-11 I s d .  arc i n i p r e d  lmm any other source. explain in :his scctien. Give any ether dsta mecessaty to 
k l l y  dcsoribe r a t e r  ri#ht .ou#ht. 



1 PUT OF s m m  

-: 
Scale 1" = 1000 ft 
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Ground Surface Elevation 

Dockum Group 
1.75" 47 IbAt Conductor Casing 

Dewey Lake Red Beds 
10.75" Reamed Borehole 

7" Fiberglass Well Casing 

Forty-Niner Member 

c 
0 - Magenta Dolomite 

V) 

Tamarisk Member 

Culebra Dolomite 

4.83" or 6.1 25" Open Hole 

unnamed bwer member 

'03 Salado Formation 

Note: Depths in feet approxjmate 
Nottoscale 

Date: 0 1 M  
Ref: JBPIBhde18185 



PER?lIT SO. : 

PER31TTEE: U.S. Department of Energy. Carlshad Area Office 

1. The t o t a l  d ive r s ion  of a r t e s i a n  gr-ounrl~ater  from the Culebra 
Member of tile Rus t l e r  Formation under t h i s  permit k i l l  he 
l imi t ed  t o  1 . 0  acse-foot  pel annun measured a t  the  well -3ntl .I 

t o t a l  of 2 . 0  acre- fee t  per annun; mer~sured a t  the  well  rlurlnl: 
t he  l i f e  of t h i s  permic. 

2 .  A t o t a l i z i n g  meter of n type approved by and i n s t a l l e d  i n  a 
manner and a t  a l oca t ion  acceptable  t o  the S t a t e  Engineer 
s h a l l  be i n s t a l l e d  before  the f i r s t  branch of the discharge 
l i n e  from the b e l l ;  the S t a t e  Engineer s h a l l  be ad\.ised of t.he 
make, model, s e r i a l  number, da t e  of i n s t a l l a t i o n .  and i n i t i a l  
reading of the meter p r i o r  t o  appropr ia t ion  of water.  

3 .  The permit tee s h a l l  record the meter reading i n  wr i t i ng  on the 
f i r s t  day of January.  Apr i l .  J u l y .  and October of each year or1 
a form acceptab le  t o  the S t a t e  Engineer and submit s a i d  
reading t o  the S t a t e  Engineer on or  before the 10th day o f  
Janunry, Apr i l ,  J u l y .  and October of each year .  

4 .  The well  s h a l l  he constructed to  . i r t e s i a n  specLfic.ations.  i f  
ar,y aevia t  ion from a r t e s i a n  sper! i f icat  ions is requir-ed. i t  
must be approved b>- the S ia te  Ecgineet-. Tile S t a t e  Engineer. 
D i s t r i c t  I1 Off i ce .  Rosk-ell. s h a l l  be n o t i f i e d  ;I nlinimuln c.,f L8 
hours p r i u r  t o  the cas ing  he i ng lawietl and/or  ( . r~ i l en r~d .  

. The S t a t e  Engineer s h a l l  be .~ri\.-ised 49 !lours I n  .ad~.-i~nct! r ~ f  the  
begi~ln ing  of any pumping t e s t s  . 

6 .  Well C-2424 s h a l l  be d r i l l e t i  hy :+ c i r i l l e r  l i cense4  In thy 
S t a t e  of Vew ?lesicc-\ i n  ;iccordnnce with 72-12-12 Ser. !le::iic) 
S t a t u t e s  annota ted .  

7 .  This  permit s h a l l  terminate  u p o ~ ~  t h e  ~:omplet ion of the : . t q ~ i f e r .  
t e s t i n g .  c r  un Januar!. 31, 199s. :ihiclleuer i s  ear! itt:.. 



LMPORTANT-READ INSTRUCTION8 ON BACK BEFOPE FILLING OUT Tllll FOPY 

APPLICATION FOR PERMIT 

To Appropriate  the Undergmund Waters of the State of New Wer iw  

Date Rccetred November 1 4 .  1994 File No. C-2425 
1. N . ~ ~  of .pplic.nt U. S. Department of Enerm, Carlsbad Area Office 

Nailing address P. 0. BOX 3090 
City .nd State BW -1-3090 

2.  ourr re of x.ccr supply ArteSm , ~ocsccd in Carlsb* 

(nmme of u d c r g m u d  

on land o m e d  by U. S. Department of Enerw 

4. De.cription of well: n.ne of  &illet 8-19b6. Test Well, N.W. Licensed Dr i l l e r  being selef t  
Outrtdr Diameter of casbng 7 inches; Approximate depth to be drilled 790 ieel; 

5. Qurntiy of water to be appropristed and beneficially used h-tive, 1 acre feet, l'-1b4" 
(coosumptire we,  diversion) 

br Iiydro1op;ic characterization and testing prpos*s. 

6. Aetea#* m be ini'ated or place o f  use N/A acnn. 

Bctbdlvlalon SecUon Tornmhlp Rrnge Acres Owner 

---- ---- - - ---- A 

---- C 

---- r 
- - ---- ---- - - ---- - 

---- w 
- 
c, 

7. Add~tionsl s t~temeota or erplmnsttons LD - 
Item 3 - The exact location of the well is t o  be determined as a resul t  of 

hrdrolonic test- involving E-19bl. &19b3 Pnd 8-19b4 wells ( p e ~ t  
applications mbdt ted) .  Also, because this well may be located on 

n i d t  
t o  c a l l  out the precise 1/64. 1/16, or wen the 114 portion of section 
28 a t  t h i s  t h e .  E o v e v e r , ~  rY 
of the E-19 hydropad, a surpey of which is endosed. 

I t s  4 - The conract selection process for  a lleu Mexico licensed d r i l l e r  is 
underway. A well design with approxhate depths is attached. 

Item 5 - The bole w i l l  be completed in the Rustler formation. lhie hole 
be used for  low-terr  r o n i t o r i w  and t e s t a  of the hydrologic 
characteristics of the Culebra member of the Rustler fomatioo. Over 
the lifetime of the test ing period of th i s  well. 2-3 years. auproxhately 
2-3 acre feet  w i l l  be used conmmptively. lhis w e l l  is t o  be primarily 
an infection well f o r  l u l t i w e l l  h y d r o l ~ i c  tracer tests .  (Request t o  
use tracers The data frata these tests is 
t o  be e- 

Note: An ~nanndet-fpD or  a letter t o  the 
i f  an -amions to  the i n f o ~ t i ~ n  enclosed 

are  

I, Harold F. Klaus Jr. , affino that the torepin' st.tcaemt. .re me ~o the best of my knorlrd6e 
. sd  belief and that development shall not commence unril mppmval of the pc&t barn bee.. obtained. 

Subscribed .nd rrom to before me this Ninth 

MY -issioa expires A ~ r i  1 29. 1994 
Notuy Public 



ACTION O F  STATE ENQINEEB 

After motice pursu.st to z t . ~ t e  mod by authoricy rcsced im me, thir .pplic.tion i s  sppmvcd pmrided i t  i s  not exercised 
m rbc deuimeoc of m y  others haring existing rights; turthcc rhst .I1 mle. mod re&ul.tiono of the S m r c  h g i -  

nccr  peruin ing m rbe drilling artesian wells be complied with; m d  further subject to rhe following 
cmdi t ioor :  

SEE ATTACHED CO-5 OF 

Proof of completion of  well mhsll be filed on or before N'A , 19- 

P m o l  of applicnuon of  water to beneficial use shall bc lilcd on or bclocc N / A  , 13- 

V ~ r n c s a  my bmnd and aesl this ~5~ day of 
95 January , A.D., 13 

D.T. Lopez, Acting State Engineer 

isor 

T b i s  lonn shall be executed, preferably typerrirten. in triplicrcc mnd 1 s l l  be accompmied by filing fee of  $>.GO. 
Each 01 triplicate copies must be propcrly s i g c d  m d  a t t e s t e d  

A s o p a n r e  application for permit must bc filed lor each well used. 

Sccs. I-(-Fill out all blank* fully and ~ c c u t s r e l y .  

k c .  I--lrription use shall bc s t r tcd  i n  acre Iect o f  water per acre per . nnm tobe  spplicd on the land. If for 
m l u i c i p d  or other purposes, state wta l  quantity in acre feet to hc used snnually. 

See. b D c s c r i b e o n l y  h e  lands to be irrigated or rherc  rarer  r i l l  be ured. I1 on unsurrcyed I m d s  describe by 
l e d  subdirision "as proitcted" lrom the n r 8 r r r t  ~ o r c r n m c n l  surrey corners, or describe by meter m d  bounds and tic 
sun- m some pemanmt.  essily loc*tcd natursl obiecr. 

Scs. 7-11 I ~ d s  are iniaated from any other source. explain in this section. Circ  m y  othcr data n e c e a s s v  to 
fully describe racer  tight loulht. 



I PUT OF S m  

Scale 1" = 1000 



Ground Surface Elevation 

71.75" 47 Ibm Conductor 
40 

Dewey Lake Red Beds 
10.75" Reamed Borehole 

7" Fiberglass Well Casing 

Forty-Niner Member 

C 
0 .- Magenta Dolomite 

Tamarisk Member 

748 

4.83" or 6.1 25" Open Hole 

I unnamed bwer member 
Total Depth 803 

t 
'03 Salado Formation 

Casing 

C.' 
C3 

Note: Depths in feet approximate 
Not to Stale 

Date: 01105/9a 
Ref: JWIBhoie18185 



CONDITIONS OF .APPROVAL 

P E E I I T  NO. : C - 2 4 2 5  

PEiLEfITTEE : U.S. Department of Energy. Carlsbad Area Of f i ce  

1. The t o t a l  d ive r s ion  of a r t e s i a n  groundwater fro~tl the Culebra 
Yember of t he  Rus t le r  Formation under t h i s  permit %ill be 
l imi t ed  t o  1 .0  acre-foot  per annum measured a t  the riel1 and .i 

t o t a l  of 2 . 0  acre - fee t  per annum measured a t  the well  dusiiig 
the l i f e  of t h i s  permit.  

1. 4 t o t a l i z i n g  meter of a type approved by and i n s t a l l e d  i n  a 
manner and a t  a l oca t ion  acceptable  t o  the  S t a t e  Engineer 
s h a l l  be i n s t a l l e d  before the f i r s t  branch of the discharge 
l i n e  from the  w e l l ;  the S t a t e  Engineer s h a l l  be advised of t-he 
make, model, s e r i a l  nun~bes, da te  of i n s t a l l a t i o n .  and i n i t i a l  
reading of the meter prior. t o  app rop r i a t i on  of water.  

3 .  The permi t tee  s h a l l  record the meter read ing  i n  wr i t ing  on the  
f i r s t  day of January,  Apr i l .  Ju ly ,  and October of each year on 
a form acceptab le  t o  the S ta te  Engineer and submit s a i d  
reading t o  the S t a t e  Engineer on o r  be fo re  the 10th da\- o f  
January, A p r i l ,  J u l y ,  and Octoher of each yea r .  

4 .  The wel l  s h a l l  be constructed t o  a r t e s i a n  spec i f i ca t i ons .  I f  
any dev ia t i on  fro111 a r t e s i a n  s p e c i f i c a t i c ~ n s  i s  required. i t  
must be approved by the S t a t e  Engineer. The S t a t e  Engineer, 
D i s t r i c t  I1 Off i ce .  Roswell, s h a l l  be n o t i f i e d  a minimum of 4 s  
hours p r i o r  to  the casing be i l~g  landed a n d / o r  cemented. 

5 .  The S t a t e  Engineer s h a l l  be adi-isecl 48  i1ot1z.s in :>dvance c ~ f  thr 
beginning of any pumping t e s t s .  

. k'ell  C-2425 s h a l l  be d r i l l e d  by a d r i l l e r  l icensed in the 
S t a t e  of  Sew ?lexica i n  accordance \<it11 72-12-12 Tek ?lesii.o 
S t a t u t e s  annotated.  

7 ,  This permit s h a l l  terminate upon tho completion of the aquife!. 
t e s t i n g ,  or  on January 31. 1998, whichever is e a r l i e r .  



IMPORTANT-READ INSTRUCTIONS ON BACK BEFORE FILLING OUT TI1113 FODW 

APPLICATION FOR PERMIT 

To Appropriate the Undertmund Waters of the State of New Mexiw 

Dare Received November 14, 1994 File No. C-2426 
1. ~ m m e  of mppiicanr U. S-  Department of Energy, Carlsbad Area Office 

Mailing address P. 0. BOX 3090 
City .nd State 

2. b u r c c  of rarer supply llftesim , ~ocaccd in Car's- Basin 
( ~ M C  of undergrowmd b a s i n x  fib 

R M ; ~  31 E N.H.P.M., or T n c t  N o . a f  Map No.-f the 
on L ~ d o r a e d  b U. S. Departrent of EnerW 

Dirt '  y&,;+\kL, 9w 
a 

4. Description 01 rime 01 &iller It-19b7. Test Well. N.M. Licensed Driller being selefted *<,- 

Ourside Diameter of casing 7 inches; Approximate depth m be hi l led 790 feet; 'c, 

5. Q u ~ t i y  of r a t e r  m be appropriated and beneficially used ConS-tive. 1 sere feet. 
(consumptire use, diversion) 

for Hydrolo~ic characterlzation and test* plrposes. 

6. Acreale to be i rr ipted or place of use NIA sere& 

Ilubdlvlslon Sectlon Tomahlp Rmge Acres owner 

-. .... , 
7. Addtdonsl *I~IccncntS or elplanations -7 

Item 3 - The exact location of the vell is to be detellined an a result of 
hrdroloaic testing involving It-19b1, It-19b3 and It-19b4 wells ( p e d  
applications submitted). Also, because this vell may be located on 
either side of the eastrest dividing line of section 28, it is m i c u l t  
to call out the precise 1164. 1116, or even the 114 portion of section 
28 at this time. Bowver,the well is to be located within the boundarg 
of the 8-19 hydropad. a survey of which is enclosed. 

I t e  4 - The conract selecrion process for a New Mexico licensed driller is 
~ ~ d e ~ a y .  A vell design with approximate depths is attached. 

I t a  5 - The hole will be completed in the Rustler forration. This hole vill 
be used for lo--term monitorina and test- of tbe hydrologic 
characteristics of the Culebra member of the Rustler formation. Over 
the lifethe of the testing period of this well, 2-3 years, approximately 
2-3 acre feet will be used ccmslrptively. This  well is to be piGrF1y 
an iniection well for multivell hydrolo~ic tracer tests. (Request to 
use -is 
to be ua-d in the m-assesslen+. 

Note: 7 be sent to the -'s 
Of f i ce  additions to the information enclosed 

I, H a r o l d  F. Klaus Jr. , affirm h a t  the foreping a u t m e n t s  are m e  to the best of my Laorledge 
.ad belief and that derclopment shall nor commence until fipprov~l of h e  permit has beer obuined. 

U.S.  D d r t m e n t  of Enerqv . Pcrmircce. 

By: 

Subscribed .nd sworn u, before me h i s  Ninth day 01 November , A.D.. 1 9 9 4  . 
MY co-isrion erpircs ADri 1 29. 1997 

r 
Norsq Public 



ACTION OP S T A T E  ENCIINEEB 

Ahcr norice pursumt to StmNte smd by muthoriq reaced ia mc. chis npplicscion i s  sppmrcd provided i t  ia  so t  excrciecd 
m h e  dcoimcnr of .oy  others hsving exi.tins rights; funber provided th.t .I1 ~ l e 8  m d  regulations of rhe Scare E n ~ i -  
ueer penaiming ra the drilling of a r t e s i a n  -ells be complied rirh; u d  furthcr subjcct to the f o l l o r i n ~  
conditioms: 

SEE ATTACHED CONDITIONS OF APPROVAL 

Proof of  completion of well .ball be filed on or belorc N/A . 19- 

Proof of  application of ra ter  to beneficiml use  shall bc filed on or before N/A 0 19- 

95 January , A.D.. 19 

D.T. Lopez. Acting S t a t e  Engineer  

i s o r  

INSTRUCTIONS 

This  lorn shall be executed, preferably qperr i t ten ,  in triplicate and shall be accompanied by a filing fee of S5.M. 
E.ch of uiplicate copies must be properly r i p e d  and arterted. 

A s e p a n t e  spplicauon for permit must bc filed for each well used. 

S c s .  l&Fill out all blanks fully and accursrely. 

See. 5---lrri'ation use .ball be muted in acre feet of r a t e r  pcc acre per lnnwn to be spplied on the Imd. If for 
muaieipd o r  ocher p t p s e s ,  s a t e  rota1 quantity in acre leer m be used annually. 

See. L C k s c d b e o n l y  h e  lands m be init-ccd or where rarer  r i l l  be used. If on m s u r w y e d  L a d s  desnibe  by 
lc-l suMirision "a1 proircted" from l e  ncarcsc 'ovemmmt surrey corners. or describe by a c r e s  m d  bounds and tie 
a u n e y  m some pernmmt,  easily located natural object. 

Ss. 1-I! !*ad. .IS ixri'.rrd from muy ether sovrcc, eapiain in thir scvcion. Give m y  other datm a e c e s s a ~ ~  to 
h l l y  describe ra ter  fish1 s o u ~ h t .  



PUT OF S w  
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Ground Surface Elevation 

Holocene Deposits 

Dockurn G-- - -- 

4 Tamarisk Memt-. 

- - - - 
+ 
C-' 
0 

783 
4.83" or 6.1 25" Open Hole 

I unnamed bwer member 
Total Depth 803 

9b3 Salado Formation 

Note: Depths in feet approhate 
Nottoscale 

Date: 01105194 
Ref: JBPIBholel8IBS 

TRMllW2 



CONDITIOKS OF XPPROY.-\L 

PEPJlIT SO. : C-2426 

PEplITTEE : U . S .  Department of Energy, Carlsbad Area Office 

1. The t o t a l  d ive r s ion  of a r t e s i a n  groundwater from the  Culehra 
Member of the Rus t l e r  Formation under t h i s  permit r c i l l  be 
l imi t ed  to  1 . 0  acre-foot  per  a1lnu.m measured a t  t he  well  and a 
t o t a l  of 2 . 0  ac re - f ee t  per annun1 measured a t  t he  wel l  during 
the  l i f e  of t h i s  permit.  

2 .  A t o t a l i z i n g  meter of a type approved by and i n s t a l l e d  i n  a 
maruler and a t  a l o c a t i o n  acceptable  t o  the S t a t e  Engineer 
s h a l l  he i i lstalleci before the  f i r s t  branch of the discharge 
l i n e  from the w e l l ;  the  S t a t e  Engineel s h a l l  be ad\-ised of the  
make, model, s e r i a l  ilulnber . d a t e  of i n s t a l l a t  i on ,  and i n i  t i d l  
reading of the meter p r i o r  t o  appropr ia t ion  of water .  

3 .  The penni t tee  s h a l l  record the meter reading i n  r i r i t i ng  on the 
f i r s t  day of January,  Apr i l .  J u l y .  and October of each year 011 

a form acceptab le  t o  t h e  S t a t e  Engineer and submit s a i d  
reading t o  the S t a t e  Engi~leer  on o r  before the 10th day of 
January, Apr i l ,  J u l y ,  and October of each year .  

4 .  The well  s h a l l  be cons t ruc ted  t o  a r t e s i a n  specif ic-at ions.  I f  
any devia t ion  from a r t e s i a n  spec i f i ca t ions  is required.  i t  
must be approved by the  S t a t e  Engineer. The S t a t e  Engineel.  
D i s t r i c t  T I  O f f i ce .  Roswell, s h a l l  be n o t i f i e d  a minimrim o f  4 8  
hours ps ior  t o  the  cas ing  k i n g  landed and/or  cemented. 

5 .  The S ta t e  Engineer s h a l l  be ad\.iserl 48 hours In ndvance : I T  the 
beginning of any pumping t e s t s .  

6 .  i i e l l  C-2426 s h a l l  be t l r i l l e d  by a d r i l l e r  l icenseti  in t h e  
S t a t e  of Nev hlesico i n  ac:cor.dance i;ith 72-12-12 Sei, ?lesicc: 
S t a t u t e s  annorated.  

7 .  This permit s h a l l  t e rmina te  upon the completion of the aquifer 
t e s t i n g ,  o r  on January 31,  lgC)S, whiche\-er i s  o : t r l i e r .  



STATE Lr.uttiLER O F F l C t  

WELL RECORD 

Jwtlon I. GENERAL INPORMATlON 

owner of well U. S. Dept. of Enernv / Carlsbad Area Office owner', well NO. '-lgbl 
Stner  or Posr Offioe ~ d d r u r  P- 0-  Box 30g0 
City and State 

Well was drilled under Permit KO. 2420 and is 1o:ated in  the: 

a. SE 11. SE y, x Sw b i  of ~ e c t i o n 2 8 ~ o w n h i ~  22S b n g e  31E N.M.P.hi. 

b. Tract No. of >lap KO. of the 

c. Lot N o .  of Block No. of thee 
SubCwiuon, recorded in County. 

d. X- fact, Y- feet, ti.M Coordinate System Zoce in 
the Gnnt .  

(B) Drilllng Contractor water DePelwnt ~ k e n l t  NO. VD 1210 

Address 
1202 Kentuce Avenue, Woodland Hills,  dalifornia 95776 

R o t a p  See 
drill in^ Began 03/28/95 Completed 04/22/95 ~ y p c  tocis wire d e  core of hole Diaer-. 

Elevation of land rurf&cc or Cap at well is 3417-2 ft. ~ o t d  depth of  wtl; 778.7 ft. 

Completed wtll h 3 rhlllaw arradm. D e p b  to wrrrr upon cornplrtion of well - 450 ft. 

Section 2 .  PRlNCE'AL WATER.BEARINC STRATA 
Depth in Feet ; Thicknoas i 

I 
i 628 I 652 I 24 : Magenta Dolomite 

Estimated Yleld 1 

CJ 112 

i 740.1 ' 764.4 / 24.3 i h l e b r a  D o l d t e  

Sectron 4.  RECORD OF YL'DDINC A N D  CEMEBTINC 
i Depth In Feet Hole Sacks Cubre Feel I 

From 1 To / D~amete: o i  Mud I d Ccment Uethod of Plrcemcnt 
I 
I 

to I in F~~~ 1 Dcrcrrption of Water-Bearing Formation 
From (gallon, per minute) ! 

k 

d 4  

Seedon 3. RECORD OF CASING 

I I 

Section 5. PLUCGIHC RECORD 

; Dirmttcr I Pounds 

0 38 

1.c.e~) 
Tlveadl I Depth in Feet I Perforntiona j 
per i n  i T o  ! B o o m  % I 

or 
F r o  1 To 1 

Flle No. Ule Loculon No. 

pet foot 

1 20 
single 

I 

I I I I I 

I 

Plugging Contractor 
Addntr Cubic Feet 
Plu-ng Method 
 ate WCII P I U U ~ ~  I . I 

P lus~lnr  spwoved by: ' 2  l I I 

I 

24 in. 

Stat. Enginccr Representative 

I ". 50 1 P r a  top 

3 I I 
4 :  I 

- -  53 - section! 0-3 . 38 
5.7 

FOR USE OF STATE ENGINEER ONLY 
Date Rtctived 

Quad FWL FSL- 

I 
9-5/8 diberglasa 

.U 38.3 

4 

- 
r ixed shoe & 

- I 
i 

- 1.2 733.1 731.9 
I 

f loa t  col lar  
I 

I 
! 



Secuon 7. REMARKS AND ADDITIOKAL I.\'FORM.\TlOK 

Section 6. LOG OF YOLE 

Forration tops above Culebra picked from USCS logs. 
Formation tops in Culebra picked from core. 
Abandoned It-19bl well. 50 feet to the Nortb, provided core contirmously f r a  37 feet 
to 751.4 feet for lithologic reference for the H-19bl - H-19b7 wells.  Cored 
interval in this well 740.82 - 778.7 feet. Logs run are g-, gamua gama density. 
neutron and caliper. 

Dapth In Fsst 

The underargned heaby  ccmfiea ha t .  to  the best of h h  knowledge and belief. rhe ioregoing is a true and correct wcord of the above 
descrtbsd hole. .. ',. 

Thtcknra I 

IUSTRW-XIONS Thls form should be executed in trtpbcate, prefmbly iy?cwntten, and submrtled to  the approprrrts drsvicl office 
01 .he State ~ W h e e r  All Iectlonr, except Seclron 5, shall be answered as compietcly and ~ c c u n t e l y  IS possible when any well Is 
*rJled. ropaued or deepened. When thla fonn u used as a p!uggtng record. only Scctron I(I) and Section 5 need be cornpiered. 

- 

To , h Feet ) Color m d  Type of !4atenJ Encountend 
From 1 

, I 



20-inch 53 Ib& Conductor Casing 

Dockum Group 

53? 

(siltstone, mudstone) 
Dewey Lake Redbeds 

567 

Forty-Niner Member . 
(an hyd rite) 

14.75-inch Reamed Borehole 

inch Fiberglass Well Casing 

Magenta Dolomite 
Member 

t - 
c. 
VJ Tamarisk Member 

(anhydrite, mudstone) 731.9 Bottom of 9.63-inch Casing (shoe) 
I . . 
I &If 736 Bottom of 14.75-inch Reamed Borehole 

I unnamed lower member 
(mudstone) Total Depth 778.7 

740.1 * 
Culebra Dolomite 

Member 
764.4* 

Salado Fomation 

C. 7.75-inch Open Hole 

Notes: All formation depths (in feet approximate) from geophysical logs except as noted. 
* From core 
Not to scale 



STATE ENGINEER OFFICE 

WELL RECORD 

Sxt ion I .  GENERAL INFORMATION 

(A) owner of well U. S - Department of Energy. Carlsbad Area Off i c e  ownerb, well No, 8-19b2 

Street or Pa9t Olflce Addnr s  P- 0 -  Box 3090 
City and State Carlsbad, New Mexico 88221-3090 

Well was drilled under Pennit KO. C 2421 and illo:6red in the: 

a. % 3 %A % SW ).; of S e c t i o n 2 8  Township- Range 31E N.M.P.h;. 

b. Trac! No. of Map KO. of the 

c. Lot N o .  of Block No. of thc 
Sub<w~uon,  recorded in County. 

d. Xu feet. Y= feet, h'.M Coordmntc System Zosc in 
the Grant. 

(B) ~ ~ i l l i ~ ~  cannsctar Water Development Corporation License No. WD 1210 

Address ' 1202 Kentucky Avenue. Woodland Hi l l s .  Cal i fornia  95776 

Rotary. See 
Drilling Bepan 05/10/95 Conlpletcd 05120195 Type tools Piamond core Size o f  h o l @ m m .  

Elevat io~ of l ~ n d  ruriace o r  ulnin* Cap at well  4s 3417-1 It. Total depth of weli ft. 

Complered well Is 2 shaUow arredan. Dcprh to water upon completion of well - 450 fl. 

Secrio~~ 2. PRINCIP.4L WATER-BEARING STRATA 

Deptn ln Feet I Thicknen Esbmated Yleld I 

' From To 1 , F De8cr:puon of Water-Btarmg Fonnatlon I (galon, per ! 
I I I I I 

Scctlon 3. RECORD OF CASING 

Deptn In Feet / Type o f s h a  I pedOrntlons 
I From 1 T o  I 

I s ing le  ' I 
14 42 see t ion '  0-3 , 37 I u n - 3  1 - - 

mixed shoe 6 
a i 3 . 4  I 734.4 o a t  c a r  - - ] 

I I 
766 780 1 20 1 -  - 1 

1 628 1 653 , 25 : Magenta Dolomite 

741.6 ! 765 i 23.4 I Culebra Dolomite 
I I I 

u 112 I 

N 4  

Section 4. RECORD OF UL'DDINC AND CEMESTING 
i Depth In Feet Hole Sacks Cubic Feel I 1 

0 1 732.4 112 .25 in !  1 N 606 Eall iburton 
I 

I I i 

From 1 To  / D ~ a m e ~ e :  oi  M u d  

0 37 

Section 5. PLUCCINC RECORD 

of Ccment Method of Plrc tnent  i 

18 in. 
I 

35 1 From top 

Plugging Contractor 
AddtCSc 
Plumna Method 
Date Well P l u a e E  . I , 1 
Plugene rpprovmd by: ' 2  I I I 

131 I 1 
State Engineer Represcnutive 4 )  

I 

I I I I I 

FOR USE OF STATE ENGISEER ONLY 

Quad FWL FSL- 

File No. Use Location No. 



Section 7. REMARKS AND ADDITIOKAL ISFORMATIOK 

Section 6 .  LOG OF YOLE 

Formation tops picked f r m  USGS logs ,dove the Culebra. 
Formation top of Culebra picked from cdre. Cored interval in this  well 735.5 - 
766.7 feet.  Logs run are g-, neutron, caliper, and video. The PVC liner 
was installed on August 28. 1995. "' 

Depth In Feet 

The undersigned hereby centfier that, to the best of hir icnowledgc and beltel, the farcloln: is 1 true and correct record of the above 
descr~bnd hole. 

=6c! A& 
Driller 

Thlcknru 1 

[NSTRUCTIOWS: This form should be executed in trlplrsate. preferably tygcwritten, and submtlted to the appnpriate district office 
:he State Cneneer. All secttons, except Scclton 5, shall be rnswemd as complctcly m d  rccurzlely as poas~s;r when any well IS 

4 > .ILI?d. :eoaued or deepened. When this fann is u ~ e d  as a p!uz@ng record. cnlv Sectlan I(a)  and Section 5 nsed be c-rnaieted. 

In Feet I Color lnd Type of Urtenl l  Encountered 
From 1 To , 



H-19b2 Well 

14-inch 42 Iblft Steel Conductor Casing 

12.25-inch Borehole 
Dewey Lake Redbeds 
(siltstone, mudstone) 

CENTRON DHC - 300 
ID 6.38-inches 
OD 7.0-inches 

Forty-Niner Member 

Cement Grout 

C 
0 .- Magenta Dolomite 

c. 
V) 
3 Tamarisk Member 
[r (anhydrite, mudstone) 1 732.4 Bottom of 7-inch Casing (shoe) 

734 Bottom of 12.25-inch Hole 

Culebra Dolomite 5.88-inch Open Hole 

PVC Liner (766 - 786) 
unnamed lower member 5.5-inch OD; 4.88-inch ID 

Total Depth 786 (reamed) 
t 
9 ? 

Salado Formation 

Notes: All formation depths (in feet approximate) from geophysical logs except as noted. 
* Frwn core 
Not to scale 



STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

(A) of U. S. Department of Energy, Carlsbad Area Office ~~~~~s~ well No, E-19b3 
Street or Post Office Address P -  O -  3090 
City and State Carlsbad. New Hexico 88221-3090 

Well was drilled under Pcnnit KO. 24222 and ix  located in thc: 

b. Ttac! No. of Nap KO. of the 

c. Lot N o .  of Block No. of the 
Subdw~sion. recorded in County. 

d. X- feet, Y= feet ,  N.M Coordinate Ssstcm Zore in 
the Grant. 

( 0 )  ~ ~ l l i l ~ ~  contractor Water Development Corporation Licenae No. WD 1210 

Address ' 1202 Kentucky Avenue. Woodland H i l l s ,  California 95776 
b t a r y  6 See 

Drilling Began 04/23/95 Completed 05/09/95 Type tocls Wireline Core Size of h01tDiap.ram~1. 

Elcvatroe of land turface or dlumin* Cap at well 1s 3417*2 ft. Total depth of weli 785 f~ 

Completed well Is 2 shallow srreum. Dcprh to wetcr upon complclion of well 45O It 

~ s t u n a t c a  1 Dctcrrption of w a t e r - ~ e u w  Formation 1 (gallon, per 

I 1 I 

bc t lon  3. RECORD OF CASING 
Pounds Thread8 Deptn In Feet Leneth Pertorat~ons , 

I From 1 To  I 

s ing le  I I 
1 14 42 , s ec t ion '  +0.3 38 4 3 8 . 3  1 - - 

mixed shoe C 1 
oat col lar  - - ] 

I 

1 629 

Sectron J RECORD OF ).!LDD:NG AND CEMENTING 
i Depth In Feet Hole ' Sacks ' Cublc Fret  

From 1 70 / D~amcrc: 
I 

of Mud of Ccrnenl Method of Placement 
I I I I I J I 

654 25 Elagenta Dolomite rr, 112 

0 I 38 

Scction 5. PLUGGING RECORD 

4 740.0 ! 765 

I I I 

Plugging Contractor 
Address Depth rn Feet Cublc Feet I 
Plu&pns Method 

I N o  : To 
DNC we11 P I U ~ I ~ ~ I  ; I 
P l u l ~ n g  npprovrd by: 1 2 1  ! I 

25 i Culebra Dolomite 
I 

18.in. 

0 

FOR USE OF STATE ENCISELR ONLY 

Qutd FWL FSL- 

4 3 5  j From top 

734 112.25 in. ! 606 I Balliburton 

! i I I 

File No. Use Location No. 



Section 6. LOG OF ?!OLE 

Section 7. REMARKS AND ADDITIONAL JSFORh[.STIOK 

F o ~ t i o u  tops above Culebra picked f r m  USGS logs. Formation top of Culebra 
picked from core. Cored interval 735'3 - 768.3 feet .  Logs run: neutron. 
g-, caliper, video. PVC liner installed August 29, 1995. 

The undersigned hereby certifies that, t o  the be31 of hls knowledge m d  Sellel. the  foregoina is a tnre m d  correct recozd of  the  above 
48scrtbad hole. 

[NSTRUCTIONS: This f o n n  should be  executed In Irlplicate, prefenbly  r);~:written, and NbmjtIed t o  the rpylcSrialc d ~ s t r i c t  office 
':I :he State Engineer. All rectionr, except Scctlon 5, shall be  answered as completely md accurately ar poaris-: when any well Is 
2rlllcd. rcpaued or deepcncd. When this form is used as a p!ugplng record. only Scctlon ] (a )  and Sectian 5 need bc ~ ~ m p i e t c d .  



H-19b3 Well 
Ground Surface Elevation 3417 ft. amsl 

I 

k # ' b 1 8 - i n c h  Augered Hole Holocene Deposits 

14-inch 42 IbAt Steel Conductor Casing 

Dockum Group 

12.25-inch Borehole 
Dewey Lake Redbeds 
(siltstone, mudstone) 

CENTRON DHC - 300 
ID 6.38-inches 
OD 7.0-inches 

Forty-Niner Membe 
(anhydrite) 

629 

Magenta Dolomite 
Member 

654 

Tamarisk Member 
(anhydrite, mudstone) 732.0 Bottom of 7-inch Casing (shoe) 

734 Bottom of 12.25-inch Hole 

740.0~ 
Culebra Dolomite 5.88-inch Open Hole 

Member 
765 

PVC Liner (762 - 782) 

unnamed lower member .5-inch OD; 4.88-inch ID 

(mudstone) Total Depth 785 (reamed) 

? 
Salado Formation 

Notes: All formation depths (in feet approximate) from geophysical logs except as noted. 
* From core 
Not to scale 



STATE ENGINEER OFFICE 

WELL RECORD 

Section I. GENERAL INFORMATION 

( A )  ~ ~ ~ ~ ~ ~ f ~ ~ l l  U. S. D e p a r t m e n t  of E n e r g y .  C a r l s b a d  A r e a  O f f i c e  Owner.,WtllNo, H-19b4 
S tne t  or potr Office ~ d d r ~ t r  P- 0- B o x  3090 
City and Sfatc C a r l s b a d .  New M e x i c o  8 8 2 2 1 - 3 0 9 0  

Well was drllled under Permit No. 2423 and is 1o:ated m the: 

a. SE !4 '/r 3 X SW b i  of Scction 2 8  Township& Range 3 1 E  N.M.P.h; 

b. Trac! No. of Y ap S o .  of the 

c. Lot N o .  of Bleck No. of the 
Subdkiuon. recorded in County. 

d. X- feet. Y= feet. K.M Coordinate System Zoec m 
the Gnnt. 

;B) ~ ~ i l l l ~ ~  connrctor W a t e r  D e v e l o p m e n t  C o r p o r a t i o n  License No. WD 1210 

Addren ' 1 2 0 2  K e n t u c k y  A v e n u e ,  W o o d l a n d  B i l l s .  C a l i f o r n i a  9 5 7 7 6  

See 
Drilling Begun 05/26/95 Completed 06/05/95 Type tocls Size of holeDiapram in. 

Elevation of land surface or  Cap st well is 3416 ft. Total depth of we]; 782 f r  

Completed well Is 2 rhallow !E erresian. Depth to water upon completion of well CJ 450 f t ,  

Secuon 3. RECORD OF CASING 
Deptn ~n Feet Length Perforations 

I From I To ' 
single ' I 

1 14 42 s e c t i o n '  0 38 38 I - - 
5.7 ! mixed shoe & 

7 ! I iber~lasi  4 
I 

+2.6 730.7 733.3 , float collar - - ] 
I 

5.5 l ~ ~ ~ l i n e r l  - 762 7 8 2  i 20 1 ---- 1 

N 112 I 

e 4  

1 628 1 653 , 25 , M a g e n t a  D o l o m i t e  

1 738.5 ' 7 6 1 . 8  

Section 4 .  RECORD OF CUDD:SC 4.VD CEMESTING 

I Dep* Feet Hole ! Sacks ' C u b ~ c  Feel I I 

21.3 / C u l e b r a  D o l o m i t e  

From 1 To / Diameter of hlud 

0 

Scction 5. PLUGGINC RECORD 

or i c m e n t  Method of Placement I 

I I 

0 

I 

1 

38 18 in. ' 4 3 5  I F r o m  top 
1 I I I I 

File No. Uge Location No. 

736 .7  1 12.25 in4 I N 606 ! H a l l i b u r t o n  

Plugging Contractor 
Addnrr . r No. Depth in Feet Cublc Feet I Plumng Method ~ o p  I Bottom . of Cement ; 

I 

i i 

Date Well Plunedl : I , 

Plueene approved by: ' 2  1 
3 1  

State Enlineer Rcprerentativs 4 l  

, 
! 

I I 

I 
I 

FOR USE OF STATE ENCISEER ONLY 
Date Recrived 

Quad FWL FSL- 



1 I I 

SecUon 7. REMARKS AND ADDITIOKAL JhTORM.\TIOK 

Section 6. LOG OF HOLE 

Pollation tops above the Culebra picked from USGS logs. 
Formation tops of the Culebra i t s e l f  picked f r a  core. Cored interval 735.5 - 781.5 
feet. logs are: g-, neutron, caliper aml video. P.V.C. liner installed August 22. 1995. 

Depth In Feet 

The undenilned hereby cenifics rhrt. to the best of Ms knowledge and belief, d e  fonaofnl is a m e  and cornct record of the abwe 

t hwrns r ,  I 

daru1b.d hole. 

a-Q&--9 - 
Driller 

111 Feet 
Color m d  T v e  of Y a r a u l  Encountend 

From I To , 
I 

INSTRUCTIONS: This form should be cxecvted m trtpliutc, prefenbly rypcwrittsn, and arbmitted to chc app?.:priatc district office 
of  'Jle State Enfineu. All Kclions, except Secuon 5, shrU be answered as complotcly and accurately u p w ~ ; l r  when any well is 
drilled. rlplirsd or deepened. When thlr form is urcd u a p!ugg~n( tccord, only Sccr~on I(.) m d  Sectton S need k c-rnoicred. 

! 

I . . 

I . . .- 
i 
I 
I 
I 
I 

I 
i 1 



H-19b4 Well 

Holocene Deposits 1 &inch Augered Hole 

14-inch 42 Ib/ft Steel Conductor Casing 

12.25-inch Borehole 
Dewey Lake Redbeds 
(siltstone, mudstone) 

CENTRON DHC - 300 
ID 6.38-inches 
OD 7.0-inches 

Forty-Niner Member 

Cement Grout 

C 
o Magenta Dolomite 

V) 
1 Tamarisk Member 
a (anhydrite, mudstone) 

734 Bottom of 12.25-inch Hole * 
Culebra Dolomite 

Member 
5.88-inch Open Hole 

761.8~ 
PVC Liner (762 - 782) 

unnamed lower member 5.5-inch OD; 4.88-inch ID 
(mudstone) 

T 
Total Depth 782 (reamed) 

j ? 
Salado Formation 

Notes: All formation depths (in feet approximate) from geophysical logs except as noted. 
* From core 
Not to scale 



Rc*Lled IUD. 197: 

STATE ENGINEER OFFICE 

WELL RECORD 

Section I .  GENERAL INFORMATlON 

Owner well U.S. Department of Energy, Carlsbad Area Office ~ ~ ~ ~ ~ ~ , ~ ~ l l  N ~ ,  9-19b5 
.Street or Past Office Address P. O. 3090 
City and Statc Carlsbad. NW 88221-3090 

Well was drilled undcr Pcrmil KO. C 2424 and is located in the: 

a. SE I/, sE I/, NE $5 SU SU of section& Township 22s llange 31E N.M.P.h;. 

b. Trac! No. of !-lap KO. of the 

c. Lot N o .  of Block No. of thef 
Subdwruon, recorded in County. 

d. X- feet, Y= Ieer. K.M Coordinate System Zore m 
the Grant. 

(B) D~~~~~ tontractor Water Development Corporation ~ i c e n s e  NO. WD lz10 

Address 1202 Kentucky Avenue, Woodland Bills, California 95776 
Rotary, See 

Drilllnp Begtn 06111/95 Completed 08127/95 Type roc18 ~ n c  of holeD-m. 

Elevatron of land surface o r  Aluminum Cap at well is ft. Total depth of wrIi 785-5 i t  

Completed well Is 2 shallow artesian. Depth t o  water upon completion o i  well 5, 450 ft. 

/ 623 1 649 26 Magenta Dolomite I - 112 1 

Section 2. PRINCIPAL WATER-BEARING STRATA 

1 Dsptn in Feet I Thickne*, 
in F~~~ De8cr:ption of Water-Bearng Fomation 

Estimated Yield i 
' From T o  ! (gallons per minute) : 

I I I I 

4 I I 

736.7 I 761.2 24.5 1 Culebra Dolomite 

Scctlon 3. RECORD OF CASING 

Pounds IXrcads Dcpcn tn Feet Length Perfr~rntronr 
From / To  1 

I 

single 1 I 
I 

' 14 42 section' + 0 -3 38 CJ38.3 - 
5.7 mixed shoe 6 

7 .fiberglass 4 + 1.6 730.7 &732.3 float collar - 
' PVC I - 763 783 1 20 I - 

Sect~on 4 RECORD OF !.!!UDD:NG AXD CEMENTING 
i Depth tnFee t  Hole Sacks Cubli: F e e l  I 

Section 5. PLUGGING RECORD 

I 

1 
- 1 
- 1  

0 

I 

Plugginp Contractor 
AddlcaL - 
Plugtang Method 
Date Well P l u g e e  
Plugans 8 ~ ~ r o v a d  by: 

From 
I 

0 

S t m  En l~nec r  Rcprescntatrve 

Drametcr ot M u d  To  

38 

734 1 12.25 in! 1 606 ' Balliburton 

FOR USE OF  STATE ENGINEER ONLY 
Dato Rocerved 

Qurd W L  FSL- 

of Ccmenl Mctliod of Placement 

i I 

File No. Use Locatron No. 

! 

I 
18 in. 35 / From top 

I 



Depth in Feet lhlcknsrr 
Color and Ty je  of %htenrl  Encountered 

From I To , in Feet ( 
I 

Section 7. REMARKS AND ADDITIOKAL ISFORM.4TlOK 

Formation tops picked from USGS logs above the Culebra. Formation top of the 
Culebra i t s e l f  picked f r a  core. Cored interval 735.5 - 785.5 feet .  Logs 
run: g-, neutron, caliper and video. Delay in  coring, approximately 6 
weeks, due to  other operational requirements of the program. 

The underslaned hemby certifies that, to the bcrr of his knowledge md beilcf. the forcpoina is a r n c  md correct record of the aoov~  
describsd hole. 

cnn~,~4& 
Driller 

INSTRUCTIONS: This form should be exccutrd In trlplrcatc, preferably ty~cwri t tsn,  2nd SUb~nltted to the appropriate d~rir ic t  oillcc 
of :he State Engineer. All sections, except Scctton 5, shall be answered as complc!cly and accurately sr possible when any wcl: IS 

drilled. rapaired or deepened. When this form is used a s s  p!ugpng record. only Sccl~on ](a) and Section 5 need be compieted. 



H-19b5 Well 

18-inch Augered Hole 

14-inch 42 Ibm Steel Conductor Casing 

Dockum Group 

12.25-inch Borehole 
Dewey Lake Redbeds 
(siltstone, mudstone) 

ID 6.38-inches 
OD 7.0-inches 

Forty-Niner Member 

c 
0 .- Magenta Dolomite 

V) 
3 Tamarisk Member 
a (anhydrite, mudstone) J- 730.7 Bottom of 7-inch Casing (shoe) 

734 Bottom of 12.25-inch Hole 

Culebra Dolomite 5.88-inch Open Hole 

PVC Liner (763 - 783) 

unnamed lower member .&inch OD; 4.88-inch ID 

'I 
? 

Cored 785.5 
? 

Salado Formation Reamed 783 

Notes: All formation depths (in feet approximate) from geophysical logs except as noted. 
* From care 
Not to scale 



STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATlON 

(A,  of U.S. Depariment of Enerm. Carlsbad Area Off i ce  owner*,wcll N ~ .  H-19b6 

Stroot or Post Offlco Address '' O' Box 3090 
City and State Carlsbad. NM 88221-3090 

Well was drlllcd under Pennit KO. 2425 and is located in the: 

a. SE X SE I/, % o f  Section 28 Township 22S Rdnge 31E N.M.P.hi. 

b. Tracr No. of Nap KO. of the 

c. Lot N o .  of Block No. of the 
Subdiviuon, recorded in County. 

d. Xa feet, Y =  feet, S.M Coordinatc System Zoce in 
the Grant. 

(B) Drulng Water Development Corporation ~ i n n r c  No. WD 1210 

Addreu 1202 Kentucky Avenue. Woodland H i l l s ,  California 95776 
Rotary,. See 

Drilling Began 07/10/95 Conlplcted 08/25/95 Typo t o c l ~  Diamond core Size of h o l d d i a g r a m m .  

Elevation of lnnd ~ t f t c e  o r  Cap at well is 3417-2 ft. T o t d  depth of wtli 788-1 ft. 

Completed well Is shallow nrtedan. Dcpth t o  water upon completion of well 4s0 ft. 

Secrtoa 2. PRINCTPAL \\'ATER.BEARING S R A T A  
Depth in Feet ; Thicknos Estimated Yleld / 

' From To  1 in Feet  , 
I I I I I 

i 623 1 649 1 26 : Magenta Dolomite 

739.0 1 765 
I 

26 1 Culebra Dolomite 

N 112 I 

N 4 

Secuon 3. RECORD OF CASING 

D ~ ~ l e t e r  Pounds Thrcada I Deptn m Fcet Length I ~ e r f o r ~ t t o n s  j 
From / To  1 

s ingle  I t I 
1 14 42 8 section' + 0 - 3  , 39 N39.3 - - 

5.7 b e d  shoe & 
7 I f iberglass  4 + 1.9 730.1 a 7 3 2  f l o a t  co l l a r  - 

PVC - 
I 5-5  i l i n e r  766 786 1 20 - ' - 

Section J. RECORD OF YL'DDENG AND CEMENTING 
i Depth In Feel Hole 1 Sacks Cub~c Feel 

- 
- 
- I 

From I To Dlarnttcr of h1ud 

0 39 

Section 5. PLUGGING RECORD 

of Ccment Method of Placement 

0 

Pluggins Contractor 
Addmrl ' Depth in Feet cubic   eel I 
P l u g ~ n e  Method 
Date Well Pluued 
Plugpns approvmd by: 

State Engineer Reprcsentrtive 

FOR USE OF STATE ENGINEER ONLY 
Datr Rtctivrd 

Qutd FWL F S L  . 

I 

I I I I I 

I 

733 112.25 in.\  I .r 606 Ealliburtoa. T r d e  Pipe 

I I I 

Fllc No. Use Location No. 

l 8 i n .  I a 35 1 ~ r o m  top' 



From I To , 

I 
. .- 

I 
I 
I 
I 

I I 

I 
I 
I I 
I I 

I 
I I 

I 

I 

Section 7. REMARKS AND ADDITIOKAL IYFORUATIOh' 

Formation tops above the Culebra picked frmUSGS logs. Formation top of the 
Culebra itself picked f r m  core. Cored interval 736.5 - 788.1 feet. Logs run: 
g-, neutron, caliper and video. Delay in coring, approximately 3 weeks, due 
to operational requirements of the program. 

The undenuned hereby certifies that, to the best of his xnowlcdpc md belief, thc fortgoins is a true md correct record of  the above 
dewrlbad hole. 

0 s a L  R 9 A  
Driller 

INSTRUCTIONS: This form should be execuled In Ir~plcate ,  prefenbly ty?owritten. and submitted to the appropriate dls:rict office 
of :he State Engineer. All sections, except Sccllon 5 .  shall be answered as com~lclcly and lccurarely as pouiblc when any is 
drilled. repaired or deepened. When thl. form is uacd as a p!lrgglng record. only Sccoon I ( a )  and Section 5 need be com~ieted. 



H-19b6 Well 

1 &inch Augered Hole 

14-inch 42 IbAt Steel Conductor Casing 

Dockum Group 

12.25-inch Borehole 
Dewey Lake Redbeds 
(siltstone, mudstone) 

CENTRON DHC - 300 
ID 6.38-inches 
OD 7.0-inches 

Forty-Niner Member 

Cement Grout 

Magenta Dolomite 

- 
C 
V) 
3 Tamarisk Member 

CC (anhydrite, mudstone) 730.1 Bottom of 7-inch Casing (shoe) 

733 Bottom of 12.25-inch Hole 

5.88-inch Open Hole 

PVC Liner (766 - 786) 
unnamed lower member .Binch OD; 4.88-inch ID 

Y 
? 

Cored 788.1 
? 

Salado Formation Reamed 785 

Notes: All formadion depths (in feet approximate) from geophysical logs except as noted. 
* From core 
Not to scale 



STATE ENGINEER OFFICE 

WELL RECORD 

Section 1. GENERAL INFORMATION 

(A,  Owner of U.S. Department of Energy, Carlsbad Area Office owner-,well N ~ ,  8-19b7 

Straer or Post 0ff:ce Address '' O' Box 3090 
City and Starc Carlsbad, NM 88221-3090 

Well war drilled under Pennit KO. 2426 and i3 1o;ated m the: 

SE lv, SE y, I/, SW bi of Section 28 Township 22s Range 31E N.M.P.h; 

b. Trac! No. of ?.lap KO. of the 

c. Lot N o .  of Block No. of the 
Subdivision, recorded ln County. 

d. X- feet, Y= feel. K.hl Coordinate System Zorc  in 
Bt Grant. 

tontrPctor Water Development Corporation License No. ~ I D  1210 

Address 1202 Kentucky Avenue, Woodland R i l l s ,  Cal i fornia  95776 
Rotary See 

Drilling Began 07/26/95 Complertd 08120195 Type t o c l ~  ' Diamond Core S&e of hole Diaer-. 

Elevation of l ~ n d  surface or  Cap nt well IS 3417.2 ft. Total depth of wrli 785 f l .  

Completed well Is 2 rhallou, 3 srrcdan. Depth to water upon completion of well 450 ft .  

Secrioii 2. PRINCIPAL WATER-BEARING STRATA 

Section 3. RECORD OF CASING 

Depth in Feet ; Thickness ' 
in F~~~ I Description of Water-Bearing Formation 

From ' To  I 
I I I 

1 627 1 652 ; 25 ; Magenta Dolomite 

739.5 ! 764 
I 

24.5 i Culebra Dolomite 
I I I 

Eatimatcd Ylcld 
(gallon9 per minu'te) ! 

I 
.v 112 

" 4 

~ 

' 0 1 38 (18 in. 1 I N 35 1 F r m  top 
I I I I I 

Threada 1 Deptn ~n Feet 
p o  m I T~~ 1 B O ~ O ~  ) From / To  I 

/ Diuneter ' Pounds 

- a 

- 1 

- I 

- 

Section 4 .  RECORD OF KL'DD:NG AND CEMENTING 
i Depth In Feel Hole 1 Sacks Cubic Feel 1 

I.chesl 

- 

From I To 

Section 5. PLUGGING RECORD 

per1001 

t 

1 14 / 42 !%&II: t .1 ' 38 438 .1  1 

I I I I 1 I 

Dlameter of Mud 

0 

File No Use Location No. 

of Ccment Method of Placement 

734 112.25 in.! I 606 1 Eal l ibur ton 

i I i 
Plugslnp Contractor 
AddrcSi 
Plupong Method 
Date Well P l u ~ c a  
Pluwernr ~pprovmd by 1 2  1 1 I 

7 1 5.7 

. 
State Englnocr Rcpresenultve 

3 I I I 
4 l  

- -731.8 4 

FOR USE OF  STATE ENGINEER ONLY 
D ~ t e  Rtcaivad 

Quid FWL - FSL- 

1 - - 
mixed shoe 6 
f l o a t  c o l l a r  

I PVC 
5-51 l i n e r  

+ -8 

- 
731.0 

I 

764 784 1 20 



Section 7. REMARKS AND ADDITIOKAL lNFORM.4TIOK 

Depth in Feet 

Formation tops abwe the Culebra picked from USGS logs. Formation top in  
Culebra i t s e l f  piecked frcw core. .Cored intervals 678.6 - 735.3 feet,  
736 - 783 feet.  logs run: gamma. neutron. caliper and video. 

Thickners ' 

The undersuned hereby ccnifvs that. t o  the belt of hlr itnowlease m d  L3tlief, the foregoin$ is a rruc m d  correct rccord o f  the above 
dascribed hole. 

From I In Feet I Color and f y j e  of 4la tcnd Encountered 
To , 

I 

Driller 

INSTRUCTIONS: This form should be executed In trlplcate, preferably tyj twri t ten.  and subin~t tcd to the appropriate d~s:rict officc 
:he Strtc Endncer. All sections, except Section 5 ,  shall be answered as com~lc t c ly  and accurately as possible when any wel: IS 

drilled, repaired or deepened. When this form is urcd as a p!uge;ng rtcord, only Scclton ] (a)  and Section 5 need be cornpicted. 



H-19b7 Well 

1 &inch Augered Hole 

Dockum Group 

12.25-inch Borehole 
Dewey Lake Redbeds 
(siltstone, mudstone) 

CENTRON DHC - 300 
ID 6.38-inches 
OD 7.0-inches 

Forty-Niner Member 

t 
0 .- Magenta Dolomite 

a3 - 
Tamarisk Member 

731.0 Bottom of 7-inch Casing (shoe) 

734 Bottom of 12.25-inch Hole 

Culebra Dolomite 5.88-inch Open Hole 

PVC Liner (764 - 784) 

unnamed lower member 5.5-inch OD; 4.88-inch ID 

Total Depth 785 (reamed) 
lt 
? ? 

Salado Formation 

Notes: All formation depths (in feet approximate) from geophysical logs except as noted. 
* From core 
Not to scale 
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1 1 , -  I . . - - . - . . . .  --. .... . ... . 
CEMENT J O B  DETAIL SHEET 

TEST TOTAL Bbl. CLiT PSI SPOT SER. S U S  
FLOAT Bbl. RETURNS/ LEFTON TOP / / . N O  c-F-vs:,: < t > ? ? y  

EQUIP. PUMPED REVERSED CSG CEMENT . 
CUSTOMERRE f 

< Y )  N igc.5 t! 7 .- 9 - 
1NPNA.i G i l )  ICi:CLn\ D-57 -. 1 



1 1  1 L  1 1  L U  A L A  , a .  V V l l . .  - 1 .  . 
CEMENT J O B  DETAIL SHEET 

c? /- 
/ 4 c_ 24 L ~ / - A  

I 

,'d: ,.< ?:I &.>>I j' CL I , 
I l l  

/C  



I nt v v c s  I rnrv L u l v l r u r u  Y 

CEMENT JOB DETAIL SHEET 

PSI TO 
R U M p  

PLUG PLUG 

Y .  
I A I P ~ I A  . Z E ?  fc.c)n\ D-59 

TEST 
FLOAT 
EQUIP. 

:/?::N 

I 
PSI 

LEFT ON 
CSG 

TOTAL 
Bbl. 

PUVPED 

I > ! i q  

8bl.CMT 
RETURNS1 
REVERSED 

3 4 , O  

SPOT TOP 
CEMENT 

SER>P. - .,/ ,/ . +a / -  ,-c6n ). 
4 



CEMENT J O B  DETAIL SHEET 

BUMPED 
.PLUG 

' ( ' Y ' N  
WCPIA-1552 (6.901 D-60 

PSI TO 
BUMP 
PLUG 

?%> 

TEST 
FLOAT 
EQUIP. 

<?j .-. N 

TOTAL 
Bbl. 

PUMPED 

(47.0 

Bbl.CMT 
RETURNS1 
REVERSED 

$7 

PSI 
LEFTON 

CSG 

- / .* 
SPOT 
TOP 

CEMENT 

SEF(.S'U~~:'  / /x/z.2k ;& - 
CUSTOMER REP 

r. .. 



CEMENT J O B  DETAIL SHEET 

I I I I I 1 

Available Mix Water / q d  Bbl. Available Dispi. Fluid I C/ 0 Bbl. 11 TOTAL b2 1 1 ~ d .  

TEST TOTAL 
BUMPED RUMP FLOAT B~I. 

IDLUG EOUIP. wwm 
8bl.CMT 
r n ~  $iir~mEo 

. . . - . . . - - - . - - - . ( Y ) N  2-7 

PSI 
LEFT ON 

csG 

SPOT 
TOP SEByI~ 7~ rkL, n 

CEMENT 

D-6 1 
/q 0 %GAL 



CEMENT JOB DETAIL SHEET 

I I I I I I I . - - ,  
CAL. DISPL. V0L.-Bbl. 1 CAL. PSI 1 CAL.MAX ~ s ( 0 P .  M A X  ( M A X  TBG PSI I M A X  CSG PSI 1 DISPL. FLU10 VIATEA -- a & .  I CSS. I CSG. I TOTAL 1 9UhfPPCUG ( TOREV ( SO.PSI ( FIATEO 1 O?. I RATE0 1 O?. 1 P a E  I b41GT. SOURCE 

U U 

CUSTO~'.IE?K- ,.- - ,:.;: 7; F s.; ,- .f:. zf. . 
/;,fA-- / , f l  - 2 J- 2 j-,- 2 

SL?. s92- /WEJOZ , .- , 
5 ./ .--,,Cd ,../' ,.:,:fl -A .+ + < 

L 

LEASE Z W/EF L NAVE-OCSG 1 LoCATiOX COUN~-?A,$iS;i-i3LOCK 

1 , 

0- / 9  G6 d ./ cs; 
DiSTRr$.T -7. + DRILL!NG CONTSCTOR RIG n' J 

.. P <'&ru .#? :yL<,/ 
T Y P E  OF PLUGS LIST-CSG-HARD\VAR_: I o? PHYSICAL SLUF17Y PROPEFlTlES 

RlANl OF S L U R ~ Y  S L U ~ ~ Y  VIATE~. ?2'J'.ia 951 

~~4~~~ ' 
FOLD EACH p:2 1 G?S 1 42 tlLlG LlIh S?:k8Y WATE2 

L!lx 

- Y N FLUID 
/ '2rL> < J  fji 2~ ,/.~X"<L, g7i Jl 1; 7 27 $7 

I I 

PSI TO 
7, ,a.JO C-J / 5 ‘ L5 j  

CUSTDMiR REP. *J ,ucL.L- 
1 

j c./*p.-:; 

BUMPED 
SPOT 

. .  - L 
. - I, 

SER. SUP. - - TEST 

REVERSE0 CSG CEMENT 
: y : N j ' Y,. N ? (/ -7 --&. -rj- 

TOP BUMP 
TOTAL 

FLOAT 
Bbl.CbIT PSI 

Bbl. RETURNS1 L E r 7 0 N  



6 ,  I L  .. L U  I L I , , ,  " V " & I  A t .  l 

CEMENT J O B  DETAIL SHEET 
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APPENDIX E 

Archeological Clearance Report 
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PECOS 
ARCHEOLOGICAL 

CONSULTANTS 

P.O. BOX 1771 

CARLSBAD, NM 88221 

Archeological Clearance Report for 
Sandia , Inc . 's 

W . 1  .P.P H-19 Drill Location 
Situated on Department of Energy Lands in Eddy County-, N.M. 

PAC Report No, 94115 



Archeological Clearance Report for 
Sandia , Inc . 's 

W . 1  .P.P H-19 Drill Location 
Situated on Department of Energy Lands in Eddy County, N.M. 

PAC Report No. 94115 

prepared by 
Robert J. Martin 

submitted by 
Pecos Archeological Consultants 

P -0. Box 1771, Carlsbad, N.M., 88221 
26 July, 1994 

BLM Cultural Use Permit No. 6-2920-92-M 
State Blanket Survey Permit No. 94-024 



ABSTRACT 
On 20 Jul . , 1994, Pecos Archeological Consultants undertook an 
archeological inventory of a drill location scheduled to be impacted by 
Sandia Labs, Inc. The project will be situated on public lands in Eddy 
County, New Mexico. These lands occur in section 28, T22S, R31E Eddy 
co., N.M. 11.25 acres of D.O.E. lands were accomplished in 4 man-hours, 
including report preparation, by Robert J. Martin. No cultural remains 
were recorded as a result of field activities. Pecos Archeological 
Consultants are recommending clearance for this project, as it is 
planned. 



INTRODUCTION 

On 17 July, 1994, Pecos Archeological Consultants was requested by Mr. 

Wayne Stensrud, representing representing Sandia Labs, Inc., to perform 

the archeological survey for a drill location scheduled to be 

constructed in Eddy County, New Mexico. This land is administered by 

the Department of Energy and it will be impacted by construction of the 

location pad. Consequently, federal law requires that an intensive 

archeological inventory be performed to identify what cultural resources 

might be impacted by such construction prior to granting clearance to 

the project. Therefore, Pecos Archeological Consultants undertook this 

survey on 20 July, 1994. Fieldwork for this project was performed by 

Robert J Martin. The following is a report of the field activities and 

findings resulting from the survey: 

SURVEY METHODOLGY 

Pecos Archeological Consultants conducted the survey by physically 

examining the entire impact zone. Pedestrian inspection along parallel 

transects was accomplished for the 700 X 700 ft. well pad. These 

transects were spaced 15 meters apart; however, established transects 

were departed from to examine nearby areas of high site probability. 

~ f l  prominent deflations and denuded areas were given special attention. 

surface visiblity in the region, which, due to floral cover, ranged 

between 25-55% of the ground under dry soil conditions, made this the 

most practical methodology for effectively sampling the impact zone 

which will result from this project as planned. 



LfiCATIONAL DATA 

Sandia's d r i l l  l o ca t i on ,  designated as H-19, w i l l  measure 700 x 700 
ft, o r  an area of 11.25 acres-  The we l l  w i l l  be s i t u a t e d  1473.1 f t  from 
t h e  South L i n e  and 2459.22 from the  from the West L ine ,  or i n  the:  
NW1/4 SE1/4, s e c t i o n  28, T22S, R31E, NMPM, Eddy Co., N.M. 
SW1/4 ZjE1/4, s e c t i o n  28, T225, R31E, NMPM, Eddy Co., N.M. 
~ ~ 1 1 4  SW1/4, s e c t i o n  28, T22S, R31E,  NMPM, Eddy Co., N.M. 
NE1/4 SW1/4, s e c t i o n  28, TZZS, R31E, NMPM, Eddy Co., N.M. 

M a p  Reference: USGS Los Medanos Quadrangle, 7.5 Minute Series,  1985. 





ENVIRONMENT 

his project will be will be situated on the undulating to rolling plain in 

the vicinity of the Los Medanos region of southeast New Mexico. Character 

for the topography is provided in the form of stabilized sand dunes and 

duned ridges (microrelief, 0 -10m-3 -5m) and their attendant deflation 

basins. Local soils in the region consist loamy sands of the Pyote- 

~aljamar-Kermit or Kermit -Berino soil associations, or deep sands over 

ndurated caliche or bed caliche. These soils are drained by primarily 

internal means, except for rills and arroyos, which in some areas are 

subject to sheetwash. Occasional cherty inclusions can be seen; these 

result from the weathering of the Mescalero pediment and were deposited 

from the Ogallalan formation. Some of the lithic material is suitable for 

chipped stone tool manufacture. Santa Rosa Formation sandstone is 

occasionally visible in the deeper arroyo cuts away from the project area, 

and the material was an aboriginal raw material source for grinding tools. 

Elevation in the project area is approximately 3410 ft ft above sea level. 

The plant community in the project area includes shin oak (Quercus 

bavardii-) , (mesquite ( Prosopis .iul if lora ) , broom snakeweed (Gutierrezia 

~arothrae), and various grasses. Some of the common faunal types in area 

qre mule deer ( OdocoiLeus heminonus 1, pronghorn antelope (entiloca~ra 

gmer icanq), jackrabbit ( L e ~ u s  sp. 1, cottontail rabbit (Silvilanus sp. ), 

coyote (canis latrans), as well as other small mammals, birds and reptiles. 



ARCHEOLOGJCAL RESOURCFS 
scos Archeological Consultants performed a literature search to determine 
,f any archeological sites had already been recorded in the vicinity of the 
project area. Current BLM files and the National Register of Historic 
places were consulted in this endeavor. It was determined that no 
previously-recorded sites are within a reasonable distance of the project 
area. 

Observed Archeological Manifestations: 

NO archeological remains were recorded as a result of fieldwork for the 

.ro ject . 



RECOMMENDATIONS 

due to the absence of cultural resources in the project area, Pecos 

~rcheological Consultants are recommending clearance for this project, as 

planned. This recommendation is based on a surface inspection of the 

proposed impact zone; should additional, subsurface remains be present i n  

the project areas, they would not be detected without extensive test 

excavation. Of course, final clearance for this project must be granted by 

ihe appropriate government agency. 
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APPENDIX F 

List of Geophysical Logs Run 
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Geophysical logs for the drillholes on the H-19 hydropad were run by the U.S. Geological 
Survey, Water Resources Division, Albuquerque, New Mexico. In this appendix, the logs are 
incorporated by reference. The geophysical logs are stored in the Sandia National Laboratories 
WIPP Central Files under WPO#40460. 

NOTE: All depths measured in ft below ground level. 

Type of Log r o  

Caliper I (Deepened) 1 04-09-1995 

Natural Gamma 
(Deepened) 

Gamma-Gamma 
(Deepened) 

Neutron 

Neutron 
(Deepened) 

Caliper 

Drillhole H-19b0 
Depth Driller Bottom of 

Logged Interval 

735.5 736 

04-23- 1995 

04-23- 1995 

04-09- 1995 

04-23- 1995 

04-09- 1995 

Logged Interval Y-1 

- -- - 

Drillhole H-19bl 

Type of Log Date I D ~ P ~ : ~ D  Bottom of 
Logged Interval 

Natural Gamma 

Gamma-Gamma 

Neutron 

Drillhole H-19b2 

03-07-1995 

03-07- 1995 

03-07- 1995 

Logged Interval 
(ft) 

10-778.0 

10-778.0 

600-778.0 

732.6 

732.6 

732.6 

Bottom of 
Logged Interval 

(ft) 
778.0 

778.0 

778.0 

Depth Driller 
(ft) 

785.4 

785.4 

785.4 

Type of Log 

Natural Gamma 

Neutron 

Caliper E 
(ft) 

73 1.6 

731.6 

73 1.6 

Date 

09-06- 1995 

09-06- 1995 

09-06- 1995 

10-73 1.6 

10-73 1.6 

10-73 1.6 



Drillhole H-19b3 

Drillhole H-19b4 

Type of Log 

Natural Gamma 

Neutron 

Caliper 

Drillhole H-19b5 

Date 

09-05- 1995 

09-05- 1995 

09-05- 1995 

Type of Log 

Natural Gamma 

Neutron 

Caliper 

Drillhole H-19b6 

Depth Driller 
( ft  

784.9 

784.9 

784.9 

Date 

09-06- 1995 

09-06- 1995 

09-06- 1995 

Type of Log 

Natural Gamma 

Neutron 

Caliper 

Drillhole H-19b7 

Bottom of 
Logged Interval 

(ft) 
783.0 

783.0 

783.0 

Depth Driller 
(ft) 

78 1.5 

78 1.5 

781.5 

Type of Log 

Natural Gamma 

Neutron 

Caliper 

Logged Interval 
( f t ) 

10-783.0 

10-783.0 

600-783 .O - 

Logged Interval 
(ft) 

10-785.0 

10-785.0 

600-785.0 

Date 

09-06- 1995 

09-06- 1995 

09-06- 1995 

Bottom of 
Logged Interval 

(ft) 
776.0 

776.0 

776.0 

Date 

09-05-1995 

09-05-1995 

09-05- 1995 

Type of Log 

Natural Gamma 

Neutron 

Caliper 

Logged Interval 
(ft) 

10-776.0 

10-776.0 

600-776.0 

Depth Driller 
(ft) 

785.5 

785.5 

785.5 

Bottom of 
Logged Interval 

(ft) 
785.0 

785.0 

785.0 

Depth Driller 
(ft) 

788.1 

788.1 

788.1 

Logged Interval 
( ft 

10-776.0 

10-776.0 

600-776.0 

Date 

09-06- 1995 

09-06- 1995 

09-06- 1995 

Bottom of 
Logged Interval 

(ft) 
786.0 

786.0 

786.0 

Logged Interval 
(ft) 

10-786.0 

10-786.0 

600-786.0 

Depth Driller 
(ft) 

785.0 

785.0 

785.0 

Bottom of 
Logged Interval 

(ft) 
776.0 

776.0 

776.0 
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