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Addendum 2 
To Analysis Report for Task 1, AP-088, 

Construction of Geologic Contour Maps 

Andysis Plan AP-088 (effective 3/20/02) addresses data and analysis needs for evaluating the 
&ects of head changes on calibration of Culebra transmissivity fields. Task 1 of AP-088 provides 
for data acquisition, analysis, and construction of geologic maps as a step in the analysis. An 
original analysis report (dated Apnl 17,2002) provided geologic maps required for Task I on the 
basis of information available at that time. An Addendum [l] was prepared July 23,2002, to 
report minor interpretive changes in one map provided in the original analysis report. No data 
were changed or added for that addendum. 

Mer the results of the work done for AP-088 were presented to the Environmental Protection 
Agency (EPA), EPA requested that additional data be acquired, especially Erom more recent 
drilling in the area south of WIPP, to find out if dissolution of the upper Salado has deveIoped r e  
entrants similar to those suggested by the reinterpretation of Addendum [I]. Addendum 2 has 
been prepared and submitted to meet these requirements as part of Task 1 of AP-088. 

The analyst is Dennis W. Powers, Ph.D,, Consulting Geologist, Anthony, TX 79821. 

Task 1 Revisions for Addendum 2 

The purpose of Addendum 2 is to report and archive additional data and interpretive changes to 
the maps prepared to meet the needs of 

Task I. Factor A. A contour map of the elevation of the top of the Culebra Dolomite Member 
(Elevation of the Top of Culebra) has been revised (January 3,2003) to use in calculating this 
value as part of Task 2 (Robert M. Holt). New data fiom potash as we11 as oil and gas drillhoies 
south of the WZPP site have been added to the original map. Contours have been adjusted south 
of UTM Y coordinate 3580000 based on these data A few new data points have been added in 
the area of T2 1 S, R 3  lE, sections 33 and 34, and the contours have been modestly adjusted to 
reflect these changes. 

Note that a few data points on this map have values followed by 'Y". These data are considered 
questionable when original sources were re-examined. Nevertheless, the values remain on the map 
so it is acknowledged that they exist. Contours have not been adjusted to reflect these values. 

Task1 . Factor B . A map (dated January 2003) of values of the thickness of the interval between 
the top of the Culebra Dolomite Member (Rustler Formation) and the base if the Vaca Triste 
Sandstone Member (Salado Formation) was revised to differentiate areas of upper Salado 
dissolution south of WIPP, The map included in the original report is a large-format map titled 
"Thickness fiom Top of Culebra to Base of Vaca Triste (m)." The map revised January 2003 far 
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Addendum 2 includes changes and annotations fkom the first addendum; annotations show the 
revisions and date. Changes in data are primarily in the same locations changed for Task 1, 
Element A. 

The map for Factor C, distribution of halite in the Rustler Formation, has not been revised. The 
data fiom the potash drillholes do not show Rustler halite. The geophysical logs (generally natural 
gamma and neutron) from more recently drilled oil and gas wells were, with one or two 
exceptions, taken within a casing. These logs are not considered to be appropriate for r e  
interpreting halite distribution in the Rustler for this project because the combined signatures may 
not uniquely identify halite in combinations with other minerals. 

\ 

Task 1 Data for Addendum 2 

For Addendum 3 geophysical logs were acquired from drillholes south of the WIPP site in parts 
of T23S, R30-32E, and T24S, R3 1-32E. About 445 geophysical logs within this area included 
data acquired above 1 000 feet below ground level, a cutoff established to limit acquisition to 
usefil logs. The geophysical logs were interpreted to obtain depth to the top of the Culebra and 
depth to the base of Vaca Triste. The reference elevation datum was obtained fiom the 
geophysical log where avaiIable; ground level obtained from topographic maps was used for a few 
logs. Geological data for 104 potash lithologic logs were examined at ~ ~ ~ - ~ a r l s b a d  to obtain 
the same information. The same data were obtained in the vicinity of TZ1 S, R3 1E, sections 33 
and 34, by interpretation of 28 geophysical logs fiom oil and gas drillholes; companies provided 
some logs directly because they had not been released yet for public purchase. 

The data used in the maps are available in a Microsoft Excel workbook titled "Task 1 Source 
Data Rev 0 1-03 ." The workbook is arranged in 3 sheets: "ReadMe," "TableA rev," and "Table- 
B rev." The 'ReadMe" worksheet includes brief notations regarding the information in the other 
worksheets. "Table-A rev" provides basic information about the drillhole name and location, as 
well as a unique identification number (ID Number) that is plotted on a large format map 
identieing particular drillholes (Drillhole ID Numbers rev I-2-03.pdf). "Table-B rev" provides the 
basic information used to plot drillhole values for Culebra elevation and thickness of the Culebra- 
VT interval. The workbook includes all of the data fiom the original work, with the exception of 
drillhole ID Number E 243 (Cabin Baby); these data are considered unreliable. New data ffom 
geophysical log interpretation is included under drillhole ID Number 9209. 

Brief Discussion of Changes to Maps in Addendum 2 

Drillhole ID Numbers (Drillhole ID Numbers rev 1-2-03.pdfl 

This map is provided for reference only. It is not used directly in developing the contours on the 
top of Culebra or the thickness values. It can be used to identifl the drillhole source for a 
particular datum on these other maps. It has been revised from the original map provided April 
17,2002, as part of the Analysis Report. New data are color coded for easier identification: the 
"dots" for drillhole Iocations are blue or purple, and the hole identifiers are purplish. 
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Elevation of the Top of Culebra (Culebra elev rev 1-3-03 B.pdfl 

New data have been added to the original Culebra elevation map provided with the original 
Analysis Report (April 17,2002). New data are color coded for easier identification: the "dots" 
for drillhole locations are blue or purple, and the data are blue (oil and gas) or reddish-purple 
(potash). 

The contours south of the WJPP site have been adjusted for the new data and show more local 
complexity in areas of high data density. The regional shape of the contours and eastward dip are 
only slightly modified from the original map. There is some additional structural definition in the 
southeast arm of Nash Draw (sat  hwest of the W P  site), but some of the potash drillholes in 
this area are not well described. Uncertain data for the tap of Culebra are indicated by a "?" aRer 
the value, and several of these locations are in this area. Contours have not 'been adjusted to 
reflect values of data marked by a "?". 

There are some bd sharply defined structures (syncliial) in southern T23 S, R3 1E and northern 
T24S, IU2E. Each structure is defined by more than one ddlhole. Drillhole data indicate that the 
cause must be deeper than upper Salado dissolution. The geophysical logs are mostly obtained 
inside the casing and the deeper intervals cannot be confidently interpreted at this time to show 
deformation or dissolution or other potential causes. The lower Salado and Castile Formations 
may have little distinctive natural gamma signatures (with or without casing) and the neutron log 
in rather pure halite and anhydrite of these formations shows few distinctions (with or without 
casing). 

New data obtained in the area of sections 33 and 34, TZlS, R31E, resulted in minor adjustments 
to the elevation contours. 

Thickness from Top of Culebm to Base of Vaca Triste (Salado Dissolution Line revised 1-3- 
03.pdf) 

Additional data in the vicinity of sections 33 and 34, T2 1 S, R3 IE, have been used to modify the 
outline of the dissolution re-entrant in that area. More data points now indicate a change in the 
thickness across this area. The re-entrant has been extended a little farther south from its previous 
outline. 

Although no new data have been added, the line marking the dissolution margin has been moved 
slightly in the northeastern part of T21S, WOE, to include a drillhole with a thickness of 156 m in 
the area of dissolution and to differentiate if from surrounding drillholes with thicker intervals. 

Additional data south of the WIPP site indicate that the o v d I  placement of the original lint 
marking Salads dissolution was good. The line is more finnly defined now by changes in thickness 
and by stratigraphic analysis. Four cross-sections (A-A', B-B" C-C ', and D-D' ) in the vicinity of  
the boundary (see moss-section locations en the Ddlhole ID Numbers map) show clearly where 
the upper Salade has been dissolved in that area. The line has also been moved west in the 
southwestern side of T23 S, R3 lE, to reflect n few additional data points. 

Information Only 
Y 



Dennis W. Powers, Ph.D. 
Consulting Geologist 

Task 1, AP-088 January 10,2003 
page 5 of 8 

The geophysical logs used in the cross-sections have been interpreted for the major stratigraphic 
markers at top of Rustler Formation, base of Culebra Dolomite Member (of the Rustler 
Formation), contact between the Rustler and Salado Formations, and base of Vaca Triste 
Sandstone Member (Salado Formation). In addition, the natural gamma and neutron signatures 
for the upper Salado have been correlated, and lines have been drawn between different logs to 
illustrate the correlations. These lines also show where the upper Salado has been thinned; vertical 
dotted lines with labels on the cross-sections indicate where these units have been thinned or 
removed. 

Computers and Software 

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 
Addendum 2 to Task 1 of Andysis Plan AP-088. Usage parallels work for Task 1 reported in 
April, 2002. Three s o h a r e  applications were utilized in the creation, identification, and 
organization of drillhole data records: Microsoft Access 2002; Microsofi Excel 2002; and 
Microrim R:Base 2000. 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 ( ' A D  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 mes were then imported into Adobe 
Iilustrafor 8.0 for formatting. Cross-sections were printed directly fkom Adobe IlZtlstratur 8.0 
using an HP Designjet I050C. Largeformat maps were exported as Adobe Acrobat 3.0 files for 
printing in the HP Designjet J 050C. Word processing needs were accomplished using Word 
2002. All software was run on a Dell Inspiron 8200 with an operating system ofMicrosoft 
Windows P. 

Electronic files attached to this report are in Excel 2002, Acrobat 3.0, or Word 2002 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). The formulas used are the same as for the 
original work in April 2002. As Excel 2002 is a standard spreadsheet, no Mher  checking of this 
fbnction 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. As in previous reports for Task 1, 
units in ft were converted to m by multiplying by 0.3048. [See Metric Calculations Checksheet.xIs 
for check of formulas.) 

For location data, it was desired to use UTM coordinates for drillholes and other features. A large 
number of the drillholes added to the data base had locations in NM State Plane (NAD27) 
coordinates provided by Dave Hughes (Westinghouse). These were accepted as given. AII State 
Plane coordinates were converted to UTM (NAD27) coordinates using Corpsconfor Windows 
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5.11.08. The algorithm was not verifiable. During the initial work (April, 2002), four UTM 
locations were calculated from the NM State Plane coordinates; map locations for the coordinates 
are compatible, within the accuracy practical using 7.5 minute quadrangle maps. 

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 UTM (NAD27) coordinates were then read from the map, toeations were spot checked 
and the coordinateswere read without knowledge of the previous coordinates. AIl checked within 

20 m, which is about best accuracy to be expected using maps and an engineer's scale. As these 
geological data are not particularly sensitive to that variation, it was deemed acceptable. 

The methods for plotting loc8tions and obtaining coordinates were investigated and reported in 
more depth in the original report (April 17,2002). 

Petsonnet 

Dennis W. Powers did the geological interpretation and map construction, A resum6 is attached 
for information. 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. 

Attachments: 

Printed Maferiak 

Large-format print map titled: Drillhole ID Numbers [dated January 20031 
Large-format print map titled: Elevation of the Top of CuIebra [dated January 20031 
Large-format print map titled: Thickness fkom Top of Culebra to Base of Vaca Triste (m) [dated 

January 2003, also shows annotations dated 5/15/02] 
Four large-format print cross-sections titled: 

1) Geophysical log cross-section A-A' in the Vicinity of H-9 illustrating dissolution of the 
upper Salado Formation 

2) Geophysical log cross-section B-B' in the Vicinity of H-9 illustrating dissolution of the 
upper Salado Formation 

3) Geophysical Iog cross-section C-C' in the Vicinity of H-9 illustrating dissolution of the 
upper Salado Formation 

4) Geophysical Iog cross-section I)-D' in the Vicinity of H-9 illustrating dissolution of the 
upper Salado Formation 

Resume for Dennis W. Powers, Ph.D., Consulting Geologist. 

Electronic _files: 

Task 1 Analysis Report for AP-088 Addendum 2 . d ~  (Mcrosoft Word 9712002) 
Task1 Source Data-Rev 01 -03.xls (Microsoft Excel 9712002) 
Metric Calculations Checksheetxls (Microsoft Excel 2002) 
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Drillhole ID Numbers rev 1-2-03. pdf (large format map prepared with IIlustrator 8.03 
Culebra elev rev 1-03-03 B. pdf (large format map prepared with nlustrator 8.0) 
Salado dissolution line revised 1-03 -03. pdf (large format map prepared with Tllustrator 8.0) 
CUI-VT Cross section SW-NE Aai (large format geophysical log cross-section prepared with 

mustrator 8.0) 
CUE-VT Cross section SW-NE B.ai (large format geophysical log cross-section prepared with 

Ulustrator 8.0) 
Cul-VT Cross section SW-NE C. ai (large format geophysical Iog cross-section prepared with 

Illustrator 8.0) 
Cul-VT Cross section SW-NE D.ai (large format geophysical log cross-section prepared with 

Illustrator 8.0) 
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ID 
Number 

1168 

DrillhoIe/Event N a m e  
ERDA 9 

Twp 
72 

Rge 
31 

Sec 

20 

Feet from the 
North /South 

Line 
267s 

Feet from the 
East/West 

Line 
177e 

UTMX 
(NAD 27) 

61 3696 

UThlY 
(NAD 27) 

3581 958 

Wark 
Period 

SO2 
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Number Drillhole/Event N a m e  Twp Rge Sec Line Line ----- 
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Depths (m) from Reference Elevation to Thickness (m) 

Smtigraphic Unit 
between Tog of 

Reference Culebta and 
Elevation (m ' Base of Vaca Elevation (m) of Base of Vaca Work 

1 IDNumber 
583 966.22 20 1 70 896 131 SO2 
584 1095.76 533 408 688 185 SO2 
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Depths (m) from Reference Efevation to Thickness (m) 
Stratipphic Unit 

between Top of 
Reference Culebra and 

Elevation (m Base of Vaca Elevation (m) of Base of Vaca Work 
IDNumber amsl) Triste . Top of Culebra Top of Culebra Triste Period 

1266 1126.85 615 41 7 710 198 SO2 
1217 1127.46 419 708 SO2 
1268 1 128.06 618 420 708 198 SO2 
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Depths (m) from Reference Elevation to Thickness (m) 
between Top of 

Culebra and 
Elwation (m) of Base of Vacn Work 

1374 1105.83 641 395 71 1 246 SO2 
1375 1093.62 61 8 391 703 227 SO2 
1376 1094.54 653 397 698 . 258 SO2 
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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 Work 

Top of Culebra Top of Culebra Triste Period 
1430 938.17 SO2 
1431 927.8 1 I SO2 

-ppppp- 

1432 31 1.35 SO2 

1484 1052.86 4661 300 752 166 SO2 

3 485 1047.90 4581 295 753 163 SO2 

1486 1051.86 4823 294 758 188 SO2 

SO2 
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Depths (m) from Reference Elevation to 
v 

Thickness (m) 
Stmtigtaphic Ufiit 

between Top of 
Reference Culebra and 

Elevation (m Base of Vaca Elevation (m) of Base of Vaca 1 Work 
IDNumber 

1 5 4  1032.05 443 293 739 150 SO2 

1636 

1637 
1638 

3 633 
1641 

1068.63 
904 65 

1053.39 
3 135.68 
1039.37 

326 
679 ----- 

424 

467 
214 

645 

6691 
825 

21 2 

SO2 

SO2 
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lDNumber 
5036 
5037 
5038 

r 

Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste 
136 
192 
209 

- 

Reference 
Elevation (m 

amsl) 
1087.83 
1088.75 
1094.84 

Work 
Period 

SO2 
SO2 
SO2 

Elevation (m) of 
Top of Culebra 

792 
799 
785 

Depths (m) from Reference Elevation to 
Stratigraphic Unit 

Base of Vaca 
Triste 

432 
482 
53 9 

Top of Culebra 
296 
290 
31 0 
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IDNumber 
5234 
5235 
5236 

I 

Source Data Table-B (rev. 01-03) for Task 1, Analysis Plan AP-088 
I 

Informdfon Only 
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~ I 

Reference 
Elevation (m 

arnsl) 
1113.13 
1 109.47 
11 10.33 

Elevation (m) of 
Top of Culebra 

789 
780 
667 

Depths (m) from Reference Elevation to 
Stratigraphic Unit . . 

Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste 
196 
21 8 
228 

Base of Vaca 
Triste 

Work 
Period 

SO2 

SO2 
SO2 

Top of Culebra 
5201 324 
547 
671 

329 
443 
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Depths (m) from Reference Elevation to Thickness (m) 
between Top of 

Culebra and 
Elevation (m) of Base of Vaca Work 

5391 1 122.58 617 403 720 21 4 SO2 
5392 1 123.49 (108 397 726 21 1 SO2 

Information Onlv 



Depths (m) from Refemnce Elevation to 

Elevation (m) of Base of Vaca Work 

6173 P 022.60 146 877 SO2 
61 77 31 3.20 24 889 SO2 
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Depths (rn) from Reference Elevabtron to 

Stratigraphic Unit 
Thickness (m) 

I 
1 between Top of 
I Reference 
I 

Elevation (m Base ofvaca 
lDNurnber Top ofculebra Triste Period 

9292 1078 503 295 783 208 13703 
9293 1063 41 9 244 819 , 3 7G \V03 

. - 

Source Data Table-B (rev. 01-03) for Task 1, Analysis Plan AP-088 
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Depths (m) from Reference Elevation to Thickness (m) 
between Top of 

Culebra and 
Elevation (m) of Base of Vaca Work 

9337 1065 St2  296 769 216 WO3 

9338 I058 494 287 77'1 207 W03 

Source Data Table-B (rev. 01-03) for Task 1, Analysis Plan AP-088 
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IDNumbei 
9382 
9383 
9384 

Reference 
Elevation (m 

amsl) 
1013 
1033 
1030 

Elevation (m) of 
Top of Culebra 

832 
850 
842 

Depths (m) from Reference Elevation to 
Stratigraphic Unit 

Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste 
206 
224 
223 

Base of Vaca 
Triste 

387 
41 2 

41 0 

Work 
Period 

W03 
W03 
W03 

Top of Culebra 
181 

188 
187 
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IDNumber 
9472 
9473 
9474 

Reference 
Elevation (m 

amsl) 
1072 
1076 
1085 

Depths (m) from Reference Elevation to 
Stratigraphic Unit 

Elevation (m) of 
Top of Culebra 

771 
751 
790 

Base of Vaca 
Triste 

521 
533 
507 

Top of Culebra 
302 
326 

. 295 

Thickness (m) 
between Top of 

Culebra and 
Base of Vaca 

Triste 
21 3 
208 
21 2 

Work 
Period . 

\V03 
\W3 
W03 
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IDNumber 
9 607 
9608 
9609 
9610 
961 1 
961 2 
961 3 
961 4 

9615 
961 6 
961 7 
761 8 1120 596 401 719 195 

Reference 
Elevation (m 

amsl) 
1121 

Depths (m) from Reference EIevation to 
Stratigraphic Unit 

Elevation (m) of 
Top of Culebra 

71 6 

Base of Vaca 
Triste 

(104 
708 
717 
707 
707 
71 0 

707 
723 
705 
754 
762 

Top of Cultbra 
404 

41 1 
405 
422 
413 
41 1 
422 
390 
421 
326 
315 

1119 
1122 
1 119 

11 30 

11 21 
11 29 
1113 
1126 
1080 
1077 

199 
610 
606 
625 
625 
607 
628 
594 
628 

533 
527 

W03 
199 
201 
203 
202 
197 

, 205 
204 
207 
207 

21 2 

LV03 
IV03 
\VO 3 
W03 
W03 
W03 
W03 
\V03 
W03 
iV03 
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Depths (m) from Reference Elevation to Thickness (m) 
Stratigraphic Unit 

between Top of 
Reference Culebra and 

Elevation (rn Base of Vaca Elevation (m) of Base of Vaca Work 
IDNumber 

9792 1031 435 189 842 247 W03 
9793 935 123 31 904 9 1 \V03 
9794 985 193 71 914 123 W03 - . 

Source Data Table-B (rev. 01-03) for Task 1, Analysis Plan AP-088 
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Depths (m) from Reference Elevation to Thichess (m) 
Stratigraphic Unit 

between Top of 
Reference Culebra and 

Elmtion (m Base of Vaca Elevation (m) of Base of Vaca Work 

W03 - 

Source Data Table-B (rev. 01-03) for Task 1, Analysis Plan AP-088 

1 
I 

I 
'> 

I 

I 
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Calculations using calculator (shown rounded to I decimal): 
826.6 610.8 21 5.8 Fi I 

840.9 623.3 21 7.6 I 

793.7 566.3 227.4 
838.5 626.7 211.8 
788.5 574.9 213.7 

9206 768.1 561 .I 207 

lculations Checksheet .XIS 

I 
I 

l, T a y d r c :  3 ( ' 9 - L l ) f  0 . 3 ~  
2. : = ( ~ I - D I ) * ~ ~ o Y . ~  

3. &A: = ( a / - c / ) ~ 0 . 3 ~ ~ 0  
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DENNIS W. POWERS, Ph.0. 
Consulting Geologist 

140 Hemley Road Business: (91 5) 877-3929 
Anthony, TX 79821 Fax: (9 15) 877-5071 
e-mail: dwpowers@htg. net Home: (91 5 )  877-241 7 

Education 
Ph. D., Geology, Princeton University (1 980) 
B.S., Geology, Iowa State University (1967) 

Experience and Backsrmund 
Technical: 

Geological environments of viaMe Permian-age bacteria preserved in halite 

Permian Dewey Lake Fonation cements and isolated perched groundwater 

Geological studies for realignment of New Mexico Highway 128 (for The Larltin Group) 

Geostatistical analyses of pressurized brine reservoirs and hydrogeologicat controls, Waste lsolation Pilot Plant 

Review, contribute to performance assessment (PA) scenarios and parameters, Waste lsolation Pilot Plant 

Member of National Academy of Sciences panel reviewing Ward Valley (CA) LLRW disposal project 

Evaluate historical compliance issues, revise Project Technical Baseline document forwaste lsolation Pilot Plant 

Site selection, characteriration of new landfill site, Carisbad and Eddy County, NM; doseout and monitoring 

program for Loving, NM, landfill site 

Subsidence studies of potash mines for Waste lsolation Pilot Plant 

Chairman, external review panel for the Yucca Mountain Project, reviewing tectonic and hydrologic concerns 

Integrated studies of hydrogeology of the Permian Rustler Formation in southeastern New Mexico 

Water table controls on evaporite deposition: Permian Salado Formation and Death Valley, CA 

Shaft mapping (4 shafts) forthe Waste Isolation Pilot Plant project east of Cartsbad, NM 

Geological prospects for preselving viable bacteria in hostile environments (NASA) 

Geology of Cenozoic volcanic sediments in Argentina for paleoenvironmental reconstruction and stratigraphy 

Proprietary studies of fmntier sulfur prospects in NM and other areas; consulting on evaporite brine sources 

Geological investigations of Permian Castile, Satado, Rustler, and Dewey Lake Formations in the Delaware 

Basin (USA) to determine depositional patterns and dissolution history 

Sedimentological and geochemical studies of a modem evaporative playa, Salt Flat graben, west Texas (USA) 

Geological and geophysical studies of the Waste lsolation Pilot Plant (WIPP) site fmm 1975 to 1980 as part of 

site characterization for a repository for radioactive waste 

Geological investigations of Mio-Pliocene sediments in the rill valley of northwestern Kenya 

Geological studies and experience intematibnally, volcanic geologylmining experience, Topia, Durango, Mexico 

.--- ----, 
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Experience and Backsmund, mnt. 
Management: 

Start and manage consufling business (since 1988) with 1 fulLtirne employee (1990). 

Clients have included JOAB, Ine.; SAIC; IT Corporation; Westinghouse; Sandia National Laboratories; Mobil; 

Freeport McMomn: Gallegos Law Firm; The Larldn Group 

Assistant Professor, Department of Geological Science, UfEP, 1983-7988: supenrised contract work, research 

projects, and graduate theses. 

Supervisor, Earth Saences Diision, Sandia National Labomtorim (SNLJ, 198@1983. Technical staff Df eight 

with expertise in geology, gmphysics, geochemistry, hydrology, modeling, structural gmlogy, petrology. 

Annual budgets to about $3M (US). Full technical and administrative responsibili!y. 

Supenrised a matrix group from SNL (1981)-81) te select areas of qsfalline mcks in the Lake Supwior region 

that might k suitable for further characterization for radioactive waste disposal. 

Represented Sandia geotechnicai work on the WlPP to numetous groups such as the Gwernofs Task Fwce 

(NM), Environmental Evaiuatian Group (NM), Environmental Protection Agency, and bath the WlPP Panel 

and the Committee on Radioactive Waste Management of the National Academy of Sciences. 

WfinessTTesZirnonv: 

Technical expertise, deposition for Hartman h Hartma v. T~XBCD 

Testimony for NM Environment Department hearings on pemR for Sand Point landfill, Carlsbad, NM 

Technical expertise, rebuttal testimony for RCRA Permit Hearings by NM Environment Department for WlPP 

Chronoloay: 

Consultant (self-employed), 1988 to present. 

Assistant Professor, Dept. Geotogical Science, University of Texas at El Pam, 19831988. 

Supervisor, Earth Sciences Division, Sandia National Laboratories, from 1980 to 1883. 

Member of Technical Staff, Sandie National Laboratories, 1975-1 980. 

Affiliations: 
Geological Society 6f America (Fellow) New Mexico Geological Society 

SEPM (Son'ety for Sedimentaty Geology) West Texas Geologh1 Society 

International Association of Sedirnentologists (IAS) 

LicensinFllRer~istration: 

Licensed Professional Geologist (Illinois), License No. 196-007 032, expires 3131103 

Other Professional Activities: 

Past member of Environmental Subcommittee, West Texas Council of Governments evaluating proposed sites 

for lowilevel radioactive waste disposal for Texas 

Corresponding Ediw, Jownal of Sedimentary Research (formerly Jownal of Sedrinentay PefmbgyX 1 Q95-96) 

Adjunct P M s o r ,  Department of Gdogical Saiences, N w  Mexico St& University, Las Cruces, NM 
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(Powers ~~SUM, cont.) 

PARTIAL LIST OF PUBLICATIONS 

Journal Articles and Reviewed Publications/Documents: 
Powers, D.W., Vreeland, R.H., Rosemweig, W.D., 2001, How old are badetia from the Permian age?-Reply: Nahrre, 

V. 417, p. 155-156. 
Vreeland, R. H., Rosentweig , W.D., and Powers, D.W., 2000, lsolation of a 25Million-yearold halotolerant 

bacterium from a primary satt crystal: Nature, v. 407, p. 897-900. 
Powers, D.W., and Holt, R.M., 2000, The satt that wasn't there: mudflat fades equivalents to halite of the Permian 

Rustler Formation, southeastern New Mexico: Journal of Sedimentary Research, v. 70, no. 1, p. 2936. 
Powers, D.W., and Holt, R.M., 1999, The Los Medafios Member of the Permian Rustler Formation: New Mexico 

Geology, v. 21, no. 4, p. 97-103. 
Weart, W.D., Rernpe, N.T., and Powers, D.W., 1998, Thewaste lsolation Pilot Plant: Geotimes, v. 43, no. 10, p. 14- 

19. 
Vreeland, R. H., and Powers, D.W., 1998, Considerations for micfobiological sampling of crystals from ancient salt 

formations, in Aharon Oren, ed., Microbiology and Biogeochernistry of Hypersaline Environments: CRC Press, 
Boca Raton, FL, p. 53-73. 

Boak, D.M., Dotson, L., Aguilar, R., Powers, D.W:, and Newman, G., 1997, Wellbore enlargement investigation: 
potential analogs to the Waste Isolation Pilot Plant during inadvertent intrusion of the repository SAND9S2629, 
Sandia National Laboratories, Albuquerque, NM. 

Powers, D.W., 1996, Tracing early breccia pipe studies, \Naste Isolation Pilot Plant, southeastern New Mexico: A 
study of the documentation available and decision-making during the early years of WIPP: SAND94-0991, Sandia 
National Laboratories, Albuquerque, NM. 

NASINRC, 1995, Ward Valley, an examination of seven issues in earth sciences and ecology: National Academy 
Press, Washington, DC, 252 p. 

Deal, O.E., A b i ,  R. J., Belski, D.S., Case, J.B., Crawley, M.E., Givens, C.A., James Lipponer. P.P., Milligan, D. J., 
Myers, J., Powers, D.W., Valdivia, M A ,  1995, Brine sampling and evaluation program 1992-1993 report and 
summary of BSEP data since 1982: DOE-WIPP 94-01 1, U.S. Department of Energy, Carlsbad, NM. 

Powers, D.W., and Magee, M., 1993, Site selection and cheracterization of the Sand Point landfill site, Eddy County, 
New Mexico, in John W. Hawley and others, eds., Geology of the Carlsbad Region, New Mexico and West Texas: 
44th NMGS Fall Field Conference Guidebook, New Mexico Geological Society, Socorro, NM, p. 353-357. 

Powers, D.W., and Hott, R.M., 1993, The upper Cenozoic Gatufia Formation of southeastern New Mexico, in John 
W. Hawley and others, eds., Geology of the Carlsbad Region, New Mexico and West Texas: 44th NMGS Fell Field 
Conference Guidebook, New Mexico Geological Society, Socorro, NM, p. 271-282. 

HoR, R.M., and Powers, D.W., 1993, Summary of Delaware Basin end-stage deposits, in D. W. Love and others, 
eds., Carlsbad Region, New Mexico and West Texas: 44th NMGS Fall Fidd Conference Guidebook, New Mexico 
Geological Society, Socorro, NM, p. 90-92. 

Powers, D.W., and Martin, M. L., 1993, A select bibliography with abstracts of reports related to Waste Isolation Pilot 
PIant (WIPP) geotechnical studies (1972 - 1990): SAND92-7277, Sandia National Laboratories, Albuquerque, NM, 
501 p. 

Powers, D.W., 1993, Geotechnical aspects of site selection and characterization, Waste lsolation Pilot Plant, 
southeastern New Mexico, USA, in 0. Atexandre and others, ed., Proc. 1993 Int. Conf. on Nudear Waste 
Management and Environmental Remediation, Prague, Czech Republic: ASME, NY, NY, v. 1, p. 689-693. 

Holt, R.M., and Powers, D.W., 1990. Geotechnical activities in the air intake shaft (AIS): DOEMllPP 90-051, U.S. 
Department of Energy, Carfsbad, NM. 

Powers, D.W., Hok R.M., Beauheim, R.L., and Rernpe, N., eds., 1990, Geological and hydrological studies of 
evaporites in the northern Delaware Basin for the Waste Isolation Pilot Plant (WIPP): Guidebook 14, Geological 
Society of America (Dallas Geological Society), 186 p. (author or coauthor on six articles and roadlog) 

Holt, R.M., and Powers, D.W., 1988, Facies variability and postdepositional alteration within the Rustler Formation in 
the vicinity of the Waste lsolation Pilot Plant, southeastern New Mexico: WIPP-DOE- 88-004, Department of 
Energy, Carlsbad, NM, 88221. 

Powers, D.W., and Holt, R.M., 1987, Rustler Formation in the waste handling and exhaust shafts, Waste lsolation 
Pilot Plant (WIPP) site, southeastern New Mexico, in Chaturvedi, L., ed., The Rustler Formation at the WIPP site: 
EEG-34, Environmental Evaluation Group, Santa Fe, NM., p. 26-35. 

Fleagle, J.G., Powers, D.W., Conroy, G.C., and Waters, J.P., 1987, New fossil platyrrhines from Santa CNZ 
Province, Argentina: Folia Primatol., v. 48, p. 6577. 

Powers, D.W., and LeMone, D.V., 1987, A summary of Ochoan stratigraphy, western Delaware Basin: Guidebook 18, 
El Paso Geological Society, p. 6348. 

Robinson, J.Q., and Powers, D.W., 1987, A clastic deposit within the lower Castile Formation, western Delaware 
Basin: Guidebook 18, El Paso Geological Society, p. 69-79. 

Holt, R.M., and Powers, D.W., 1987, The Permian Rustler Formation at the WIPP site, southeastern New Mexico: 
Guidebook 18, El Paso Geological Society, p. 14b148. 

( ~ 1 m 3 )  
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Pswers, O.W., Holt, R. M., and Hoffer, J.M., 1987, Preliminary studies of near-surtace sedimeslts, Salt Flat graben, 
west Texas: Guidebook 18, El Paso Geological Society, p. 784-1 94. 

Powers, D.W., W86, A simple rack for slabbing small dbarneter rock core with a rock saw: J. Sed. Pet, v. !B, p. 
553-554. 

Holt, R.M., and Powers, D.W., 1988. Geotechnical activities in the exhaust s h e  Waste Isolation Pilot Plant: 
DOE-WIPR 88008, Deparhment of Energy, Carisbad, NM 88224. 

Powers, D.W.. and Hassinger, B.W., 1985, Synsedimentary dissolutim pits in halite of the Permian Satado 
Fomtion, southeastern New Mexico: J. Sed. Pet., v. 55, p. 769-773. 

Hott, R.M., and Powers, D.W., 7984, Geotechniwl activities in the waste handling shaft, Waste Isolation Pilot Plant 
(WIPP) project, southeastern New Mexico: WSD-f  ME 038, Department of Energy, Carlsbad, NM 88221. 

Borns, D,J., Barrows, L.J., and Powers, D.W., 1983, Deformation of evaporites near the Waste Isolation Pilot Plant 
site: SAN082-1069, Sandia Nat~onal Laboratories, Albuquerque, NM 871 85. 

Jarolimek, L., Timmer, M.J., and Powers, D.W., 1983, Correlation of drill and s h d  logs, Waste Isolation Pilot Plant 
(WIPP) project, southeastern New Mexico: TME 3179, Deparbnent of Energy, Atbuquerque, NM. 

Kelter, G.R., Veldhuk, M.J., and Powers, D.W., 1983, An analysis of gravity and magnetic anomalies in the Diablo 
Plateau area: Permian Basin See., SEPM, Pub. 83.22, p. 152-165. 

Powers, D.W., and Eastding, R G., 1982, Improved methodology for using embedded 'Markov chainsto describe 
cyclical sediments: J. Sed. Pet., v. 52, p. 933923. 

Powers, D.W., 1981, Geologic investigation of the WlPP site: overview and issues, in Environmental Geology and 
HydroIogy in New Mexico: New Mex. Geol. Soc., Spec. Publ, 10, p. 114122. 

Maglio, V.J., and Powers, B.W., 1981, Exploration for Miocene faunas of East Africa: Nat. G q .  Sm. Res, Reports, 
V. 1 3, p. 405-4 18. 

Reilinget, R., Brown, L., and Powers, D.W., 1980, N w  evidence for tectonic up l i  in the DiaMo Plateau region, west 
Texas: Geophys. Res. Ltrs., r. 7, p. 181-184. 

Anderson, R.Y., and Pawerr, D.W., 1978, SaR antidines in Castife-Safado evaporite sequence, northern Delaware 
Basin, in Austin, G.S., ed., Geology and mineral deposits of Ochoan rocks in Delaware Basin and adjacent areas: 
New Mex. Bur. Mines and Min. Res. Circ. 159, p. 7 M .  

Hern, J.L., Powers, D.W., and Barrows, LJ., 1978, Seismic reflection data repork* Waste Isolation Pild Plant (WIPP) 
site, southeast New Mexico: SAND79-0264, V. 1 & !I, Sandia National Laboratories, Albuquerque, NM 87185. 

Powers, D.W., Lambert, S.J., ShalTer, SE., Hill, LR., and Weart, W.D., ds., 1978, Geological characterization 
report, Waste Isolation Pilot Plant (WIPP) site, southeastern New Mexico: SAND781596, v. 1 & 11, about 1500 p., 
Sandfa Nationa! laboratories, Albuquerque, NM 87185. 

Cerl~ng, T.E., and Powers, D.W., 1977, Paleorifling between the Gregory and Ethiopian R i :  Geology, v. 5, p. 
44.f-445. 

O'Brien, P.O., and Powers, D.W., ?976, The southeastern Mew Mexico radioactive waste disposal pilot plant: Proc. 
23rd. Ann. Mg., Southwestern Petroleum Short Course, p. 335-344. 

Other Reviewed and U n r e v i H  Reports or Papers: 
Powers, D.W., and Stensrud, W.A, in review, Basic data report for driHhola G2811 (Waste lsolation Pilot Plant - 

WIPP): DOEMrZPP 0 2 - m  US Department of Energy, Carlsbad, NM. 
Powers, O.W., 2002, Basic data repart fox drillhole C2T37 (Waste Isolation Pilot Plant - WIPP): DOEMIIPP 013210, 

US Department of Energy, Carlsbad, NM. 
Powers, D.W., 2001, Macroscopic strain features in selected cores from the disturbed rock zone: report to Sandia 

National Laboratories, 12 p. + appendix, May 2002, (Task 6) 
Powers, D.W., 2001, Geology of cores from Q Room Alcove for the DRZ test program: report to Sandia National 

Laboratories, 11 p. + appendix, January 2001. (Task 5) 
Powers, D.W., 20M1, Task 2, Contract 5987 (WlPP underground test site selection and description): memo to Sandia 

National Laboratories, 10 p. 4 figures + Appendix. March 31, 2000. 
Powers, D.W., 2000, Core descriptions frwn location 1, S90 drift for DRZ test program: report to Sandia National 

Laboratories, 9 p. 4 appendix, April 2000. (Task 5) 
Powers, D.W., 2000, Moisture on surfaces in newer excavations at the Waste Isolation Pilot Plant: reportto Sandia 

National Laboratories. 11 p. (Task 4) 
Powers, D.W., 2000, Evaporites, casing requirements, water-floods, and out-of-formation waters: potential for 

sinkhole developments: Meeting paper for Solution Mining Research Institute Special Symposium on Sinkholes 
and Unusual Subsidence Over Solution-mined Caverns and Salt and Potash Mines, San Antonio, TY, 10115100. 

Powers, D.W.. 1999, A field survey of evaporite karst along NM 128 realignment routes in parts of sections 3-6 and 
10, T22S, R30E, Appendix 0, in Phase 8, Location Study Report, New Mexico 128, TPM-0128(7)), CN: 3279, The 
Larkin Group, Albuquerque, NM, 14 p. 

Powers, D.W., 1909, Letter report: Potential source of coarse fill, NM 128 realignment Appendix B, in Phase B, 
Location Study Report, New Mexico 128, TPhrC012B(7)), CN: 3279, The Larkin Group, Albuquerque, NM, 17 p. 

Powers, D.W., 1999, Overview of project geology, realignment of PIM 128, Appendix C, in Phase A, Initial Corridor 
Analysis Report, New Mexim 128, f PM-0128(7)), CN: 3279, The Larkin Group, Albuquerque, NM, 12 p. 
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Powers, D.W., 7999, Second inspection of air intake shaft for evidence of brine inflow consuttant report prepared for 
Westinghouse Electric Corporation, 15 p. 

Powers, D.W., 1997, Geology of peizometer holes to investigate shallow water sources under the Waste Isolation 
Pilot Plant, in Intera, 1997, Exhaust Shaft Hydraulic Assessment Data Report, D O W l P P  97-221 9. 

Powers, D.W., 1997, Preliminary report on geology of drillholes C2505, C2506, and C2507, Appendix D, in Intera, 
1997, Exhaust Shaft Hydraulic Assessment Data Report, DOVWlPP 97-2219 (January). 

Powers, D.W., Martin, M.L., and Tenill, L.J., 1997, Geology across Nash Draw as exposed in the El Paso Energy 
pipeline trench: consultant report prepared for Westinghouse EIectric Corporation, 27 p. 

Holt, R.M., and Powers, D.W., 1997, Geologic controls on hydraulic properties in the Rustler Formaiion, southeastern 
New Mexico: IT Corporation report prepared for Westinghouse Electric Carporatton, 135 p. 

Martin, M.L, Tenill, L.J., and Powers, D.W., 1996, Geological data collected from the northern experimental area of 
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