
 

 

 

October 7, 2011 

 

Mr. Eric Ebersberger  

Wisconsin Dept. of Natural Resources -  DG/5 

PO Box 7921 

Madison, Wisconsin 53711 

 

Dear Eric: 

 

This letter is pursuant to various communications you have had with citizens in regard to the 

Town of Richfield wells associated with a proposed dairy.  Iôve been asked to address some 

specifics that arose from those communications as to the impacts of existing pumping in the area 

and what additional impacts may accrue from additional pumping.   

 

Eric, you and I have previously discussed that my preference would be to work in partnership on 

groundwater issues such as these whenever possible, rather than in awkward communications 

through intermediaries.  It was the case for many years that scientists at the CWSE, WGNHS, 

other places in the University system, and other state agencies worked pretty seamlessly with 

WDNR to bring high quality groundwater information to bear on important state issues.  This 

working relationship has declined greatly over the last several years, to the detriment of all.  I 

hope we can strive to bring that back. 

 

Specifically, Iôve been asked to address these areas:   

 

1.  The WDNRs preliminary decision that the proposed wells would not have an adverse 

environmental impact based on ña simple groundwater model.ò  

  

2.  Pleasant Lake pumping drawdowns, in more detail than the 1.5 foot average calculated for 

1993-2007 (Kraft et al. 2010). 

 

3.  Existing drawdowns and streamflow diversions in the region of the proposed Richfield wells, 

and whether these constitute an existing harm to water bodies in the area. 

 

4.  Whether the proposed Richfield wells would exacerbate existing harms. 

 

Iôll address these one by one. 

 

1.  WDNRs preliminary decision that the proposed wells would not have an adverse 

environmental impact based on ña simple groundwater model.ò 
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During our meeting of September 1, it became apparent that the ñsimple modelò was a Theis 

equation analysis that assumed 300 days of continuous pumping at a maximum pumping rate of 

1000 gallons per minute. The result of this analysis showed no drawdown at 4,100 feet.   

 

I believe others have responded to you in more depth about the inadequacies of a Theis analysis 

in this case and why it led to a faulty conclusion.  Some of the inadequacies include that a Theis 

analysis is incapable of estimating streamflow diversions (which here is important); it is 

incapable of handling important real-world boundaries to the hydrologic system; and the 300 days 

of simulated pumping were inadequate to evaluate pumping anticipated to continue for decades.   

 

In short, my opinion is that the analysis using of the ñsimple groundwater modelò is flawed, and 

its results should be retracted. 

 

Some are seeing something nefarious in the WDNRs use of an inappropriate modeling tool here.  

Rather, I see signs of just needing more experience and deeper understandings of hydrologic 

practice.  As long as the ask is not too large, we would try to accommodate WDNRs simple 

modeling needs in the central sands (like the present case) using the flow models weôve 

constructed and vetted.  Let me know if we can be of help. 

  

2.  Pleasant Lake pumping drawdowns, in more detail than the 1.5 foot average for 1993-

2007 (Kraft et al. 2010). 
  

The Kraft et al. report calculated pumping drawdowns for 1993-2007 for lakes where sufficient 

data were available, and came up with an average drawdown for the period of 1.5 feet at Pleasant 

Lake.  Pleasant Lake residents believe the year-to-year impact is substantially greater than the 

average, and they logically emphasize that from a surface water perspective, it is more sound to 

look at maximum drawdowns and not at averages.  (It was pointed out to me that it doesnôt matter 

whether I breathe an average 21% oxygen for most of my life, four minutes with zero oxygen 

wouldnôt be good for me.  Itôs a good point.) 

 

At their request, I looked closer at Pleasant Lake water level data and found that indeed some 

years during 1993-2007 had substantially larger estimated pumping drawdowns.  Drawdowns in 

2007 (the latest year in the analysis) were the most severe.  An unbiased estimate pegs 2007 

drawdowns at Pleasant Lake at 3.3 feet.  An extreme interpretation of the data might conclude 

that the 2007 drawdown was only 2.1 feet, but a quite reasonable interpretation could also 

conclude that the 2007 drawdown was 3.8 feet. 

 

3.  Analysis of existing drawdowns and diversions in the region of the proposed Richfield 

wells, and whether these constitute an existing harm to water bodies in the area. 

 

Background  

 

We used groundwater flow model ñCò as described in Kraft et al. (page 48) to compute existing 

drawdowns and diversions in the vicinity of the proposed Richfield well.  A ñsteady-stateò 

simulation was used.  ñSteady-stateò as used here means (more or less) the average condition.   

 

Irrigation pumping was simulated in the model as a 1.9 inch/yr decrease in groundwater recharge 

on irrigated lands.   This reflects not the total amount of irrigation pumping, but rather the 

average annual amount of decreased recharge due to the increased evapotranspiration of an 

irrigated landscape compared to what a native forest or prairie might evapotranspire.  (More 



 

 

background on this and the reasons for simulating irrigation this way are discussed in Kraft et al. 

(2010) and Kraft et al. 201X)).  This amount of water is much less than what is pumped. 

 

Because drawdowns and diversions calculated in this way represent a sort of average condition, 

seasonal and dry period effects are underestimated.   

 

Drawdowns from existing pumping 

 

Modeled average water level drawdowns in the vicinity of the proposed wells are shown in 

Figure 1.  On average, modeled drawdowns are 1-2 feet in the vicinity of Pleasant Lake.  During 

years when irrigation consumption is greater than average, of course, drawdowns would be 

greater than what is illustrated here, as the water level record indicates (see 3, above). 

 

Streamflow Diversions from Existing Pumping and the BRI 

 

A ñBRIò or ñBaseflow Reduction Indexò is used as an indicator of streamflow diversion impacts.  

I believe you and other WDNR staff are somewhat familiar with this concept, as it was discussed 

in legislative hearings you attended.  The BRI approach was championed and perhaps originated 

with Prof. Doug Cherkauer at UW-Milwaukee, and was used in the joint work that involved Prof. 

Ken Bradbury of the WGNHS, Drs. Randy Hunt and Mike Fienen of the USGS, and myself, as 

well as my own individual work (Kraft et al., 2010 and Kraft et al., 201X). 

 

The BRI compares the base-case groundwater discharge in the cell of a model representing a river, 

drain, or stream to the discharge in an altered state as follows: 

 

    BRI  =   (Base case discharge) ï (Altered state discharge) x 100%                       

                 (Base case discharge)  

 

The base case here is no groundwater pumping, and the altered case is a 1.9 in/yr recharge 

reduction on irrigated land.  The BRI can be expressed as a percentage (as shown above), or as a 

fraction; itôs the same thing (i.e., 17% = 0.17).  A 10% BRI has been used as a flag for when 

harm to a stream stretch may be occurring. 

 

Figure 2 shows a cell-by-cell BRI due to existing irrigation pumping for streams in the vicinity of 

the proposed wells.  The yellow cells are somewhat a distraction, and I will ask you to ignore 

them.  (Yellow in the extreme headwater areas indicates streams that are probably usually 

intermittent and where groundwater discharge would not be occurring during ñaverageò years.  

Yellow further downstream indicates areas where the stream areas are not gaining nor losing 

much groundwater flow.) 

 

Figure 2 clearly shows that extensive headwater areas in the vicinity of the proposed Richfield 

wells already exceed the 10% BRI threshold under ñaverageò conditions.  During dry years and 

during summers, irrigation diversion effects would be more severe. 

 

The pattern of pumping diversions is explored further using as an example the tributary of the 

Little Roche a Cri nearest and to the northwest of the proposed wells (Table 1).  Groundwater 

discharge under a nonpumping condition and under an irrigated pumping condition is examined 

in 200 m long increments.  Note that in the first two increments, the BRI is 1.0, indicating that the 

baseflow reduction is total, i.e., no groundwater is flowing into the stream and the stream stretch 

is dry.  The BRI still exceeds the 10% threshold over a mile and a half downstream of the 

headwaters. 



 

 

 

Instead of looking at individual stream segments, we can also look at the effects of existing 

irrigation pumping on cumulative streamflow using cumulative flow BRI s (Table 2).  Again, 

note by looking at the ñIrrigation Cumulative  BRIò that the first 400 m of the stream is dry, and 

at 1000 m 42% of the cumulative baseflow has been diverted.  Even at 2800 m, 22% of baseflow 

has been diverted. 

 

Word of caution 

 

The groundwater drawdowns and diversions calculated here are for an average condition, and 

would be expected to be greater during dry years and dry seasons. 

 

5.  Will the proposed Richfield wells exacerbate existing diversions and drawdowns? 

 

Background 

 

The short answer is, yes.  Groundwater pumping cannot be increased without increasing 

diversions and drawdowns. 

 

We quantitatively analyzed the effects of the proposed pumping using the same model described 

under 4.  We ñretiredò pumping on 241 acres of land in the vicinity of the proposed wells, as we 

are under the impression that two 160 acre fields, each comprising about 120 acres of irrigated 

land, will no longer be irrigated.  This ñretirementò was done by increasing the recharge rate on 

the irrigated fields by 1.9 inches.  We then simulated pumping by ñinstallingò two wells at the 

designated locations in the sandstone aquifer and pumping them in the model at a combined rate 

of 52.5 million gallons per year. 

 

Increased Drawdowns 

 

The increased water table drawdown in the vicinity of the proposed wells is shown in Figure 3.  

Near Pleasant Lake, the additional drawdown at steady-state is about 2 inches, or 11% over the 

current estimated average. 

 

Increased Streamflow Diversions 

 

The effects of new groundwater withdrawals from the aquifer have to be offset by equal amounts 

of groundwater discharge to streams.  Groundwater flow modeling indicates that about half the 

proposed pumping would be diverted from the Little Roche a Cri system, 14% from Tagatz Creek, 

11% from Chafee Creek, with the remaining 25% or so spread out among many other streams. 

  

Figure 4 shows the increase in BRI that would be caused by the proposed Richfield wells.  Note 

that the BRI of some stream reaches goes up substantially, in places adding more than 5% BRI to 

the existing condition.  Note that the BRI increase is still calculated relative to the nonpumping 

condition.  (It would be greater if it were calculated against the streamflow that remains after 

existing pumping is accounted for.) 

 

 Conclusion 

 

The analyses described here indicate substantial water table drawdown and streamflow diversions 

already exist in the vicinity of the proposed Richfield wells.  Within the context of how WDNR 

sets allowable amounts of surface water withdrawals from lakes and streams, these groundwater 



 

 

pumping drawdowns and diversions seem in excess of what constitutes a ñharm.ò  The proposed 

Richfield wells will exacerbate the drawdowns and diversions. 

 

Eric, please let me know if you have questions about these analyses.  Please also let me know if 

we can be of assistance in evaluating pumping impacts in the central sands. 

 

Sincerely, 

 

   / s / 

 

George J. Kraft, PH  

 

 

 

cc.   Ken Bradbury ï WGNHS 

Pleasant Lake Management District, P.O. 230, Coloma WI  54930 



 

 

 
Figure 1.   Water table drawdown from existing pumping in the vicinity of the proposed 
Richfield wells.  Drawdowns shown are average conditions; greater drawdowns would be 
expected during dry seasons and dry years. 



 

 

 
Figure 2.  Baseflow reduction index (BRI) for existing pumping in the vicinity of the 
proposed Richfield wells.  BRIs are for the average condition and not what would be 
produced during dry seasons and dry years. 



 

 

 
Figure 3.  Water table drawdown increase from proposed Richfield wells at steady-state. 



 

 

 
Figure 4.  Increase in BRI due to proposed Richfield wells. 


