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DRA-9. HEAT FLOW CHARACTERIZATION 
 
Marshall Reiter April 30, 2007, revised October 17, 2008 (reviewed by V.T. McLemore) 

Geothermal Regime of Rock Piles at the Questa Mine as Determined by Field Temperature 
Logs at Sugar Shack West, Sugar Shack South, Middle, and Sulfur Gulch South 

 
1. STATEMENT OF THE PROBLEM 

A) Where are the hottest zones in the rock piles, what are the problematic causes of these hot 
zones, and could the development of the hot zones have relevance to the rock pile stability in 
terms of creating a potentially weakened layer? 
 
 B) Are fluid (liquid or gas) flows detectable, are flow directions discernable, and 
can the magnitude of flow (specific discharge) be calculated at the drill sites in order to 
estimate vapor flux from the rock piles? 
 
 C) What are the commonalities and differences observed in the temperature logs at the 
drilling sites where subsurface temperatures were measured, and can these data suggest the 
dimensional heterogeneity of thermal phenomena operating in the rock pile which may relate 
to the extent of layer instability? 
 
 D) Will temperature data taken over the entire depths of the rock pile provide valuable 
information not available in shallower drill holes? 

 
2. PREVIOUS WORK 

Lefebvre et al (2001, 2002) use temperature and oxygen data from drill tests ~ 15 - 22m deep 
(49-75 ft) in the Sugar Shack South rock pile to develop numerical simulations of thermal 
phenomena operating in the pile. Their conclusions include: 1) water vapor transfer can be 
important in rock pile water balance, 2) temperatures can be affected by condensation and 
evaporation of water, 3) inclined geometry favors strong lateral convection patterns, 4) 
benches can have significant influence on vapor flow, and 5) relatively high temperatures 
increasing with depth suggest high pyrite oxidation over the pile depth. 

Wels et al (2003) also discuss air-flow in waste rock piles and use the Sugar Shack 
South rock pile as one of the case studies. Their model results for the Questa rock pile 
suggest that the pile geometry (a thin veneer of waste material over a mountain slope of 
about 30 degrees) leads to strong lateral vapor convection along the length of the pile; 
providing an increase in temperature and allowing oxygen concentrations to remain high over 
the entire pile.  McLemore et al. (2008) and DRA-7 characterize the hot zones. 
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3. TECHNICAL APPROACH 
Reiter (2004) presents techniques of continuous temperature logging in the unsaturated zone 
applicable to the Questa rock piles. Temperature logging by waiting for thermistors to 
equilibrate at depth intervals (as done by Chevron personnel) can also provide valuable 
temperature data. 

Curvature in the temperature logs can generally be interpreted as perturbation to 
steady state conduction, e.g., non-steady state conduction due to temperature change at the 
surface or at some depth, and steady-state horizontal and/or vertical advection of heat 
(Bredehoeft and Papadopulos, 1965, Lu and Ge, 1996, Reiter 2001, 2006). Curve fitting of 
appropriate expressions incorporating these heat transferring processes provides estimates of 
expression coefficients that incorporate desirable parameters such as amount of surface 
temperature change, specific discharge, etc (Reiter 2001, 2006).  

The temperature logs in this study were analyzed to provide qualitative understanding 
of the possible advection directions and quantitative estimates of specific discharge when 
possible by using the curve fitting processes described in the above references (Reiter, 2008). 

DRA-10 by K. Solomon summarizes another view of this work. Appendix 1 
summarizes M. Reiter’s comments to K. Solomon’s report. 
          

4) CONCEPTUAL MODELS 
Figure 1 shows one of the temperature logs made by New Mexico Bureau of Geology and 
Mineral Resources personnel. The temperature log at this site (SI 47) demonstrates some of 
the observations that can be made from temperature logs. The curvature from 5-23m (16.4-
75.4 ft) is suggestive of convective processes, warm fluids moving upward and/or warm 
fluids moving horizontally. Both expressions for these processes are statically possible in this 
example. From the expression for vertical flow one can calculate the vertically upward 
specific discharge. By considering the proposed heat transfer processes for the temperature 
logs at various sites along the rock piles (as just discussed) one can experimentally determine 
some, if not all, of the flow characteristics at measured sites in the piles, the heterogeneity of 
thermal phenomena, and the uniqueness of thermal phenomena at a given site. Applying the 
above cited analysis, the upward vertical flux (specific discharge – m3/m2/sec) at SI 47, 
between 5 and 23 m is estimated to be ~ 8*10-8 m/s liquid water equivalent (~1.9 m/yr liquid 
water equivalent, or ~ 24 m/day air flow). Note these estimates of liquid water flow are only 
examples or references of thermal mass or thermal volume flow not actual in-situ flow 
estimates. Estimates for air flow provide a better comparison with gas flow in the models 
discussed above. 

Figure 1 also shows that at site SI 47 maximum temperatures occur spatially 
coincident with the zones of - pyrite oxidation as indicated by coloration of sandy clay. This 
is often the case in the drill holes where sample descriptions are available. The clay 
coloration, suggesting pyrite oxidation is often quite variable and discontinuous. The bottom 
part of the temperature log at SI 47 (Figure 1) shows a very linear section, suggesting a return 
to near-steady state conductive heat transfer. 
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FIGURE 1. This graph shows a temperature log profile with depth for hole SI 47. The bottom 
part of the curve shows a very linear section, suggesting a return to near-steady state 
conductive heat transfer. 
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5) STATUS OF COMPONENT INVESTIGATION 
Temperature logs have been made in 20 drill holes at the four rock piles (Figs. 2, 3). Data 
were taken by Chevron personnel and personnel from NMBGMR. At most of these sites 
measurements across the depth of the pile, including the hottest zones of the drill holes, were 
accomplished. 
 

 
FIGURE 2. Location of Questa mine facilities. 

 

 
FIGURE 3. Location of Questa drill holes with heat flow measurements. 
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At drill sites were sample logs were available, depth equivalence of the highest 

temperatures and coloration associated with considerable pyrite oxidation was often noticed. 
Pyrite oxidation likely causes the heating of the pile and the hottest temperatures. 
Considerable air-flow in the rock pile supports the oxidation process. The internal friction 
(shear strength) of pile material in the zone of pyrite oxidation should be considered relative 
to other pile material to determine if the rheology of the hot zone is weakened, strengthened, 
or unaffected. 
       Advection of fluids has been interpreted from the temperature logs in most of the 
wells and the direction of fluid flow can be suggested. More study of the flow patterns 
suggested at each drill site needs to be made in order to consider potential flow between sites. 
For more details see the final report (Reiter, 2008). 
 

6) CONCLUSIONS OF THE COMPONENT  
The specific discharge can be estimated at many of the sites for vertical advective flow 
(specific discharge). Because of the very uncertain horizontal temperature gradients, 
horizontal fluid flow estimates cannot be made with reasonable certainty. Considerable 
vertical and horizontal advective fluid (air) flow is noted at many of the sites. Warming 
advection is noted above the hottest zones in most of the wells where temperatures were 
measured. Cooling advection is noticed below the hottest zones in some of the measured 
wells, whereas warming advection below the hottest zones is noticed in other wells. From the 
temperature data taken in the drill holes it can be reasonably suggested that the thermal 
phenomena or processes are acting in a three dimensionally anisotropic and heterogeneous 
fashion. The characteristic dimension of the heterogeneity is likely smaller than the distance 
between the drill holes. From the distance between the closest drill holes (on rock pile Sugar 
Shack West) the heterogeneity in thermal processes is less than ~ 160 ft. Temperature log 
differences between these two wells (laterally separated, i.e. horizontal transect across the 
rock pile) suggests that lateral in-homogeneities may be as significant as vertical in-
homogeneities.  To consider the extent of the hottest layer would require drill test 
perpendicular to the present site profiles, but some estimates are possible along the profiles 
(see report).        

The potential for lateral convection, i.e. approximately normal to a vertical transect, 
should be considered. This movement may be quite important in the filled valleys with steep 
sides. The T logs in deeper drill holes provided considerable information with regard to the 
highest temperatures, the zones of potential fluid (air) flow, and the thermal regime below 
and in the deeper depths of the rock pile.  

To further investigate the thermal regime of the rock pile more drill tests are 
necessary. These tests should be logged not only for temperature, but also for any other 
geophysical logs that might be possible. Geophysical logging may well answer many of the 
questions concerning porosity, saturation, oxidation, etc. These studies would most likely 
require more than 25% of the current component budget. 
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APPENDIX 1. M. Reiter response to comments by K. Solomon (DRA 10) 
concerning the geothermal report. 
 
I believe K. Solomon misinterprets my results and interpretations. 
 
1. As I have said, I cannot tell what fluid is moving heat, only the thermal mass moved. My 
report indicated the best in situ fluid flow estimates are air flows which compare favorably with 
published modeled gas flow. The liquid water is used only as a reference, as stated in the report, 
not an estimate of in situ fluid flow. One can put whatever fluids in the mix to make up the 
thermal mass flow. As such K. Solomon's statement that my flow estimates are 10-100 too large 
is not relevant. 
 
2. I do not exclude heat production across the pile. I only suggest that the end point temperatures 
of the flow zones are constant. The curvature I interpret as indicating advection of "some" fluid 
because of the often very smooth T log. If important heat sources were present across flow zones 
the data would be noisy, examples of this are given in the text. K. Solomon originally thought I 
was using the entire T log to interpret flow, even though I presented the flow zones in figures 
and tables. I base my interpretation of the T data employing experience gained from examining 
many hundreds of T logs. 
 
3. Although not explicitly needed for the advection interpretation, I believe that data do suggest a 
relatively more oxidized zone maybe 10-15m across the well depth for two reasons: 
a. the drill sample colorations,  
b. although pyrite is present and oxidation noted in the five samples across well SI50 where 
petrographic analysis was performed (DRA 7), there was 5-10 times the pyrite noticed in a zone 
coincident with high temperatures compared to the other  zones and much of that pyrite appears 
to have been oxidized. 
 
4. The T log K. Solomon presents with the associated heat sources does not explain the 
curvatures I interpreted across each of the flow zones. To obtain the very uniquely curved 
sections interpreted as flow zones; from heat contributions, would require a unique heat source 
distribution which K. Solomon's model does not show. Such a unique heat distribution would be 
ad hoc if not confirmed by experimental results and/or observations. 
 
5. It would be valuable for K. Solomon to demonstrate the heat source distribution that would 
provide the unique T log curvature demonstrated in the logs, e.g. SI 46 between 30 ft and 150 ft. 


