


Table of Contents 
Task 1 of AP-088 

Introduction 

L Task 1 Elements 
Task I ,  Factor A 
Task 1, Factor B 
Task I .  Factor C 

Data Sources and Quality Assurance 

Discussion 

Computers and Quality Assurance 

Routine Calculations 

Personnel 

References Cited 

A ftachments and Appendices, unpaginated 

Source Table A 

Source Table B 

Maps: 
Drillhole ID Numbers 
Elevation of the Top of Culebra (m) 
Thickness from Top of Culebra to Base of Vaca Triste (m) 
Rustler Halite Margins . 

Appendix A Checkprints for Geologic and Elevation Data 

Appendix B Check of Routine Calculations 

Appendix C Location Data I 
Appendix D List of Electronic Files Submitted 

Appendix-E User's Instructions for Corpscon for Windows 5.1 1.08 

Information Only 



Dennis W. Powers, Ph. D. 
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April 17,2002 
Analysis Report for Task 1, AP-088, Construction of Geologic Contour Maps 

Introduction 
This analysis report has been prepared and subrni tted to meet the requirements of Task 1 of AP- 
088 Analysis Plan (effective 3/20/02) for evaluation of the effects of head changes on calibration 
of Culebra transmissivity fields. 
The analyst is Dennis W. Powers, Ph.D., Consulting Geologist, A~ithony, TX 79821. ' 

The general area for this study comprises 12 townships, located in township T21S to T24S, 
ranges R30-32E. The boundaries for subsequent tasks may be drawn differently to suit various 
needs, and an appropriate subset of the information provided in this report may be extracted for 
use. The data provided in this report were acquired through standard geological techniques. 

Because most of the information for this report is derived from drillholes, a basemap (Drillhole 
ID Numbers) is included with drill holes plotted by UTM (NAD27, Zone 13) coordinates. 
Drillhole ID Numbers are the key to drillhole data in the Source Tables A and B attached to this 
report. 

Task 1 Elements ' 

Three general factors have been identified with the potential to affect the transmissivity of the 
Culebra in the vicinity of the WIPP site: 

A) thickness of overburden above the Culebra, 
B) reduction in thickness of the upper Salado Formation by dissolution, and 

I , C) spatial distribution of halite in the Rustler Formation below and above the Culebra. 

As a basis for further analysis, factor A is represented by a contour map. Factor B is represented 
on a map as an approximate margin of the area beginning to be affected by dissolution of the . 

upper Salado. Factor C is delineated on a map by lines that represent as nearly as possible the 
boundary of the distribution of halite in the Los Medaiios, Tamarisk, and Forty-niner Members of 
the Rustler Formation in the study domain. 

Task 1. Factor A. The analysis plan calls for a map'of the thickness of the overburden above the 
Culebra. The report deviates from the analysis plan by providing a structure contour map of the 
elevation of the top of the Culebra Dolomite Member (Elevation of the Top of Culebra). Data for 
this map are included in Source Table-B. 

As part of Task 2, thickness of ~u lebr i  overburden will be calculated at grid points. The basic 
, 

concept is that values for the elevation of the top of the Culebra can be interpolated at useful grid 
points between contours on the structure map. Those Culebra elevation values can be subtracted 
from surface elevations derived from digital maps at those same grid points. Such a map will be I 
more useful than aemap of overburden thickness derived solely from data at the existing, 
irregularly spaced drillholes. Robert M. Holt will explain this method in more detail for Task 2. 
Thus the requirement for overburden thickness will be met as part of Task 2. 
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Task 1. Factor 8. The analysis plan lists the reduction of thickness of the upper Salado by 
dissolution as a possible factor contributing to Culebra transmissivity. The analysis report 
deviates from the Analysis Plan. A map (Thickness from Top of Culebra to Base of Vaca Triste 
(m)) is provided showing the margin or boundary of the area where the upper Salado has been 
dissolved. The thickness of this interval is a useful guide to locating this boundary. This approach 
varies slightly from the concept of directly relating the amount of dissolution to CuIebra 
transmissivity. Robert M. Holt will discuss the use of this margin as an indicator statistic for 
Task 2. 

The upper Salado has been, and presumably still is being, dissolved along the eastern margin of 
Nash Draw. On the basis of limited core information, Holt and Powers (1988)asuggested that 
formations overlying the dissolving upper Salado in Nash Draw are affected in proportion to the 
amount of Salado dissolution. The most direct way to estimate the spatial distribution of 
dissolution is to have cores of the upper Salado and basal Rustler and knowledge of the thickness 
to-marker beds (h4B) in the upper Salado. The upper Salado has not been coredfrequently, but 
geophysical logs from oil and gas wells, and descriptive logs of cores or cuttings from potash 
drillholes, provide considerable amount of evidence of the thickness of the lower Rustler and 
upper Salado, even though cores and cuttings are no longer available from industry potash 
drillholes. 

Potash industry geological logs examined at the Bureau of Land Management (BLM) in 
Carlsbad, NM, are quite variable in the quality of description and the stratigraphic interval . 
described. Drillholes from the 1930's and 1950's typically are the most descriptive; recent 
drillholes are commonly useless for this project because no strata are described above portions of 

. the McNutt potash zone of the Salado, near the middle of the formation. 
~. 

The top of the Culebra and the base of the Vaca Triste are the most consistent stratigraphic 
markers spanning the upper Salado that are recognizable across various types of records. As a 
guide to the limits or bounds of upper Salado dissolution, a map of the thickness from top of 
Culebra to base of Vaca Triste was prepared. In conjunction with previous work by Powers and 
Holt (1995) and the evidence of the structure of the top of Culebra (s'ee Factor A), an 
approximate boundary of dissolution was drawn. 

Task 1. Factor C. The boundaries of halite in the three non-carbonate members of the Rustler 
have been drawn several times on the basis of various criteria. For the most part they do not vary 
significantly. In the map (Rustler Halite Margins) drawn for this report, the margins are based 
principally on the work of Powers and Holt (1995), which is a continuation of work reported by 
Holt and Powers (1988). As discussed in Powers and Holt (1995), the boundaries drawn here 
vary slightly from those drawn by Snyder (1985). There are two reasons: 1) we divide the Los 
Medaiios Member (Powers and Holt, 1999; formerly called the unnamed lower member) into two 
separate halite-bearing units (Powers and Holt, 20001, and 2) our methods differed in that we 
added geophysical log signatures to identify haIite in areas where cores are not available. The 
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map (Rustler Halite Margins) includes n general diagram showing the relationship of halite- 
bearing strata to other members. 

The margins for halite have now been drawn in the area north of the WIFP site around the 
northeastern arm of Nash Draw based on the descriptions of halite encounters in the Rustler 
Formation in potash drill holes. In addition, a few areas have been'rnodified (from Powers and 
Holt, 1995) to the south and west of the WIPP based on the records from potash drillholes as 
well as the records of drilling H- 12 and H-17 for the WIPP. A table is included (Halite Depth 
Relative to Culebra in Potash Drillholes) that provides the basis for extending the halite margins 
in the areas where potash driIlhole data are now available. 

In 12 potash drillholes, halite was reported above the intercepts of the CuIebra or Magenta 
Dolomite Members. The boundaries for M-3/H-3 and M-4/H-4 margins have been drawn north 
of the WlPP based on these data. The depth below The Culebra at which halite was reported has 
also been used to draw the boundaries of the lower (M-1EH-1) or the upper (M-2M-2) halite- . 

bearing units of the Los Medaiios in this area. Anhydrite A- 1 divides the M-1/H-1 (below) and 
M-2m-2 (above) intervals. M-2 (no halite) is about 3 m (10 ft thick. If halite is reported within . 

about 10 ft of the base of Culebra or is clearly above A-1, H-2 is consided to be present. The 
M-IM--I interval is about 1 10-120 ft (33.5-36.6 rn) thick at the WIPP site. In potash drillholes . 

north of the WIPP site, where halite was reported less than 1 10 ft (33.5 m) below the Culebra, H- 
1 is present.. Within the zone for H-1, other drjllholes TrequentIy reveal depths to halite less than 
33.5 m. 

It should be noted that the report of "top of salt" or first salt in records for potash drillholes does 
not consistently mean the same,thing and is frequently not the uppermost halite. It may instead be 
the first halite that is encountered after coring begins or the first unit that is dominantly halite. 
Detailed inspection of logs sometimes shows halite described from cuttings, with a summary 
report of ''top of salt" much deeper. In some cases, it appears "top of salt" is an estimate of where 
the Salado-Rustler contact should be, 

Data Sources and Quality Assurance 

For the main records, four large-format printed maps have been included 

Drillhole ID Numbers 

Elevation of the Top of Culebra (m) 

Thickness from Top of Culebra to Base of Vaca Triste (m) 

Rustler Halite Margins. 

Source Tables A and B attached to this report are the sources of the locations and data values 
printed on the first three maps. Source Table A presents information about the drillhole name and 
location, including UTM coordinates by which they are plotted. Values for some outcrops and for 
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some township and range coordinates plotted on maps are also included in the first part. Source 
Table B presents the data values used for the Culebra elevation and the thickness of the interval . 
between top of Culebra and base of Vaca Triste. The basic values, which come from interpreted 
geophysical logs, basic data reports, logs of other drillholes (e.g., potash), or other reports (Holt 
and Powers, 1988; Powers and Holt, 1995; Kchey, 1989), are included so the calculated values 
(i.e., elevation and thickness) can be corroborated. 

The original sources of geological data for this analysis report are mainly Powers and Holt (1995) 
and Hol t and Powers (1 988) and new information derived by log interpretation by Powers. 
Geophysical logs used in these earlier reports were interpreted by Powers, and data used were 
checked according to QA procedures in effect at IT Corporation at the tiine of each report. They 
are accepted here, and only slight modifications have been made with time, mainly where 
transcription errors have been discovered. A1 l of the data can be independently checked, basic 
data reports are available for WIPP drillholes, geophysical logs for oil and gas wells are available 
commercially or at offices of the Oil Conservation Division (New Mexico)dn Artesia and Hobbs, 
and potash drillhole information is in files that can be accessed for stratigraphic information at - 
the Bureau of Land Management, Carlsbad, NM. No proprietary data are included: 

Appendix A includes checkprints of geologic and eIevation data where there were not previously 
available. . 

Discussion 

There are some common elements in the maps estimating Salado dissolution, Culebra structure, 
and Rustler halite margins. One element is in the m a  of UTM coordinates 615000 pasting) and 
3592000 (Northing). Potash drillhole data define an area where the Top of Culebra to Base of 
Vaca Triste is thinner, apparently indicating upper Salado dissolution. Halite is also not present 
in the lower halite-bearing part of the Rustler (M-1/H-I). Without additional information, it is 
not possible to distinguish between upper Salado dissolution and the possibility that halite has 
been removed from M-1iH- 1 in that area. 

Some areas have been identified where it is clear that halite has been dissolved from the M-3M-3 
interval after deposition of the Rustler. In the vicinity of drillholes H-19b0 and south, cores of 
several WIPP drillholes show brecciation of the upper Tamarisk Member anhydrite in response 
to dissolution. Another area, previously discussed in Holt and Powers (1988), Powers and Holt 
(1995), and Beauheim and Holt (1990), is around WIFP 13, and it may represent an outlier of salt 
left behind during syndepositional removal of halite from the M-3 areas west of the WIPP site 
(Powers and Holt, 2000). These areas have been indicated in the maps, but they have not been 
extended interpretively as was done in Beauheim and Holt (1990). The depositiona1 margins of 
halite in these units is the likely area where dissolution, if any, has taken place since deposition 
of thk Rustler. It has clearly been dissolved along that area fmm H-19b0 to the south. 

Computers and Software 
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The following is a summary of the various personal computer technologies (software and 
hardware) used in the process of compiling and analyzing the Culebra T field source data for 
Task 1 of Analysis Plan AP-088. Three software applications were utilized in the creation, 
identification, and organization of drillhole data records: Microsofr Access 97 SR-1; Microsofr 
Excel 97 SR-I; and Microrim R:Base 6.0. A conversion program developed by the U.S. Army 
Corps of Engineers, Corpscon for Windows 5.11.08, was used to convert State-Plane coordinates 
(NAD 27) into UTM (NAD 27) coordinates where location information was available solely in 
State-Plane coordinates. Plots and graphs were generated using Grapher 3.03, a two-dimensional 
graphing system developed by Golden Software, Inc. The graphic files were then imported into 
Adobe Illustrator 8.0 for formatting, and finally exported as Adobe Acrobas 3.0 files for printing. 
Word processing needs were accomplished using Word 97 SR-I. A11 software was run on a Dell 
Dimension XPS R400 with an operating system of Microsoft Windows 98. Large format maps 
were printed at Kinko's from Acrobat (pdf) files. 

Electronic files attached to this report are in Excel 97, Acrobat 3.0, or Word 97 formats. 

Routine Calculations 

Two routine kinds of calculations were made to support this work. The first is simple subtraction 
of values in the data table to obtain either an elevation for the Culebra (Reference Elevation - 
Depth to Culebra) or the thickness of the interval between the base of the Vaca Triste and the top 
of the Culebra (Base Vaca Triste - Top Culebra). A table of 10 such values is included 
(Appendix B) where the values were calculated using a standard hand calculator (Casio fx- 
300W) to verify that the fomula used in Excel 97 properly calculated the values. As Excel 97 is 
a standard spreadsheet, no further checking of this function was conducted. Note that the metric 
units are rounded to the nearest meter, as. there is not believed to be any geological significance 
to the decimals. 

The second routine calculation made for use in relating Rustler halite in potash drillholes is that 
the formula in Excel 97 to convert English units (ft) to metric units for the depth to the base of 
the Culebra and to first reported salt. A table (Appendix B) is included showing 17 conversions . 

with non-zero numbers verified (rounded to eliminate decimals). Some data were available in 
metric units and were directly used. 

For location data, it was desired to use UTM coordinates for drillholes and other features. A large 
number of the drillholes had locations in NM State Plane (NAD27) coordinates provided by 
Dave Hughes (Westinghouse): These were accepted as given. Equivalent locations were not 
available for the potash data acquired for this project. The drillholes were plotted on 7.5 minute 
quadrangle maps using standard township-range-section coordinates, and the NM State Plane 
Coordinates were then read f& the map. These locations were 100% checked, and the methods 
modified when early checks revealed about 10% location errors. Twenty records were selected 
using the random number generator in Excel 97 for spot checking (Appendix A). The locations 
were rechecked and the State Plane coordinates were read without knowledge of the previous 
coordinates. All checked within a 50 ft, which is about best accuracy to be expected using maps 
and an engineer's scale. As these geoIogical data are not particularly sensitive to that variation, it I 
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was deemed acceptable. Some later location data were read as ZTTh.I (NAD27) coordinates From 
the maps, All State Plane coordinates were converted to UTM (NAD27) coordinates using 
Coquscon for Windows 5.11.08. To verify the conversion of State Plane to UTM coordinates, 
four locations in State Plane (NAD27) coordinates (left hand column below) were converted to 
UTM (NAD27) coordinates (right hand column below). These four locations are within the study 
area for Task I. Within the limits of reading the map using an engineer's scale, these coordinates ' 
match. The coordinates checked were: 

Horizontal Datum: State Plane, NAD 27 Horizontal Datum: W M ,  NAD27 
{located on quadrangle maps) Horizontal Zone: 13 

Horizontal ~ n i  ti: Meters 
State Plane X Y 1Tr%hl X Y 
CHECK1 650000 5 10000 e CHECK1 608404.72683 3585298.74965 
G~CK2650000490000 CHECK2 608442,704 16 3579204.01 345 

. CHECK3 670000 540000 CHECK3 6 14442.41641 3594478.9443 1 
CHECK4630000510000 CHECK4 6023 10.01957 3585260.74438 

Corpscon is a standard tool for converting between these coordinate systems.~~lder WIPP . 
. .  

' drif I holes are generally located according to coordinates provided by Gonzales.(1989). A test was ; 

performed (Appendix 6) using Gonzales (1989) coordinates. Conversions are generally within a , 

few meters, which is again sufficient for this task. Determining the teason for thedifferences 
from Gonzales (1989) is beyond the scope of this task. 

4 

Personnel 

Dennis W. Powers did the geoIogica1 interpretation and map construction. Chris Mahoney (B.A., . 

M.Ed.) assisted with data management and some quality checks of data transcription and. 
calculations. Mahoney is employed as Technical Associate to Powers. 

- 
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Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste 
145 
150 
144 
143 

, IDNumber 
1539 
1540 
1541 
1542 

Refhence 
Elmtion (m 

amsl) 
1030.8336 
1032.0528 
1040.5872 
1027.176 

1546 
1547 

542 
474 

1007.9736 
1020.7752 

1543 
1544 
1545 

Elemtion (m) of 
Top of Culebm 

728 
739 
724 

Depths (m) fram Reference Elevation to 
Straiipphic Unit 

10229088 
1025.9568 
1009.1 928 

335 
401 
379 

, 

Base of Vaca 
Triste 

448 
443 
461 

1548 

688 
625 

630 
377 
344 

I 

Top of Culebm 
3U3 
293 
317 

490 

1015.59361 534 381 
1549 
1550 
1551 

631 
677 

347 

165 
130 

' 635 

680 

153 
1 149 

605 1 229 
677 1 240 

I01 9.8608 
1063.752 

1060.0944 

15621 1011.936 593 370 642 223 
1563 1021.9944 567 348 674 21 9 
1564 1019.2512 571 356 663 21 5 
1565 1043.0256 596 357 686 239 
1566 10320528 489 283 749 206 
1567 1015.5936 533 318 698 21 5 
1568 1033.5768 546 326 708 220 
1569 , 1013.46 584 357 656 227 
1570 101 9.86081 609 381 639 228 
1628 11 74.3944 858 671 503 187 
1629 1140.2568 735 523 617 212 
1630 

1631 
2632 
1633 
1634 
1635 
1636 
1637 
1638 
1639 

. . I 6 4 1  

522 
688 
623 

373 
459 
383 

1060.704 
1115.2632 
1088.7456 

11 10.996 
943.0512 

670 
612 
536 

2452 
447 
408 
339 

1100.9376 
1068.6288 

M 2  
424 

727 5991 225 
645 

799 
668 
681 
772 

223 
204 
197 

904.6464 
1053.3888 
1135.6848 669 

1039.368 

212 
326 
679 

21 41 825 
467 
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, IDNumber 
1642 
1643 
3000 
3001 
3002 1033.040352 207 
3003 1046.62224 
3004 11X312712 
3005 3 039.371048 220 
3006 1041.53208 226 
3007 1020.1656 1 28 892, 
3008 1041.37968 213 
3009 1055.03472 247 
3010 1060.746672 

-- 
257 

301 1 1045.6164 233 
301 2 1030.71 168 198 
301 3 1024.67664 I77 
5000, 1099.41 36 4441 254 845 192 
5002 1092.708 4361 242 851 194 

C 

5004 1089.66 431 240 850 191 
5005 1092.0984 435 247 845 188 
5006 1098.4992 447 
5007 1088.136 430 243 845 187 
5008 1087.5264 433 251 837 182 
5009 1094.232 441 253 841 188 

5010 1097.28 449 256 841 193 
501 1 1100.0232 445 

5012 1096.9752 447 255 842 192 

5014 1086.3072 432 243 843 189 
501 5 1090.8792 482 288 603 194 
5016 1096.9752 477 285 81 2 192 
5019 1090.2696 457 265 8251 192 
so20 1085.088 443 255 $301 188 

5021 1095.756 477 
5022 , 1090.2696 456 265 825 191 
5023 1087.22161 442 256 831 186 
5024 1098.804 479 282 81 7 197 

5025 1098.4932 467 274 824 193 
5027 1110.0826 489 294 816 195 

5028 1099.4136 494 296 803 198 

5029 1105.2048 512 309 796 203 

5030 1093.0128 506 302 791 204 

5032 1091.7936 490 294 798 196 

5033 1089.3648 493 297 793 196 
5034 1087.8312 496 297 791 199 

5035 1088.136 489 294 7941 195 

Reference 
Elevation (m 

arnsl) 
1031.4432 
1040.2824 
999.298992 
1042.1112 

Depths (m) from Reference ETevafiotl to 
Smti~raphic Unit 

Elevation (m) of 
Top of Culebra 

Base ofvaca 
Triste 

1 

Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste Top ofcadebra 
215 
210 

816 
830 



c 
Source Data Table-B for Task 1, Analysis Plan AP-088 

Informtion Only 
SY 

m 

IDNumber 
5036 
5037 
5038 
5039 
5040 
5041 
5042 
5043 
5044 
5045 
5046 
5047 

Reference 
Elevation (m 

amsl) 
1087.8312 
1088.7456 
1094.8416 
1088.7456 
10829544 
1085.3928 
1097.5848 
1089.3552 
1096.9752 

. 1099.4136 
1080.8208 
1096.6704 

5048 1 1091.184 
t 

Depths (m) from Reference atevation to 
Strati~raphic Unit 

788 1 204 

Elevation (m) of 
Top.of Culebra 

792 
799 
785 
787 
789 
792 
785 
790 
786 
790 
7-n 

Ba@e ofvaca 
Triste 

492 
482 
519 
506 
494 

507 

5060 
5061 
5062 

5063 
5064 
5065 
5066 

Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste 
196 
192 
209 
204 
200 
198 
209 
203 
210 
208 
213 

TOP 0fWebra 
296 
290 
310 
302 
294 

303 
7801 21 3 

491 
522 
502 
521 
517 

, . 517 
530 

1010.4~21 , , 265 

293 
31 3 
299 
311 
309 
304 
317 

990.61 
959.8152 
980.2368 
983.8944 

5068 
5069 
5070 
5071 
5072 
5073 

158 

103 
146 
140 

172 
225 
263 

1071 903 

1 
691 891 

1118.9208 
1105.5096 
1102.4616 
1098.1944 
1098.4992 
1087.2216 

141 980.8464 

79 
123 

457 
437 
436 

901 
861 

262 
252 
259 

857 
854 

5075 
5076 
5079 

w 

5080 
5081 
5082 
5084 
5085 
5086 

992.4288 

437 
438 
410 
424 
432 
509 
51 1 
501 
496 
351 
327 
339 

195 
187 

1090.5744 
1094.5368 

1112.52 
1214.044 

1122.2736 
11 30.5032 
1021.6896 
1011.6312 
1023.2136 

879 243 102 

843 

283 

190 
191 

177 

247 
247 

138 854 

851 
851 

145 

233 
239 
244 
310 
312 
310 
314 
162 
141 

, 151 

854 
852 
851 
803 
802 
812 
817 
860 
871 
872 

177 
185 
188 
199 
199 
191 
182 
1 89 
186 
188 
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Informatl~n Only 

Thickness (m) 
between Top of 

Cufebra and 
Base of Vaca 

Triste 

193 
183 

Depths (m) from Reference Elevation to 
Stratipphic Unit 

Refetence 
~lmtim (m Base of Vaca 

IDNumbeT arnsl) Triate Top of Culebfa 
5087 1009.4976 307 

Elevation (m) of 
Top of Cdebra 

5090 1019.2512 336 146 
5091 976.2744 233 
5092 774.4456 273 126 
5093 967.4352 259 116 
5094 985.1136 274 128 
5095 983.8744 279 126 
5096 973.5312 265 114 
5097 968.9592 256 120 
5098 971 .TO24 267 122 
5099 980.5416 280 
- 

5100 985.1 136 290 120 

5088 1094.232 438 245 
5089 1010.1072 317 1 34 

849 
876 
8731 190 

848 
851 
857 
858 
860 

147 
143 
146 
153 
151 

145 
145 
182 

5101 971.3976 269 124 
5102 973.2264 270 1 25 
5103 1024.4328 371 189 

847 
848 
835 

8591 146 
850 

865 

5104 1014.984 337 146 
5105 1016.8128 345 156 
5106 1012.5456 333 143 
5107 1016.81 28 -1 

145 

1 70 

869 
861 
870 
862 
869 
862 

191 
189 
390 
185 
187 
184 

5109 10122408 
5110 1019.2512 

986.94217 
5112 983.8944 

330 
341 
276 
292 
349 
322 
266 
315 
336 
324 
321 
325 
330 
293 
351 
368 
347 
387 
350 
295 
31 1 
218 
291 
529 

5113 
5114 
5115 
5116 
5117 
51 1 R 
5119 
5120 
5121 
5122 
5123 
5124 
5125 
5126 
5127 
5128 
5129 
5130 
5131 
5132 

L 

143 
157 
144 
1 44 
133 
132 
124 
123 
149 
132 
120 
140 
142 
f 47 
137 
181 
162 
205 
122 
110 

101 
318 

843 
840 
873 
875 
847 
891 
869 
882 
885 
873 
878 
835 
877 

1005.84 
1007.364 
971.3976 
1014.0696 
1017.7272 
1014.0696 
1013.1552 
1013.1552 
1019.556 
981.7608 
1014.0696 
1033.5768 
1024.7376 
1043.94 
101 0.41 2 
1011.3264 
1009.1 928 
956.1 576 
1002792 
1075.944 

132 
148 
21 6 

1 90 
142 
192 
187 
192 
193 
185 
188 
146 
21 4 

853 
863 
839 
889 
901 

902 
758 

187 
185 
182 
229 
185 

190 
21 1 
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Informztti~n Only 

Depths (m) from Reference Elevation to ' Thickness (m) 
Strati~taphic Unit 

I between Top of 
Reference Culebra and 

Elevation (m Base 0fVaca Elevation (m) of Base of Vaca 
IDNumber amsl) Triste Top of Culebra Top of Culebra Triste 

5133 1064.3616 501 294 770 207 
5134 1027.7856 399 195 833 204 
5135 1025.9568 398 189 837 209 
5136 1021.6896 390 1801 842 210 
5137 1024.7376 393 184 841 209 
51 38 1023.2136 372 184 839 208 
51 39 1027.7856 399 193 835 206 
51 40 
5141 
5142 
5143 
5144 
5145 
5146 
5147 
5148 
5149 
5150 
5151 
5152 
5153 
5154 
5155 
5158 
5159 
51 (XI 

. 5161 
5162 
5163 
5164 
5165 
5166 
51 67 
5168 
5169 
5170 
5171 
5173 
5174 
5175 
51761 

1027.7856 
1012.5456 
1011.0216 
10125456 
1014.0696 

. 1014.6792 
1024.128 
1014.0696 
1017.7272 
1014.0696 
1015.5936 
1017.423 
1014.984 
1052.4744 
1071.9816 
1064.9712 
11 16.7872 
1121.0544 
11 10.6912 

1135.38 
1140.5616 
1144.8288 
1147.8768 
1137.2088 
1141.476 
11426952 
1157.0208 
1149.4008 
1159.1 544 
1141.7808 
1133.2464 

. 1140.8664 
1137.8184 
1152.144 

51771 1144.2192 ~ 

401 103 835 208 

51801 1141.1712 51 9 323 818 196 
5181 1 1130.1984 5321 329 801 203 

387 
372 
376 
380 
381 
386 

365 
337 
335 
352 
347 
488 
520 

526 326 818 200 

181 
172 
173 
173 

535 w 803 205 

215 
21 1 
210 
206 
222 
223 
21 5 
210 
21 4 
224 
195 
194 

832 
839 
840 
841 

206 
200 
203 
207 

769 
776 
777 
776 
791 
806 
798 
797 

511 
552 
554 
541 

204 
209 

199 
200 

200 
21 7 
212 

, 177 
177 

138 
135 

147 
271 
308 
296 
341 
344 
335 

527 
529 
524 
535 
525 
523 
522 

838 
847 

876 
881 

868 
781 
764 

561 
570 
535 
524 

5661 344 

332 
336 
325 
328 
328 
328 

558 
562 
561 

347 
346 
340 
3% 

335 
347 
351 

324 826' 196 

790 
795 
803, 
827 
817 
823 
817 
805 
813 
810 

195 
193 
199 
207 
197 
195 
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Infor~~rztti~n Only 
57 I 

Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste . 
199 
202 
196 
198 
201 
200 
199 
202 
210 
21 3 

Elevation (m) of 
Top of Culebra 

828 
829 
837 
802 
819 

IDNumber 
5182 
5183 
5184 
5185 
5186 

5193 
5194 
51 95 
5196 
5197 
5198 
5199 

51 88 

5189 
5190 

v 

5191 
5192 

Reference 
E l d o n  (m 

amsl) 
1153.0584 
1146.3528 
1156.716 

Depths (m) from Reference Elevation to 

1130.5032 
1128.3696 
1123.7976 
1130.5032 

, 1130.5032 

7 - 1145.4384 1 796 21 1 
5201 1150.0104 570 354 796 216 
5202 11 46.6571 796 225 
5203 1146.9624 559 3491 798 210 
5204 1148.1816 561 351 7971 210 

Stratigraphic 

Base ofvaca 
Triste 

524 
519 
516 

541 
546 
547 
553 
535 

1135.9896 
11 11.3008 
11 35.6848 
1109.472 
1121.0544 

334 
338 
336 
339 
330 

5206 
5208 
5209 
5210 
521 1 
5212 
5214 
5216 * 
5217 
5218 
5219 
5220 
5221 
5223 
5224 
5226 
5227 
5228 
5229 
5230 
5231 
5232 
5233 

Unit 

TOP of t2ufebra 
325 
31 7 
320 
326 
317 

518 
509 
528 
539 
552 

1128.6744 

1128.06481 524 

318 
310 
326 
329 
339 

, 1135.9896' 
818 
80 1 
810 
780 
782 
737 
790 
788 
792 

1 139.952 558 1 348 

518 

5641 354 

207 
, 208 
21 1 
214 

1137.51363 559 

nsl 210 
801 205 

350 
392 
376 
402 

357 
370 
370 
339 
325 

1156.1064 
1142.0856 
11 34.7704 
1125.9312 
1113.4344 
1118.9208 
1108.5576 
1078.3824 

607 
586 
61 7 
567 
580 
580 
555 
543 

788 
764 
766 
733 
769 

1078.992 
1067.1048 
1082.04 

1126.5408 
1128.6744 

209 
21 5 
210 
21 5 
210 

754 
763 
746 
725 
714 
720 
673 
71 6 

218 
21 5 
217 
214 
214 
213 
216 
210 

5431 
519 
553 
61 6 
629 

183 
190 
215 
203 
198 
207 

743 
749 
770 
753 

325 
304 
336 
402 
415 

210 
210 
21 6 
21 8 

415 
463 
372 

1134.7704 
1135.6848 
1088.4408 
1086.91 68 
1126.5408 
1141.7808 
1121.9688 
1110.996 

11 33.551 2 

628 
679 
582 
526 
580 
620 
589 
536 
550 

343 
390 
405 
386 
338 
343 

744 
737 
737 
736 
773 
791 
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Source Data Table-B for Task 1, Analysis Plan AP-OSS 

Depths (m) from Reference Elevation to 
Stratigraphic Unit 

Thickness (m) 
between Top of 

Reference Culebra and 
Elevation (m Base of Vaca Elevation (m) of Base of Vaca 

IDNumber amsl) Triste TOP of Culebra Top of Culebra Triste 
I 

5279 1 134.7704 605 386 749 21 9 
5280 1130.5032 524 328 803 196 
5301 1000.0488 
5302 979.6272 243 101 879 142 
5303 995.7816 
5304 1120.14 463 275 845 188 
5305 1082.9544 407 226 857 181 
5306 1071.372 396 221 8501 175 

. 5307 1106.1 192 440 255 851 185 

5308 1094.232 41 8 241 853 177 
5309 1197.5592 m 5851 613 192 
5310 1109.472 557 356 1 753 201 



Source Data Table-B for Task 1, Analysis Plan AP-088 

Depths (m) from Reference Elevation to 
Strati~raphic Unit 

Thickness (m) 
between Top of 

Reference Culebra and 
Elmtion (m Base of Vam Elevation (m) of Base of Vaca 

IDNwnbe~ amsl) Triste Top of Culebra Top of Culebra Triste b 

5344 1092.708 521 308 785 21 3 
5345 1160.3736 482 287 873 195 
5346 1160.9832 485 304 857 181 

5347 1163.1 168' 501 293 - 870 208 
53 48 1136.904 458 263 874 195 
5349 1104.9 457 263 842 194 

, 5350 1103.0712 443 251 852 192 
5351 11 14.044 442 244 870 198 
5352 11 14.3488 496 30 1 813 175 
5353 11 60.06881 
5354 1159.7641 495 . 300 860 195 
5355 1163.72641 5031 309 855 194 
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Informatibn Only I 

CeT 

I 

L 

i 
Thickness (m) 
between Top of 

CuIebxa and 
Base of Vaca 

Triste 
214 
21 1 
21 1 

&emtion (m) of -- Top of Culebra 
720 
726 
704 

IDNumber 

7141 212 

Reference 
~ l ~ t i ~ ~  (m 

amsl 

Depths (m) from Reference Elevation to 
Stratiwphic Unit 

I 

Base of Vaca 
I) Triste 

617 
608 
647 

5394 

, 

- Top of Curebra 
403 
337 
436 

649 1151.2296 

5391 
5392 
5393 

437 

11 225784 
1123.4928 
1 139.6472 

5395 
5396 
5397 

653 
659 

650 
655 
612 
637 

11 50.0104 
1146.3528 
1147.8768 

439l 7111 214 

5398 
5399 
5400 
5401 
5402 

Y 

5501 
5502 
5503 
5504 
5505 
5506 
5507 

177 
181 
177 
172 

- 

451 
438 
426 
408 
421 

11 10.996 
1088.7456 
1088.7456 
11 16.7872 
1093.31 76 
1059.1 8 

1055.8272 
1052.7792 
1059.7896 
1051.2552 
1053.6936 
1073.0484 

820 
822 
813 
826 

876.3 
894.3 
893.1 

906.8 

5641 360 

242 
247 
250 
239 
77.7 
10.7 
122 

6.1 

5508 1061.9232 41 9 

695 
710 
685 
68 1 
668 
757 

576 
430 
430 

5509 - 
5510 
5511 
6122 

- 

6144 
6145 
6146 

208 
212 
229 
204 
21 6 
204 

369 
247 
247 

61 47 
6148 
6149 
6151 
6155 
61 56 
61 57 

181 
178 
181 
182 
183 

426 
417 
417 
415 
422 

908.3 
907.7 
916.5 
901.6 
918.1 
908.3 
926 

1069.32984 428 

25.61 8827 

724 
812 
809 

61 58 
6161 
61 62 
6163 
61 64 
6165 
6168 
6169 
61 70 
6171 
6172 

1063.1 424 
1064.6664 

954 
305 

905.3 

7.6 
5.8 

12.2 
16.8 
1.8 
21.9 

207 
183 
183 

2451 808 

427 
41 1 

900.1 
910.7 
889.4 
901.3 
906.5 
904.1 

239 
236 
233 
239 

9129 

941.8 
987.9 
988.8 
988.8 
955.3 
935.7 
1001 
986 

934.8 

821 

821 
834 

o-p 

, 

956.8 1 
986 1 

3 3.7 1 928. I 

86.91 901 
96.91 891.9 
91.4 
18.3 
22.9 
94.5 
66.8 
31.1 
34.7 
70.7 

897.4 
937.6 
912.8 
306.5 
919.2 
903.7 
9221 
915.3 
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Herb Depth Relatiie to Culebra in Potash Drillholes 

I 

I 

I 
I 

I 

Infornfatbn Only 
- - 

OY 

above (-) base above (-) base of 
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Halite Depth Relatie to Culebra in Potash Drillholes 

Inforrrfztibn Only 
d 

L 

Depth (ft) to salt Depth (m) to sall 
below (+) or below (+) or 
above (-) base above (-) base of 
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Halite Depth Relative to Cutebra in Potash Drillholes 

Infornfatibn Only 
hk 

L 

Depth (ft) to Salt Depth (m) to salt 
below (+) or below (+) or 
above (-) base above (-) base of 



Depth (ft) to salt Depth {m) to salt 
below (+) or below (+) or 
above {-) base above (-1 base of - 

t ime Deptn Relatlve to Cu leh  in Potash Dllllholes 

I 

I 
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Checkprints for Geologic and Elevation Data 

April 17,2002 
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Dennis W. Powerr, Ph.R 
CansuHing 'Geologisi . 

Task 1, AP-088 Aprll 17,2002 

Appendix A Notes 

The foilowing fbur checkprints reflect several data checks. 

1) The geologic data (depth in feet) for the top of Culebra and base of VmTriste taka fkorn 
BLM-Carlsbad records were 1 OOOh checked for transcription errors. Corrections af geologic 
a d  a few location records are noted in checkprints 2 and 3. 

2) The first checkprint in this series also served as a checkprint for State Plane X and Y 
coordinates for 20 randomly selected potash ddlholes for which State Plane X and Y 
coordinates were obtained by plotting locations on standard 7.5 minute quadrangle maps. The 
XCOORD and YCOORI) coturns are checked in blue. The drillholes were located on maps 
again by township, range, and section descriptions; the State Piane X and Y coordinates were 
again determined, without reference to the previous coordinates, and were read out loud to a 
checker (Mahoney). Nineteen of the 20 locations checked were within * 50 ft, which is 
acceptable as the original reading is not expected to be better than about 25 ft. The 
remaining measurement, about 100 fi different from the original, was a w e d  as a better 
representation of the location of the drillhole. Note that the main checkprints of State Plane X 
and Y coordinates and UTM coordinates are included in Appendix C. 

3) Some devation data were read from topographic maps (7.5 minute quadrangle maps) where 
the original data (e.g., geophysical logs) did not include an elevation. 
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Inform3tion Only 

















InformRGon Only 



* .  . -  
- r  - L C .  

414102 

Inform~tion Only 
aa 
09 





Appendix B 
Check of Routine Calculations 

Dennis W. Rowers, Ph.D= Task 1, AP-088 April 17, 2002 

Consufing Geologist 

I 

I 

1 
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Dennis W. Powers, Ph,D. 
Consulfing Gedogisf 

Task 1, AP-088 April 17,2002 

Appendix B Nata 

This Appendix includes twa checkprints. The &st checkprint vdies  the cell formula for 
calculating the elevation of the top of the Culebra (xeFerenw elevation - depth to Culebca) and the 
thickness of the interval between the base of the Vaca Triste and the top of the Curebra (base of 
Vaca Triste - top of Culebra). The second checkprint verifies the cell formula for calculating 
mettic conversions of English units. The conversion faer  (feet x 0,3048) is standard, and the 
redts were rounded to the nearest meter. 
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m 

8 
E 

lhese vdnes have been calculated to verifV the calculations made by Excel 97 SR-t running on a DeIl Dimension 400. 

0 

q& 3 b 
0 
C. 
E 
H 

veacatioa of 
cslcdation of thickness 
be- tap of Cdcbm 
md be of vr. T k t e  

@Be o f ~ x ~  T&~c- 
Top of culcbra) 

188 
1x9 
/by 
1 /f 

/ 7 5  
I t 3  
1 7d 
19 1 

19 y 

Verification of 
calculatiw of 

elevation of m~ of 
CUkbn @?&- 
~ l e v s ~ o n  - Top of 

Culebra) 
7 3 0  
q f b  
7 9 7  
899 

~ h i ~ b ~ ~  
between Top of 

'Idebrn pnd 
Base ofVaca 

Triste 
I88  
184~ 
169 
119 
175 

Elmtion (m) of 
Top of Culebra 

730 
916 
797 
899 
911 

IDNumber 
21 5 
21 6 
230. 
232 
452 

884 
902 
880 
908 
897 

Reference 
Elevation (m 

amsl) 
1081.1256 
1055.8272 
1051.56 
981.456 

1045.464 

Depths (m) ftom Reference Elevation to 
Stratipaphic Unit 

185 
172 
191 
193 
194 

454 
455 
456 

Base ofVaca 
Triste 

539 
324 
424 
201 
309 

884' 
?02' 
88 0 
408 
f97 

1064.0568 
1055.5224 
1087.2216 

Top of C~lebm 
351 
140 
255 

82 
134 

365 
326 
378 

458 
459 

180 
154 
207 

1056.7416] 342 
1062.228 [ 357 

143 
165 
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Dennis W. Powers, Ph.D. 
Consulting Geologist 

Task 1, AP-088 , April 17,2002 

Appendix C Cotes 

There are several parts to Appendix C: 

1) The first sheet shows two tables in which the method of deriving State Plane X md Y 
coordinates by plotting locations on 7.5 minute quadrangle maps. The tomhip, range, 
section information was used to plot and drillhole location. The State Plane X (casting) and Y 
(northing) coordinates were read from the map grid using an engineer's scale. The sheet shows 
two attempts, both af which maled shortcomings, mainly due to readings from the wrong 
grid coordinates. The solution was to use distinctive wlor lines fox the reference State Plane 
X and Y coordinates (at 1 0000 ft intervals). The random, blind check of State Plane X and Y 
coordinates of 20 drillholes (see Appendix A) did not indicate any problems with this modified 
approach, 

2) The next two tables include recorded State Plane X and Y coordinates r e d  from the map by 
the method described above. 

3) The fourth and fifbh tables slre 100°/o check of the transcription of State X and Y c ~ o ~ f l a t e s  
in the tables listed in 2) above. 

4) The sixth through ninth tables are record table and  heckp prints for the UTM X and Y 
coordinates obtained for drillholes selected h m  the report by Richey (1989). The process 
was identical to that listed in 1) above, except the d d  reference was UTM rather than State 
Plane. 

5 )  The last sheet in this appendix (UTM Cooldinatw fmm Corpscon for Selected Drillholes 
Compared to UTM Coordinates in Gonzales (1989)) compares the ~ortversion of State 
Plane to UTM coordinates by Corpscon to the coordinates included in the report by Gonzales 
(I 989). This is an additional comparison to that included in the text. 







I ' 1  - 

j , 225IMCCWaterTst12 621 750 5131S7 22 29 12 13861, GFIvw . 226 IMCC Water Test #l 62 20 ~ * l  5 ]3*)&b 22 29 22 107011 2 6 0 4 ~  I 
I . 224 IMCC Water Test #3 & % I  6 9 3  .51237z 22 29 12 176411 1 9 5 9 ~  I 

227 1-323 639dS'o 5i 5 3 5 0  22 30 41324s 1518e 
, 812 D-198 ('.43das- 4q3475 22 30 27 38s 2643w > 

228 U-97 C, Y3L3q L.fq3"t i 22 30 9 301s 305w 

t 229 0-250 (P4qdob 470875 22 30 35 z/uOs 245be > 

870 0-250-A bq (I 242- J ~ Q  p a 5  22 30 35 2810s 2503e 
@ 1631 Dual Prodtletion Co. Richardson-Bass Sate  No. 1 730500 yr5Sf$ 22 33 5 660s 330e 

901 27 6 4 S 7 5  Y868SO 23 30 3 1278n I 184w - . 1Tf8  Curtis Hankamer, Hankamer No.1 Continental Federal & 8 9 600 457a~0 23 32 31 660s 66W 

1268 Curtis Hankamer, GUI~-~edera~ A-A #I 70as'as YJ 1 gf v 23 32 21 06On 1980s 

1285 John H. Trigg, Federal WL No. 2-35 711f 4 6  $60 %50 23 32 35 1650n 99Qe 
8 1213 John H. Trigg, Federal WL #3-25 7fiYlQo +L AAQO 23 32 28 330s 330e 
r 1299 Continental Oil Company, Marshall #3 7 3.~5'00 4b8080 23 33 19 660s 1 9 8 h  

4 1390 Charles B. Read, Bradley #3 ? / ~ W O  dLfDd00 24 32 23 660n 660e - 
1 1359 Calm, Marathon State #I 71 ad69 455'6 00 24 32 2 7 990n 7 990w 

t 403 David Fasken, Gulf State #7-2 7X3000 ~ ? X L L  24 33 7 231011 231 Ow 
1426 J. Glen Bennett, Superior #I-8 25 29 8 980n 660w 

1446 Raloh Low, #'I-X R&B Federal A 25 30 17 610n 61 Ow 
1447 ~ l a h o  Corporation, Poker Lake Unit #I 1A-7 25 30 17 660s 660w 
1441 Ralph Lowe, T&P State #I 25 30 8 B60n 660w 
1443 Ralph Lowe, Poker Lake State #3 ' 25 30 81980s 66% 
9454 Central States Oil Company, Poker Lake Unit No. 38 25 30 19 330n 900e 
1444 Alamo Corpomtion. Poker Lake Unit #SX-IA 25 30 10 660s 64% 
1439 Ralph L o w ,  Poker Lake State #1 25 30 8 663s 667w 
1442 Ralph Low,  Superior State #I 25 30 8 1980s 1 9 8 0 ~  
1452 Ralph Lowe, R&B Federal #I 25 30 18 66On 660s 
1458 Alamo Corporation, Poker Lake Unit -2A 25 30 21 660n 660e 
1462 J.A. Leonard, Continental State No. 1 25 31 32 680n Mow 
1508 Texaco Incorporated, Cotton Draw Unit #64 25 32 18 660n 1 6 5 0 ~  
1498 Tannew Oil Company, Monsanto State #8 25 32 161660s 990w 
151 8 Perry R- Bass, Pefiy Federal #3 25 32 21 330s 330e 
1532 T exam Incorporated, G.E. Jordan Federal No. 4 25 32 25 660s 1 9 8 0 ~  

( 1538 Texam Incorporated, Cotton Draw Unit No. 54 25 32 281980n 2310e .- 1 d / ~ / ~ d  
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