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Introduction

This report was prepared in regard to Water Permit Application No.
2730-2, which under the Applicant’s revised application requests 0.23 cubic
feet per second (cfs) of water from the Madison aquifer. The request for
0.46 cfs was modified to 0.23 cfs by the applicant in a letter of February 18,
2015. A new Madison well would be constructed to augment production
from two existing wells that were authorized in a previous permit (Water
Permit 2610-2). The wells are in the NW % SE Y4 of Section 10, T. 6 S., R.
3 E., in Custer County, South Dakota. The new well would be about 900
feet from the existing wells at the site.

The Madison aquifer underlies much of the southern Black Hills area
and contains abundant groundwater supplies. The Madison aquifer, at the
site of Water Permit Application No. 2730-2, is understood by current
scientific literature to be fully saturated (Carter et al., 2002), as shown on
Figure 1. Groundwater in the Madison aquifer is an under-utilized and
almost undeveloped resource in the vicinity of the requested withdrawals. In

the S.D. DENR review of Water Permit Application No. 2730-2, Mr. Buhler




(2014) noted no other existing water rights/permits for the Madison aquifer

within ten miles or more of the applicant site. Additional evidence of the
under-utilized nature of the Madison aquifer, in the area of the requested
permit, is available in reports of the U.S. Geological Survey. A
potentiometric map of the Madison aquifer in the Black Hills (Strobel et al.,
2000) showed no Madison wells for water-level contours in the entire 36
square mile area of T. 6 S., R. 3 E. (Figure 2). Therefore there are no other

water permit demands for the aquifer within the 36 square miles.

Concerns Raised by the National Park Service

The National Park Service filed a petition in 2014 to intervene in the
matter of Application No. 2730-2. In its petition letter, the National Park
Service cited a concern about water levels in the Madison aquifer within
Wind Cave National Park. The letter showed calculated values of predicted
drawdown at a distance of 13 miles from the site of the requested Water
Permit Application No. 2730-2. Assumptions underlying the use of the
equations appear to be faulty. The petitioner’s assumed values of the aquifer
properties used in the calculations are quite variable. For example, the
calculations used a storage coefficient value of 0.0002 in trying to predict
drawdown at a distance of thirteen miles, from the site of the requested
water permit to Wind Cave, even though the outcrop of the Madison
Limestone (i.e., part of its recharge area) is exposed between Wind Cave and
the site of Water Permit Application No. 2730-2. The aquifer would receive
recharge at its outcrop area, but the Theis equation assumes that no recharge
occurs during drawdown calculations. Recharge to the aquifer would reduce

any drawdown from pumping.




At the outcrop area and eastward toward Wind Cave, the aquifer

would be under water-table (unconfined) conditions. It is not appropriate to
use a small storage coefficient value such as 0.0002 (which is typical of a
confined aquifer) in such an area. The groundwater in Wind Cave and its
lakes is under atmospheric pressure and is not confined by thé overlying
weight of rocks, because the cave is open to the atmosphere. Therefore, the
Madison aquifer is not a confined (artesian) aquifer at the cave, and the
water is not under pressure by an overlying confining layer. A very small
storage coefficient of 0.0002 implies confined conditions (Freeze and
Cherry, 1979) and is not suitable for predicting drawdowns at the Wind
Cave lakes. A storage coefficient value of 0.0002 would give
inappropriately large calculated values of drawdown at Wind Cave,
compared to values of drawdown calculated with a storage coefficient value
that would be typical of an unconfined (water-table) aquifer at the cave. For
areas where an aquifer is unconfined, a storage value much larger than
0.0002 normally should be used. Accordingly, calculated drawdowns from
pumping would be less.

The deep lakes at Wind Cave are mainly at the eastern and
southeastern side of the cave, approximately 13 miles or more from the site
of Water Permit Application No. 2730-2. This is a long distance (more than
68,000 feet) for extrapolating drawdowns; it is noted that in his review of the
application, Mr. Buhler (2014) extended his extrapolated drawdowns to a
distance of 2000 feet away, which is much more reasonable than a longer
distance, because of variability of aquifer properties and uncertainty about
hydrologic conditions.

The transmissivity and storage coefficient values of the Madison

aquifer are not known with certainty in the Black Hills and can be quite



variable. It is at best speculative to assert that drawdowns of 6 to 9 feet or
more would occur at Wind Cave because of pumping occurring about 13
miles away at the site from Water Permit Application No. 2730-2.

It is also important to report that the site of requested applicant
withdrawals does not appear to be upgradient from Wind Cave and therefore

would be less likely to result in an adverse effect at the cave.

Concerns Raised by the Black Hills National Forest

The United States Department of Agriculture, Black Hills National
Forest, in January of 2015 filed a petition to intervene in the matter of
Application No. 2730-2. In its letter, the National Forest expressed concern
that withdrawals could over time affect the warm water spring ecosystem at
Cascade Springs. However, Cascade Springs are approximately 17 miles
from the site of requested applicant withdrawals from the Madison aquifer,
which is a very long distance for extrapolating effects of pumping. In
addition, water at the site of Water Permit Application No. 2730-2 is
approximately 54° F, which is much cooler than the warm spring water at
Cascade Springs (about 68° F). There is no close hydraulic connection
between the applicant’s site and Cascade Springs.

The Forest Service letter petition states that there are no known
structural features between the area of the well and Cascade Springs that
would be expected to isolate the effects of well pumping from the springs.
However, U.S. Geological Survey maps by Driscoll et al. (2002) and Strobel
et al. (2000) show a long, synclinal fold between the well site and Cascade
Springs, which limits any hydraulic connection across this distance (see
Figure 3). The axis of a synclinal fold normally is an area of compression in

which fractures tend to remain closed, which would limit permeability and




thus limit hydraulic connection between the applicant’s well site and

Cascade Springs.

Evans Plunge is a warm-springs swimming pool (approximately 87°
F) that is fed by springs along the Fall River in Hot Springs (see Figure 3).
The springs at Evans Plunge are more than 15 miles from the area of the
applicant’s site. The source of the springs is believed to be the Madison
aquifer (Carter and others, 2002). According to research by Back et al.
(1983) the calculated age of water at Evans Plunge was 1,900 years before
present. Back et al. (1983) did not calculate an age for the water at Cascade
Springs, because of problems with possible mixing of water from the
Minnelusa or other aquifers, and Cascade Springs is farther south than Evans
Plunge. We can conclude that a very long travel time would be involved for
water that emerges at Cascade Springs, indicating that it is extremely

unlikely that pumping at the applicant’s site would affect the springs.

Conclusions

Groundwater in the Madison aquifer is an under-utilized and almost
undeveloped resource in the vicinity of the requested withdrawal for Water
Permit Application No. 2730-2. The Madison aquifer is generally
understood to be fully saturated at the site. No existing water rights for
Madison aquifer wells appear to be within approximately ten miles of the
applicant’s site. The requested additional diversion of 0.23 cubic feet per
second is not expected to have any adverse effect on other Madison wells, or
the water at Wind Cave, or Cascade Springs, because of the distances (12
miles or more) that are involved. The requested withdrawals from the

Madison aquifer are reasonable for their intended use.
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Figure 1. Saturated thickness of the Madison aquifer in the Black Hills

(from Driscoll et al., 2002).




Figure 2. Potentiometric map of the Madison aquifer (from Strobel et al.,
2000) showing few or no Madison wells near the site of Water Permit
Application 2730-2.
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