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 23 
Please state your name and address for the record. 24 
 25 
My name is Perry H. Rahn.  My address is 1207 11th Street, Rapid City, SD  57701 26 
 27 
 28 
Please state your professional qualifications and background. 29 
 30 
I’m a Professional Engineer and a Certified Professor Geologist. I have a PhD in geology 31 
from the Pennsylvania State University (1965) and have taught in the Department of 32 
Geology & and Geological Engineering at the South Dakota School of Mines and 33 
Technology since 1968.  I retired as Professor Emeritus in 1997. I specialized in Ground 34 
Water and Engineering Geology. 35 
 36 
 37 
Have you provided a copy of your resume with your testimony? 38 
 39 
Yes 40 
 41 
 42 
 43 
 44 
 45 
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Please provide us with a summary testimony.  46 
 47 
This paper was written to evaluate geologic information concerning aquifers in the 48 
eastern South Dakota for the South Dakota Public Utilities hearing to be held in 49 
December, 2007.  This information is relative to the application for a permit (re: the 50 
South Dakota Energy Conversion and Transmission Act) to construct the Keystone 51 
Pipeline Project by TransCanada. 52 
 53 
The proposed pipeline route is shown in Figure 1. The route extends along the eastern 54 
side of the James River Valley from Marshall County to Yankton County. 55 
 56 
 57 
Please provide us with a summary of the geology and aquifers located in the area 58 
that would be crossed by the proposed pipeline route.  59 

 60 

AQUIFERS  61 
The geology of eastern South Dakota consists of glacial drift and alluvium on top of 62 
Cretaceous or Precambrian bedrock.    63 
     64 
Till underlies much of eastern South Dakota. These deposits have very low permeability. 65 
Barari and Hedges (1985) show, for example, that 14C dates on water in unweathered till 66 
are approximately 10,000 years old. 67 
     68 
The major aquifers in eastern South Dakota are: (1) glacial outwash and (2) alluvium 69 
underlying flood plains. Bedrock aquifers including the Cretaceous Dakota Sandstone 70 
also exist in some places. The primary concern relative to a possible oil pipeline break is 71 
the near surface aquifers such as alluvium and outwash.    72 
 73 
Outwash aquifers consist of fine to very coarse sand and gravel (Hamilton, 1978). There 74 
are published hydrogeologic studies that show the location of outwash aquifers near the 75 
proposed pipeline route. For example, Koch and Bradford (1978) describe the outwash 76 
aquifers that are a water supply for Aberdeen.  77 
 78 
Koch (1975) describes the “James aquifer” in Marshall County. This outwash aquifer 79 
provides 500 gpm or more to wells. It can be very near the land surface, extending to 200 80 
ft depth in some places (Koch, 1975, Figure 19). Recharge to this outwash is by ground 81 
water inflow and by percolation from precipitation.  82 
 83 
In Clark County, Altamont Aquifer 2 underlies 630 square miles, and has a depth ranging 84 
from 10 ft in the west to 480 ft under the Coteau de Prairie (Hamilton, 1986). Up to 2,000 85 
gpm can be obtained from wells in this aquifer.  86 
 87 
Alluvium under flood plains is the primary source of water for Sioux Falls (Koch, 1982) 88 
and Brookings. The deposits are typically less than 100 ft thick, but typically are very 89 
permeable. Leap (1988) and Rahn (1988) describe the origin of alluvial and glacial 90 
deposits in Day County, and their relation to the numerous glacial lakes.    91 
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In your professional opinion, what are the potential impacts that could result if the 92 
TransCanada-Keystone Pipeline were constructed and operated through eastern 93 
South Dakota as proposed?    94 
 95 
POTENTIAL IMPACTS FROM THE PROPOSED TRANSCANADA PIPELINE 96 
The proposed pipeline crosses several geologic units in eastern South Dakota. Figure 1 is 97 
the state geologic map showing these Quaternary units, including lacustrine deposits in 98 
Marshall County, and alluvium and till (ground moraine) in Day, Clark, in Day, Miner, 99 
Hanson, McCook, Hutchinson, and Yankton Counties.  100 
 101 
The geological map of South Dakota (Martin et al., 2004) can be used to study the 102 
potential impacts to ground water caused by a pipeline leak. The map (Figure 1, to be 103 
presented at the December hearings) is available on-line; the map used in this study was 104 
printed at 1:500,000 scale. There are more detailed geologic maps of some locales, such 105 
as Marshall (Koch, 1975), Day (Leap, 1988), and Clark (Hamilton, 1978) Counties. In 106 
order to examine the geologic factors involved along the entire pipeline route, this map 107 
by Martin et al. (2004) was chosen because is shows the entire route at the same scale 108 
with consistent geologic units.  109 
 110 
Maps showing the proposed pipeline route and mileposts for the Keystone Pipeline 111 
Project are available at the TransCanada website. This proposed oil pipeline would cross 112 
the general area served by WEB Water. The WEB Water Development operates a 113 
regional water pipeline system to 8,000 homes and 105 towns in this area.  WEB Water is 114 
currently exploring the use of ground water in glacial drift in Marshall, Day and Clark 115 
Counties; this ground water would be used to blend with Missouri River water for use by 116 
WEB Water.  117 
 118 
The primary factor in assessing the environmental impact to ground water supplies is the 119 
possibility of a leak from the pipeline.  Alluvium and glacial outwash are highly 120 
susceptible to contamination because they are quite permeable. Till, on the other hand, is 121 
virtually impermeable. 122 
 123 
From the Canadian border to the Missouri River Valley at Yankton, the proposed pipeline 124 
crosses 24 different streams where alluvium is extensive enough to be mapped at 125 
1:500,000 scale. Using the geological map by Martin et al. (2004) a total of 17 miles of 126 
alluvium would be traversed by a pipeline where it crosses these stream valleys.  127 
 128 
An oil leak into these alluvial deposits would not only contaminate the alluvium near the 129 
pipeline, but would most likely surface into a nearly stream. In the alluvial aquifer, the 130 
contaminants would move slowly downgradient (westerly) into the James River Valley. 131 
The contaminants could migrate from alluvium to outwash because the alluvium is 132 
hydraulically connected to outwash aquifers. Because outwash and alluvial aquifers are 133 
being utilized, these deposits should be considered “geological sensitive” areas. They are 134 
“High Consequence Areas” (HCA) and need special protection. 135 

 136 
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What impact on water quality, public safety and the environment in general would 137 
a crude oil leak from the TransCanada-Keystone Pipeline cause? 138 
 139 
An oil leak into these alluvial deposits would not only contaminate the alluvium near the 140 
pipeline, but would most likely surface into a nearly stream. In the alluvial aquifer, the 141 
contaminants would move slowly downgradient (westerly) into the James River Valley. 142 
The contaminants could migrate from alluvium to outwash because the alluvium is 143 
hydraulically connected to outwash aquifers. Because outwash and alluvial aquifers are 144 
being utilized, these deposits should be considered “geological sensitive” areas. They are 145 
“High Consequence Areas” (HCA) and need special protection. 146 
 147 
 148 
What could be done by  TransCanada and/or the State of South Dakota to protect 149 
against contamination of ground water?  150 

 151 

ALTERNATE ROUTE 152 
 It appears that the only alternative route for the Keystone pipeline that has been proposed 153 
by TransCanada is along I-29, roughly 40 miles east of the proposed pipeline. 154 
 155 
Another alternative route should be studied that would have minimal potential for ground 156 
water contamination. If the pipeline were moved about 8 miles to the east of the proposed 157 
pipeline, there would no stream crossings where alluvium would be encountered. [See 158 
Figure 1 (to be presented at the December hearing).]  159 
 160 
This alternative route, along the western edge of the Prairie Coteau, is underlain by lateral 161 
and stagnation moraines that are composed of till (Rahn, 1977; Gries, 1996). Due to the 162 
extremely low permeability of till, in the event of a pipeline rupture, there would be little 163 
opportunity to contaminate permeable alluvial deposits.  164 

 165 

 166 

After reviewing the information available to you on the TransCanada- Keystone 167 
Project, what conclusion have you reached and what recommendation would you 168 
offer?      169 
 170 
CONCLUSION 171 
I urge the PUC to deny the application by TransCanada until another alternative route is 172 
studied. The alternative route that I am proposing is about 8 miles east of the route 173 
proposed by TransCanada. The route I am proposing takes into account the geology.  It is 174 
a vastly superior route because the pipeline would be excavated into glacial till. It would 175 
not cross 17 miles of alluvium like the route proposed by TransCanada.  Hence, in the 176 
event of a leak, the oil would have much less opportunity to contaminate the aquifers.  177 

 178 

Does this conclude your direct testimony? 179 
 180 
Yes.  181 
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 182 
Would you be available to present testimony and respond to questions on a dated 183 
schedule during the formal hearing process set for December 3 to December 14, 184 
2007? 185 
 186 
Yes 187 
  188 
Date this 13th day of November, 2007. 189 
 190 
 191 
________________________________________  192 
Perry H. Rahn, Ph.D, Professional Engineer  193 
 194 

 195 

 196 

 197 

 198 

 199 

 200 

 201 

 202 

 203 

 204 

 205 

 206 

 207 

 208 

 209 

 210 

 211 

 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 
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                                                                                             September 11, 2007 265 
VITA  266 

 267 
                                                Perry H. Rahn, PhD, PE 268 
                                                     Professor Emeritus 269 
                                   Department of Geology and Geological Engineering          270 
                                       South Dakota School of Mines and Technology 271 
                                                    Rapid City, SD 57701   272 
                                                 perry.rahn@sdsmt.edu 273 
                                                       (605) 394-2462      274 
                                                  FAX (605) 394-6703 275 
 276 
Education 277 
B.A., (Geology) Lafayette College, 1959 278 
B.S., (Civil Engineering) Lafayette College, 1959 279 
Ph.D., (Geology) Pennsylvania State University, 1965 280 
 281 
Professional Organizations and Honors 282 
1. Fellow, Geological Society of America (Engr. Geol. Div.), 1965 to present. 283 
2. Member, Association of Engineering Geologists, 1965 to present. 284 
3. Member, American Institute of Professional Geologists, 1977 to present (Cert. Prof.  285 
        Geol. Sci. #3724). 286 
4  Member, South Dakota Academy of Science, 1969 to present. 287 
5. Member, National Society of Professional Engineers, 1980 to present (President,   288 
       Black Hills Chapter, 1993). [Registered Professional Engineer, #SD 4513] 289 
6. Recipient of Assoc. Engr. Geologists “Claire P. Holdredge Award” for book     290 
       “Engineering Geology, an Environmental Approach”, 1987. 291 
7. Member, Restoration Advisory Board, Ellsworth AFB Superfund Site, 1990-present. 292 
8. Recipient of Eng. Geol. Div., Geol. Soc. Am. “E.B. Burwell, Jr.” award for book         293 
       “Engineering Geology, an Environmental Approach”, 1990. 294 
9.  “Engineer of the Year” by Black Hills Chapter of S.D. Engr. Soc., 1995. 295 
10.  Editorial Board for “Engineering Geology” (% Elsevier Publ. Co., Netherlands), 296 

1995 to present. 297 
11. “Drinking Water Protection” committee, City of Rapid City, 2000 to present.  298 
12. Richard H. Jahns Lecturer, Eng. Geol. Div., Geological Society of America and  299 
           Association of Engineering Geologists, 2002. 300 
13. Distinguished Practice Award, Association of Engineering Geologists, 2003. 301 
 302 
Work Experience 303 
1. Engineering Geologist, Calif. Dept. of Water Resources, Oroville, CA, 1959-61. 304 
2. Assistant Professor, University of Connecticut, Storrs, CT, 1965-68 305 
3. Assistant Professor, S.D. School of Mines and Tech., Rapid City, SD, 1968-70 306 
4. Associate Professor, S.D. School of Mines and Tech., 1970-79 307 
5. Professor, S.D. School of Mines and Tech., 1979-1997. 308 
6. Professor Emeritus, S.D. School of Mines and Tech., 1997-present. 309 
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7.         Visiting Scientist, Division of Environmental Impact Studies, Argonne National 310 
 Laboratory, Argonne, Illinois, 1977-78 (15 months) 311 
8. Hydrologist, U.S. Geological Survey, Phoenix, AZ, Summer 1963 312 
9. Visiting Professor, Pennsylvania State University Geology Field Camp, Red 313 
 Lodge, Montana, Summer 1965 314 
10.       Glacial Geologist, Conn. Geological Survey, Middletown, CT, Summer 1967 315 
11. Hydrogeologist, S.D. Geological Survey, Vermillion, SD, Summers 1968-72 316 
12. Geomorphologist, S.D. Remote Sensing Institute, Summers 1973-74 317 
13. Hydrogeologist, S.D. School of Mines & Technology research projects, Summers 318 
 1975, 1976, 1979, 1980, 1981, 1984-1993 319 
13. Visiting Professor, Bucknell U., Lewisburg, PA., Spring Semester, 1989 320 
14. Director, Black Hills Nat. Science Field Station, 1995 to 1999. 321 
 322 
 323 
Publications 324 
1965,  The inselbergs of Southwestern Arizona:  Ph.D. Thesis, Pennsylvania State 325 
 University, 149 p. 326 
1965,  Inselbergs of Southwestern Arizona:  (Abs.), Geol. Soc. Am., Annual Meeting, 327 
 Kansas City, MO, p. 130-131. 328 
1966,  Inselbergs and nickpoints in Southwestern Arizona:  Zeit fur Geomorph., v. 10, n. 329 
 3, p. 217-225. 330 
1966,  Field observations of desert thunderstorm runoff:  (Abs.), Geol. Soc. Am., Annual 331 
 Meeting, San Francisco, CA, p. 172. 332 
1967, Sheetfloods, streamfloods, and the formation of pediments:  Annals, Assoc. Am. 333 
 Geog., v. 57, n. 3, p. 593-604. 334 
1967, (with M.T. Giddings), Constructing a temporary stream gaging station: Civil 335 
 Engr., v. 37, n. 12, p. 46-47. 336 
1967, Field study of induced infiltration, Eastern Connecticut:  (Abs.), Geol. Soc. Am., 337 
 Annual Meeting, New Orleans, LA, p. 181. 338 
1968, The hydrogeology of an induced streambed infiltration area:  Ground Water, v. 6,  339 
 n. 3, p. 21-32. 340 
1968, A comparison of natural forest slopes and angles of repose of sand and gravel:  341 
 (Abs.), Geol. Soc. Am., Annual Meeting, Mexico City, p. 245. 342 
1968, Movement of dissolved salts in ground water systems, In:  Carpenter, E.D. (ed.), 343 
 “proceedings, symposium on pollutants in the roadside environment,”:  344 
 Connecticut Highway dept., Feb. 1968, p. 36-45. 345 
1968, Future ground water supplies for Providence, Rhode Island:  Proceedings, 4th Am. 346 
 Water Resources Assoc. Conference, Annual Meeting, New York City, NY, p. 347 
 380-391. 348 
1969, The relationship between natural forested slopes and angles of repose for sand and   349 
 gravel, Bull.:  Geol. Soc. Am., v. 80, n. 10, p. 2123-2128. 350 
1970, (with A.M. Johnson), Mobilization of debris flows:  Zeit. fur Geomorph., 351 
 Supplement Vol. 9, p. 168-186. 352 
1970, The weathering of tombstones and its relationship to the topography of New 353 
 England:  (Abs.), Geol. Soc. Am., Northeast Section Annual Meeting, Pittsburgh, 354 
 PA, p. 32. 355 
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1970, Road log for the engineering geology field trip: in Gries, J.P., ed., Guidebook and 356 
 Road Logs for the 23rd Annual Meeting of Rocky Mountain Section:  Geol. Soc. 357 
 Am., Rapid City, SD, p. 23-36. 358 
1970, (with Earl R. Hoskins and Donald W. Hammerquist), The use of aerial                                          359 
           photography to delineate areas of highway distress in Western South Dakota:           360 
          (Abs.), Geol. Soc. Am., Annual Meeting, Milwaukee, WI, p. 581. 361 
1971, The surficial geology of the Spring Hill Quadrangle, Connecticut:  Conn. Geol. and 362 
 Nat. Hist. Surv., Bull. 26, 31 p. and map. 363 
1971, The weathering of tombstones and its relationship to the topography of New 364 
 England:  Jour. Geol. Ed., v. 19, n. 3, p. 112-118. 365 
1971, (with E.R. Hoskins and D.W. Hammerquist), A preliminary investigation of 366 
 terrestrial and low altitude aerial infrared photography as an aid in determining 367 
 water table depths and buried geologic structures in the Pierre Shale in Western 368 
 South Dakota:  Final Rept. to Fed. Highway Adm., #HP 5806 (5115)P, 56 p. 369 
1971, Discussion:  Lunar wrinkle ridges indicative of strike-slip faulting: Geol. Soc. Am., 370 
 Bull., v. 82, p. 2365-2366. 371 
1971, The hydrologic significance of the November, 1968, dye test on Boxelder Creek, 372 
 Black Hills, South Dakota:  South Dakota Acad. Sci., v. 50, p. 52-56. 373 
1971, (with J.P. Gries), Estimating recharge to limestone aquifers based on spring 374 
 discharge:  (Abs.), Geol. Soc. Am., Annual Meeting, Washington, DC, p. 677. 375 
1972, (with Richard A. Bell), Rock glaciers in the Rocky Mountains of Wyoming and 376 
 Colorado:  (Abs.), Geol. Soc. Am., Rocky Mountain Sec. Annual Meeting, 377 
 Laramie, WY, p. 365. 378 
1973, (with J.P. Gries), Large springs in the Black Hills, South Dakota and Wyoming:  379 
 South Dakota Geol. Surv., Rept. of Invest. No. 107, 46 p. 380 
1973, Effect of the June 9 1972, floods on dams in the Black Hills, South Dakota:  (Abs.), 381 
 Geol. Soc. Am., Rocky Mt. Sec. Annual Meeting, Boulder, CO, p. 504-505. 382 
1973, Effect of urbanization on stream runoff in Rapid City:  South Dakota Acad. 383 
 Science, v. 52, p. 179-188. 384 
1973, Comparison of terrestrial and lunar mass-wasting processes:  Project Completion 385 
 Rept. to NASA Lunar Programs Office, Grant No. NGR 42-001-006, 121 p. 386 
1974, (with Richard H. Miller), Recharge to the Dakota Sandstone from outcrops in the 387 
 Black Hills, South Dakota:  Bull., Assoc. Engr. Geol., v. 11, n. 3, p. 221-234. 388 
1974, (with C.J. Frazee, F.C. Westin, and V.I. Myers), Use of ERTS-1 imagery for land 389 
 evaluation in Pennington County, South Dakota:  Proceedings, 9th  International 390 
 Symposium on Remote Sensing of the Environment, Ann Arbor, p. 549-568. 391 
1974, (with C.J. Frazee), Drainage alignment in Eastern Pennington County, South 392 
 Dakota::  S.D. Acad. Sci., v. 53, p. 61-68. 393 
1975. (with Robert Gjere), Glacial geology of the Meadowlark Lake area, Bighorn 394 
 Mountains, Wyoming:  (Abs.), Geol. Soc. Am., Rocky Mt. Sec. Annual Meeting, 395 
 Boise, ID, p. 637-638. 396 
1975, With L.S. Iyer, V. Ramakrishnan, and J.E. Russell), Durability tests on some 397 
 aggregates for concrete:  Constr. Div., Am. Soc. Civ. Engr., v. 101, n. CO3, Proc. 398 
 Paper 11574, p. 593-605. 399 
1975, Lessons learned from the June 9, 1972, flood in Rapid City, South Dakota;  Bull., 400 
 Assoc. Engineering Geologists, v. 12, p. 83-97. 401 
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1975, (with Howard A. Paul), Hydrogeology of a portion of the Sand Hills and Ogallala 402 
 aquifer, South Dakota and Nebraska:  Ground Water, v. 13, p. 428-437. 403 
1975, Environmental effects of mineral and water development in South Dakota:  404 
Mineral  and Water Resources of South Dakota, U.S. Geol. Survey, U.S. Senate 405 
 Committee on Interior and Insular Affairs, p. 71-76. 406 
1975, Ground water in coal strip-mine spoils, Powder River Basin:  Proceedings 35th 407 
 Annual Meeting, Montana Academy of Sciences and the Fort Union Coal Field 408 
 Symposium, p. 348-361. 409 
1976, Coulee alignment and the wind in Southern Alberta, Canada:  Discussion: Geol. 410 
 Soc. Am., Bull., v. 87, p. 157. 411 
1976, Discussion of “Hydrogeology of a portion of the Sand Hills and Ogallala Aquifer, 412 
 South Dakota and Nebraska”:  Ground Water, v. 14, p. 108, p. 481. 413 
1976, (with J.P. Gries and Richard K. Baker), A pump test in the Dakota Sandstone at 414 
 Wall, South Dakota:  South Dakota Geological Survey, Circular 43, 9 p. 415 
1976, Potential of coal strip-mine spoils as aquifers in the Powder River Basin:  Project 416 
 Completion Report to Old West Regional Commission, Billings, Montana, Grant 417 
 No. 10470025, 108 p. plus appendices. 418 
1976, Erosion below dams on the Missouri River:  (Abs.) Assoc. Engr. Geol., Annual 419 
 Meeting, Philadelphia, PA, p. 28. 420 
1976, (with William Back, Bruce B. Hanshaw, and Craig T. Rightmire), Flow pattern and 421 
 chemical character of water in the Pahasapa aquifer near the Black Hills, South 422 
 Dakota and Wyoming:  (Abs.), Geol. Soc. Am., Annual Meeting, Denver,           423 
          p. 1056-1057. 424 
1976, Recharge, Geochemistry, and potential of the Madison aquifer in western South 425 
 Dakota, invited paper at 21st Annual Midwest Ground Water Conference, Sioux 426 
 Falls, South Dakota. 427 
1976, Erosion below Mainstem dams on the Missouri River, South Dakota:  (Abs.), S.D. 428 
 Acad. Sci., v. 55, p. 180-181. 429 
1977, (with K.J. Dolsted, R.G. Best, J.R. Smith, J.C. Eidenshink, F.A. Schmer, and A.S. 430 
 Andrawis), Application of remote sensing in South Dakota to provide accurate 431 
 inventories of agricultural crops, enhance contrast in photographic products, 432 
 monitor rangeland habitat loss, map aspen, and prepare hydrogeologic surveys:  433 
 S.D. Remote Sensing Institute, SDSU-RSI-77-08, 88 p. 434 
1977, (with Vernon L. Bump and Fred V. Steece), Road log, engineering geology of 435 
 Central and Northern Black Hills, South Dakota:  28th Annual Highway Geology 436 
 Symposium, South Dakota Dept. of Transportation, 31 p. 437 
1977, The origin of the Prairie Coteau, Northeastern South Dakota;  S.D. Academy of 438 
 Science, v. 56, p. 28-33. 439 
1977, Erosion below mainstem dams on the Missouri River:  Bull., Assoc. Engineering  440 
 Geologist, v. 14, no. 2, p. 157-181. 441 
1978, Lessons learned from the June 9, 1972 flood in Rapid City, South Dakota: in 442 
 Utgard, R.O., G.D. McKenzie, and D. Foley, “Geology in the Urban 443 
 Environment,” Burgess Publ. Co., Minneapolis, p. 41-48. 444 
1978, An exhibit to illustrate the role of fluid pressure in fault movement:  Journal of 445 
 Geological Education, v. 26, no. 3, p. 110-111. 446 
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1978, (with Deborah L. Mabes), Seepage from uranium tailing ponds and its impact on 447 
 ground water:  Organization for Economic Cooperation and Development, 448 
 Nuclear energy Agency, Paris, Seminar on management, stabilization and 449 
 environmental impact of uranium mill tailings, Albuquerque, N.M., July 24-28, p. 450 
 127-141. 451 
1978, Hydrogeology of the Argonne National Laboratory site, Illinois:  (Abs.), Assoc. of 452 
 Engineering Geologists, Annual Meeting, Hershey, Pennsylvania. 453 
1978, Ground Water in coal strip-mine spoils, Powder River Basin: (Abs.), Am. 454 
          Geophys. Union, Annual Meeting, San Francisco, EOS, Transactions, v. 59, n. 12,            455 
           p. 1067. 456 
1979, Effect of the ETSI coal slurry pipeline on water resources in Wyoming, South 457 
 Dakota, and Nebraska:  (Abs.), Proc., North Dakota Academy of Science, v. 33, 458 
 p. 76. 459 
1978, Landsat-1 Photo-interpretation of forest fire hazards in the Black Hills:  S.D. 460 
 Academy of Science, v. 57, p. 132-138. 461 
1979, Hydrogeology of a glacial plain:  in Heilman, James L. and Donald G. Moore, ed., 462 
 Remote sensing of hydrology ineastern South Dakota:  South Dakota State 463 
 University, Remote Sensing Institute, #79-07. 464 
1979, Generic assessment of environmental impacts due to seepage from uranium 465 
 tailings:  (Abs.), Geol. Soc. Am., Annual Meeting, San Diego, p. 501. 466 
1979, (with J.H. Opelka, P.C. Chee, R.J. Flynn, S.W. Hong, M.R. Nathanson, B.L. 467 
 Reider, R.O. Buchanan, and Y.C. Yuan), Environmental impacts of a safeguards 468 
 system at a back-end fuel cycle facility:  Inst. Nuclear Materials Management, 469 
 Journal, Fall, 1979. 470 
1979, (with G.L. Montet, P.A. Benioff, and others), Descriptions of United States 471 
 uranium resource area, a supplement to the generic environmental impact 472 
 statement on uranium milling:  Argonne National Laboratory, NUREG/CR - 0      473 
             0597,  ANL/ES - 75. 474 
1979, Effect of the proposed ETSI coal slurry pipeline on water resources in Wyoming, 475 
 South Dakota, and Nebraska:  Proc., South Dakota Academy of Science, v. 58, p. 476 
 100-113. 477 
1980, Floods and flood plain management in the north-central United States: (Abs.),         478 
          Geol. Soc. Am., Annual Meeting, Atlanta, GA, p. 505. 479 
1981, Ground Water Resources of Western South Dakota:  Final Report to U.S. Army 480 
 Corps of Engineers, Omaha District, January 10, 1981. 481 
1981, Aquifer evaluation elements of the western Dakotas Region of South Dakota:        482 
           Final Report to the U.S. Army Corps of Engineers, Omaha District, February 28,   483 
         1981. 484 
1981, (with Hilary James Brook), Potential dam site selection for artificial recharge to 485 
 Paleozoic aquifers, Black Hills:  (Abs.), Geol. Soc. Am., Rocky Mt. Sec., Annual 486 
 Meeting, Rapid City, SD, p. 192. 487 
1981, Surface and ground water relationships in the Madison Limestone aquifer area of 488 
 the Black Hills:  (Abs.), Proceedings, 10th Annual Rocky Mt. Ground Water 489 
 Conference, Laramie, WY, p. 69. 490 
1981, 1985, (with Vernon L. Bump and Fred V. Steece), Engineering geology of the 491 
 Central and Northern Black Hills, South Dakota: in Rich, Fredrick J., Geology of 492 
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 the Black Hills, South Dakota:  Am. Geol. Inst., Field Trip Guidebook for Geol. 493 
 Soc. Am. Rocky Mt. Sect. Annual Meeting, p. 135-153. 494 
1981, 1985, Ground water stored in the rocks of Western South Dakota:  in Rich, 495 
 Fredrick J., Geology of the Black Hills, South Dakota:  Am. Geol. Inst., Field  496 
 Trip guidebook for Geol. Soc. Am. Rocky Mt. Sect. Annual Meeting, p. 154-173. 497 
1981, Pedestrian’s guide to building stones and general geology of Rapid City, South 498 
 Dakota:  Museum of Geology, S.D. School of Mines and Tech., 10 p. 499 
1981, (with Donald G. Moore), Landsat data for locating shallow glacial aqifers in 500 
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14. U.S. Army Corps of Engineers, Western South Dakota Water Plan, Stage II,  880 
  $27,403, 1980. 881 
15. U.S. Forest Service, “Reconnaissance Inventory of Environmental Impacts of  882 
  Uranium Mining in the Southern Black Hills,” $24,956, 1980-81. 883 
16. Black Hills Conservancy Subdistrict, “Effects of Uranium Test Hole Drilling on  884 
  Ground Water in the Eastern Black Hills Area, South Dakota,” $7,821,  885 
  1980-81. 886 
17. Perpetual Service Corp., “Stream Gaging of Slate Creek,” $9,086, 1981-82. 887 
18. U.S. Department of Energy (with William Roggenthen), “Low-level radioactive  888 
  wastes in semi-arid shale-hosted sites,” $50,000, 1984-85. 889 
19. South Dakota Governor’s Office of Economic Development, “Application of  890 
  geothermal resources in Western South Dakota,” $53,844, 1987-88. 891 
20. South Dakota Water Resources Research Institute (with Arden Davis and Thomas 892 
  Propson), “Black Hills Water Resources Model,” $56,000, (1987-88);  893 
  $50,061, (1988-89); $54,000 (1989-90). 894 
21. South Dakota Governor’s Office of Economic Development, “Geothermal Water  895 
  Utilization for the City of Belle Fourche, South Dakota: $12,500, 1988-89. 896 
22. South Dakota Dept. Water and Natural Resources, Permeability of the Madison  897 
  Aquifer in the Black Hills Area” $24,823 (1990-91), $25,307 (1991-92). 898 
23. South Dakota Dept. of Transportation (with V. Ramakrishnan), “Development of  899 
  a Type IP Cement,” $74,977 (1991-93). 900 
24. South Dakota Department of Environment and Natural Resources (with Cathleen  901 
  J. Webb), Potential chemical and environmental hazards at abandoned  902 
  mining sites in the Black Hills,” $71,149 (1991-93). 903 
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25. U.S. Forest Service (With Cathleen J. Webb and Arden D. Davis) “Abandoned   904 
            and inactive mine inventory in the Black Hills National Forest of South  905 
           Dakota,” $100,000 (1992-93). 906 
26. South Dakota Department of Environment and Natural Resources (with Rafiq  907 
  Islam and William Roggenthen) “Fluid flow and contaminant propagation  908 
  in fractured formations in the Black Hills area,” $99,000 (1992-94). 909 
27. South Dakota Department of Environment and Natural Resources (with M. Rafiq  910 
  Islam) “A new effective method for characterizing fluid flow through  911 
  fractured formations,” $39,956 (1993-94). 912 
28.     South Dakota Department of Environment and Natural Resources, “Remediation of    913 
                  scale buildup in the Public Water Supply System, City of Philip, South  914 
                  Dakota”  $1,000 (1997).       915 
                  916 
 917 
Major Consulting Experience 918 
 919 
1. John C. Macchi Const. Co., Hartford, CT, Interstate highway rock-cut slope  920 
  stability, 1966. 921 
2. Charles A. Maguire Co., Providence, RI: Providence, RI, Ground water resources; 922 
  Central Connecticut ground water resources; Norwich, Connecticut 923 
ground   water resources, 1967-68. 924 
3. Schmucker, Paul, Nohr, and Associates, Mitchell, South Dakota, Water   925 
  Resources of Indian Reservations, 1970-75. 926 
4. Francis, Meadow, and Gellhaus, Inc., Rapid City, South Dakota, Ground water  927 
  investigations, 1969-76. 928 
5. City of Rapid City, Landslide studies, 1974-76, 1981. 929 
6. Various private individuals, Water well and landslide problems, 1965 to present. 930 
7. United Family Farmers, Carpenter, South Dakota, Hydrogeologic study of Oahe  931 
  Irrigation area, 1974-76. 932 
8. Burlington-Northern Railroad, Billings, Montana, Hydrogeology of Madison  933 
  Limestone studies, 1975-76. 934 
9. Argonne National Laboratory, Argonne, Illinois, Hydrogeology of Uranium mill  935 
  sites, 1976, 1980. 936 
10. City of Belle Fourche, S.D., Hydrogeology of water infiltration gallery, 1979. 937 
11. Oak Ridge Nat. Lab., Hydrogeology of Edgemont, S.D. uranium tailings area, 1979. 938 
12. Perpetual Service Corp., Hydrology of Deerfield Park Parcel, Pennington 939 
                          County, S.D., 1980-90. 940 
13. Remote Sensing Institute, S.D. State U., Syrian student hydrogeology training  941 
 program, 1980. 942 
14.      U.S. Forest Service, Construction of weirs in the Black Hills, 1981. 943 
15.      Jerry McCutchin Petroleum Co., Dallas, Texas, Ground water studies, 1982, 1985. 944 
16.      Marline Uranium Corp., Danville, VA.: Ground water studies, 1983. 945 
17. Rapid City Planning Commission, Landslide studies, 1982-85. 946 
18. Wyss, Inc., Architects, Pennington Co., Cinnamon Ridge subdivision engineering 947 
  geology study, 1985. 948 
19. Renner & Sperlich, Engineers, Colonial Heights Subdivision, Engineering 949 
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   geology study, 1985. 950 
20. South Town Development Co., Engineering geology studies, 1985. 951 
21. City of Wall, SD:  Water well studies, 1985. 952 
22. Omohundro and Palmerlee, Buffalo, WY, Ground water litigation studies near  953 
  Gillette, WY, 1986-88. 954 
23. ReSpec, Rapid City, SD, Supercollider geotechnical studies, 1987. 955 
24. City of Rapid City, SD, Slope stability study of sanitary landfill site, 1987. 956 
25. Ellsworth Air Force Base, SD, Drainage problems at runway, 1989. 957 
26. Tech. Info. Project, Hydrogeology of proposed waste disposal facility at   958 
  Edgemont, SD, 1989. 959 
27. Low-Level Radioactive Waste Monitoring Committee, Boyd Co., NE, Ground  960 
  water studies near Butte, NE, 1989-93. 961 
28. Burgess, Davis, Carmichael and Cannon, Sheridan, WY, Ground water studies at  962 
  AMAX coal mine, 1990. 963 
29. ReSpec, Rapid City, SD, Infiltration study for Yucca Mountain, NV, 1990. 964 
30. Bear Lodge Ltd., Inc., Sundance, WY, Water well pump test analysis, 1991. 965 
31. Farrell, Farrell and Ginsbach, Hot Springs, SD, Hydrology of LaCreek Wildlife  966 
  Refuge, 1991. 967 
32. City of Crawford, NE, Water supply study, 1992. 968 
33. City of Chadron, NE, Waste disposal study, 1992. 969 
34. City of Rapid City, SD, Siting requirements for wastewater systems in the   970 
  Madison Limestone, 1992. 971 
35. U.S. National Park Service: Landslide problems at Badlands National Park, 1993. 972 
36. Piedmont Valley Improvement Assoc., Aquifer evaluation study, 1993. 973 
37. Aguirre and Associates: Landslide evaluation in Deadwood, SD, 1992. 974 
38. U.S. Dept. Justice, Geochemical study of Superfund Site at Butte, MT, 1993. 975 
39. United Sioux Tribes, Hydrogeology of proposed landfill site near Lake Andes,  976 
  SD, 1993-96. 977 
40. Northwest Engineering, Tidioute, PA, Slope stability near Deadwood, SD, 1994. 978 
41. Universisty of Toronto, Evaluation of geological engineering program, 1994. 979 
42. University of North Dakota, Evaluation of geological engineering program, 1994. 980 
43. Coca-Cola: Well permit, Rapid City, SD, 1994. 981 
44. Gislason, Oosland, Hunter and Nalecki, New Ulm, MN, Landslide litigation, 982 
                       1995. 983 
45. Robert Moore, Rapid City, SD, Slope stability study, 1996. 984 
46. Woods, Fuller, Shultz and Smith, Sioux Falls, SD: Flood litigation, 1996.  985 
47. Arneson, Issenhuth & Gienapp, Madison, SD: Forensic geology, 1997. 986 
48. Abourezk Law Offices, Sioux Falls, SD: Litigation for proposed feedlot, 1998. 987 
49. BECOME, Inc., Box Elder, SD: Ellsworth AFB superfund site, 1998-2000. 988 
50. Wyss Associates, Rapid City, SD: water supply for Frawley Ranch, 1999. 989 
51. Fuller, Tellinghuisen, Gordon and Percy, Litigation for development at Spearfish, 990 

SD, 2000. 991 
52. City of Spearfish, pump test, 2000. 992 
53. DeMersseman-Jensen, Lawyers: litigation for: (1) Ewert residential flooding, (2) 993 

Lien limestone reserves, 2001. 994 
54. Ralph Goodson, PE, Aquifer availability near New Underwood, SD, 2004. 995 
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55. Cleghorn Springs Fish Hatchery, pumping scheme, 2004. 996 
56. Jim Glines gypsum sinkhole study, 2004. 997 
57. Elk Creek Water Trust, Inc., Hydrogeology of Lower Elk Creek, 2004. 998 
Burns & McDonnell, Hydrogeology of Rapid Ci 999 


