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The fascinating 
impressiveness of 

rigorous mathematical 
analysis, with its 
atmosphere of 
precision and 

elegance, should not 
blind us to the defects 
of the premises that 
condition the whole 

process (T. C. 
Chamberlin, 1899)
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http://brc.gov/e-mails/August10/Borehole_SAND2009-4401.pdfng(o)3



Heat and Salt: 
Theory and Practice

Basalt Dike
Nuclear Detonation (3kt)

https://e-reports-ext.llnl.gov/pdf/19111.pdf

Werra District, Germany Gnome, New Mexico, USA

miner for scale
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Cavity produced by Gnome detonation and subsequent collapse 70 feet high and >150’
across (miner at right center of rubble pile). Photo by Lawrence Radiation Laboratory



http://www.lm.doe.gov/Gnome/Documents.aspx

http://www.lm.doe.gov/Gnome/Documents.aspx


Edward Teller, “We’re Going to Work Miracles”
Popular Mechanics, 113, 3, p.100, March 1960

http://books.google.com/books?id=v9sDAAAAMBAJ&pg=PA100&lpg=PA100&dq=Gnome,+Plowshare,+AEC&source=bl&ots=CJW8rz9ke
i&sig=uacAhLB8ik5htr8dyFIwflg7Kpw&hl=en&ei=A7cHTab9BoOcsQPU__CxDg&sa=X&oi=book_result&ct=result&resnum=4&ved=0CC8

Q6AEwAzgU#v=onepage&q=Gnome%2C%20Plowshare%2C%20AEC&f=false
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http://csmres.jmu.edu/geollab/fichter/MetaRx/Contact.html

http://csmres.jmu.edu/geollab/fichter/MetaRx/Contact.html


http://geology.csupomona.edu/drjessey/class/Gsc101/Meta.html

Metamorphism and metasomatism produced 
four zones near the contact, 
three ranging from 3cm to 15m wide.  

http://www.tulane.edu/~sanelson/eens212/contactmeta.pdf

http://www.indiana.edu/~geol105/images/g
aia_chapter_5/igneous_rock_bodies.htm

http://www.answersincreation.org/curriculum/geology/images/Dike_Cross-
Island Trail Alaska jpg

http://geology.csupomona.edu/drjessey/class/Gsc101/Meta.html
http://www.tulane.edu/~sanelson/eens212/contactmeta.pdf
http://www.indiana.edu/~geol105/images/gaia_chapter_5/igneous_rock_bodies.htm
http://www.indiana.edu/~geol105/images/gaia_chapter_5/igneous_rock_bodies.htm
http://www.answersincreation.org/curriculum/geology/images/Dike_Cross-Island_Trail_Alaska.jpg
http://www.answersincreation.org/curriculum/geology/images/Dike_Cross-Island_Trail_Alaska.jpg


Photos by Brian Penn
http://www.spanishpeakscolorado.com/

http://www.braaschphotography.com/FabulousPhotos/18ShipRockNM.j

Igneous Dikes

http://www.spanishpeakscolorado.com/
http://www.braaschphotography.com/FabulousPhotos/18ShipRockNM.jpg
http://www.braaschphotography.com/FabulousPhotos/18ShipRockNM.jpg


Dike width 30 cm, contact zone <2 cm wide

1989

Dike in Merkers       
potash mine

http://literatur.freepage.de/cgi-
bin/feets/freepage_ext/41030x030A/rewrite/labont

e/geologie/merkers/abb2.htm
http://www.oeko.de/oekodoc/858/2008-001-de.pdf ng(o)3



Approximate dike trend through Carlsbad 
potash mines (Mosaic and Intrepid)

enhanced from DOE illustration

Salt and peridotite samples from Cayuga mine 
(courtesy Leo Van Sambeek)
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leached contact zone
~ 20’ wide

dike ~30’ wide

polyhalite

CO2 blowout 
cavities

potash ore dike

Igneous dike in Intrepid potash mine, Carlsbad, NM

March 4,  2011, NTR
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http://www.texashuntworks.com/index.php/Media/Pictures/Moose-Stuck-In-A-Rut.html

http://www.texashuntworks.com/index.php/Media/Pictures/Moose-Stuck-In-A-Rut.html
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Auxiliary slides



UNDERGROUND NUCLEAR TESTS AND OTHER 
WORST-CASE ANALOGUES FOR

GEOLOGIC WASTE ISOLATION
REMPE, Norbert T., 1403 N Country Club Cir, Carlsbad, NM 
88220-4115, rempent@yahoo.com 
Six nuclear underground detonations in New Mexico, Colorado, 
and Louisiana provide useful anthropogenic analogues for 
geologic isolation of dangerous wastes. All resulted in negligible 
or undetectable harm to humans and their environment. Nature 
provides other worst-case analogues such as magmatic 
intrusives and their very thin metamorphosed contact zones. 
These extreme examples add to the already very reasonable 
confidence that geologic media can confine dangerous 
substances safely and permanently.

mailto:rempent@yahoo.com


http://brc.gov/pdfFiles/November2010_Meeting/GarrickBRCSlides111610.pdf

The fascinating impressiveness of rigorous mathematical 
analysis, with its atmosphere of precision and elegance, 
should not blind us to the defects of the premises that 
condition the whole process (T. C. Chamberlin, 1899)



83% of present surface heat flow is due   
to radioactive decay of U, Th, and K

http://www.und.edu/org/ihfc/Gosnold_AAPG07.ppt#316,18,Global Heat Flow

Geothermal energy is the ethical energy source for the future

http://www.heatflow.und.edu/Gosnold2Geothermal.ppt#263,1,Geothermal Energy is the Ethical Energy Source for the Future

Geothermal resources are                                        
low temperature (< 90°C or 194°F),                                            
moderate temperature (90°C - 150°C or 194 - 302°F), and      
high temperature (> 150°C or 302°F)

http://geoheat.oit.edu/whatgeo.htm

http://geoheat.oit.edu/whatgeo.htm


http://www.window.state.tx.us/specialrpt/energy/pdf/21-Geothermal.pdf

http://geothermal.marin.org/GEOpresentation/sld030.htm

http://www.infinitepower.org/resgeothermal.htm

http://www.window.state.tx.us/specialrpt/energy/pdf/21-Geothermal.pdf
http://geothermal.marin.org/GEOpresentation/sld030.htm
http://www.infinitepower.org/resgeothermal.htm


http://www.tulane.edu/~sanelson/eens212/contactmeta.pdf

Model assumes that all heat moves by conduction. If country rock is saturated
with water or pluton expels water, and if country rock is permeable, then heat will
move into country rock by convection. Water will be heated near contacts and carry heat
outward and away where it will eventually cool to return to contacts to carry away more heat.

Key assumptions:

Conduction only in dry rock

Widthdike 100m 

Tmagma, initial 1 100°C

Thost rock, initial 0°C

Theat of latent crystallization 1 100-800 °C

Calculated results:

Tsolid dike 800°C after 10 300a

Thost rock 600°C after 1 600a





https://e-reports-ext.llnl.gov/pdf/19111.pdf



source: Schneider & Herzog (2000), IAEA-CN-78/9 http://www.bvsde.paho.org/bvsacd/safety/paper009.pdf

Liquid Russian Waste Injection

It should be noted that discharges to the (Yenisei) river are not the only releases to the environment at this 
(Krasnoyarsk-26) site.  Eleven EBequerels (300 million curies) have also been injected underground.

source: I.M.Kosareva et al. (2001) 
http://www.wmsym.org/archives/2001/31B/31B-19.pdf

source: Frank L. Parker et al. (1999) http://www.wmsym.org/archives/1999/56/56-6.pdf

http://www.bvsde.paho.org/bvsacd/safety/paper009.pdf
http://www.wmsym.org/archives/2001/31B/31B-19.pdf
http://www.wmsym.org/archives/1999/56/56-6.pdf


History and Overview of Deep 
Injection of Radioactive Liquids in 
Russia

A.I. Rybalchenko, V.M. Kurochkin,  
A.A. Zubkov, GWPC Annual Forum, 
2004

The main results of injection:

During last 40 years more than 50 
million cubic meters on radioactive 
wastes were injected within 3 
injection sites

10 million cubic meters of toxic waste 
were injected within 2 injected sites

Thus the negative impact of this 
waste on environments and 
population was prevented

BORehole Injection Sites at Krasnoyarsk-26 and Tomsk-7



www.lm.doe.gov/Gasbuggy/S04019_GSB.pdf 

Gasbuggy/Plowshare



Mississippi 
test location

kt
Salmon:         5.3      Oct. 1964
Sterling:         0.38    Dec.1966
Diode Tube    0.315  Feb.1969
Humid Water 0.315  April 1970

*nuclear *CH4/O2 explosive www.lm.doe.gov/WorkArea/linkit.aspx?LinkIdentifier=id...1325

http://www.lm.doe.gov/WorkArea/linkit.aspx?LinkIdentifier=id...1325


Thank you for giving me the 
opportunity

to make your minds play

“outside the box”


