
LITTLE PLOVER RIVER 2011-2013 UPDATE 

Summary 

Little Plover baseflows returned to a less-than public rights flow (PRF) regime in August 2012 

that continued beyond December 2013. The return marked the end of almost two years of "healthy 

flows" (greater than PRF) brought about by large amounts of precipitation in 20 I 0 and 2011. Baseflow 

discharges were less than the public rights flow at Hoover Rd. 49% of the time in 2012, 69% of the time 

during 2013, and 70% of the entire 2005 through 2013 period of recent observations. 

High capacity well pumping was substantial in 2011-2012. Municipal pumping, industrial 

pumping, and the pumping of 69 irrigation wells located within two miles of the Little Plover totaled 2.9 

and 4.1 billion gallons in 2011 and 2012. Summer 2012 pumping was particularly notable, 32. 7 Mgd 

(50.6 cfs), or the equivalent of five Little Plover Rivers at average flows before pumping began 

excessively affecting the river (Hoover Rd. gauge). Irrigation pumping within two miles of the Little 

Plover was 1.39 and 2.58 billion gallons in 2011 and 2012, respectively. Village of Plover pumping was 

1.26 Mgd in 201 I, consistent with the previous 6 years, but increased to 1.49 Mgd in 2012. Plover 

pumping from well 3, its well with the least impact on the Little Plover, declined to 56% of total Village 

pumpage from the stated goal of 80%. Del Monte pumping remained a relatively constant 203 million 

gallons per year, and Whiting wellfield pumping decreased from about 4.2 Mgd to 1.9 Mgd due to closure 

of New Page paper mill. Diversions from municipal and industrial pumping were 1.51 and 1.37 cfs in 

2011and2012. Total diversions, including irrigation, were previously estimated at about 4.5 cfs on 

average. 

Five diversion reduction measures have been implemented or proposed over .the past 9 years. A 

reassessment of those measures indicates diversion reductions were smaller than anticipated, mainly due 

to (1) increased total Plover pumping and increased reliance on well 3, and (2) smaller than anticipated 

decreases in Whiting wellfield pumping. Current and proposed diversion reduction measures might 

reduce the PRF failure rate from a 2005-2007 baseline of 77% of the time to 72-74% of the time, 

assuming average diversions of 4.5 cfs. 

Introduction 

The Little Plover River (Figure 7-1) is among the more prominent of pumping-affected central 

sands streams and one of the few with a lengthy continuous discharge record. Formerly renown as a 

productive trout stream (Hunt 1988) that flowed robustly even during the severest droughts (Clancy et al. 

2009), the Little Plover dried in stretches during 2005-9 when precipitation was about average to only 

modestly low, and has flowed below the public rights levels 70% of the time during 2005-13. Here we 

briefly update the more detailed work of Clancy et al. (2009) and Kraft et al. (2012). 
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Figure Error! No text of specified style in document.-1. L ittle P lover River, its sur roundings, and high 
capacity wells in its vicinity. 

Table Error! No text of specified style in document.-1. Little Plover discharge statistics for the historical record. 

Statistic Kennedy ( 1959-1976) Hoover ( 1959-1987) 
Total (cfs) Baseflow( cfs) Total(cfs) Baseflow(cfs) - Minimum 0.88 0.88 3.9 3.9 

QlO 1.8 1.8 6.6 6.4 
Q50 3.4 3.2 9.5 9.0 
Q90 6.8 5.8 16.0 14. l 

Maximum 50.0 17.0 81.0 33.0 
Average 4.0 3.6 10.7 9.9 

Public Rights Discharge 1.9 cfs 6.8 cfs 

% Days < Public Rights Discharge 10% 11% 



Historic discharges . 

The historic~record for Little Plover discharges (Table 7-1) affords a basis for comparison to 

current conditions. The record comprises daily measurements during 1959-1987 at the "Little Plover at 

Plover" station (USGS # 05400650, also known as "Hoover Rd.") and during 1959-1976 at the "Little 

Plover near Arnott" station (USGS #05400600, also known "Kennedy Ave."). Baseflows at Hoover and 

Kennedy during the historic period averaged 9.9 and 3.6 cfs. Historic one-day baseflow minima were 3.9 

and 0.88 cfs, measured at a time when the Little Plover was already pumping affected. 

2011-2013 Baseflow Discharges 

Baseflows in 2011 through mid-2012 continued the period of"healthy" flows (discharges 

exceeding the PRF) that began in mid-2010 (Figures 7-2 and 7-3). These healthy flows were the result of 

extraordinary precipitation in during 2010 and 2011. 

Summer 2012 brought an end to the healthy flow period, when dry weather triggered a likely 

unparalleled amount of irrigation pumping in the Little Plover vicinity (see next section). Baseflows 

during this time declined 7.8 cfs over 75 days (Figure 7-3), from a robust 12 cfs to near the historic one 

day low flow. The magnitude of this flow decline is unprecedented in the historic record. Baseflows 

rebounded briefly in spring 2013 above public rights levels, but again declined steeply during the 

irrigation season, by 5.8 cfs over 109 days. Baseflows remained less than the PRFfrom July 2013 through 

the end of the reporting period (December 31, 2013 ). 

Public Rights Flow Failure Rate 

Baseflows failed to reach the PRF 49% of the time in 2012 and 69% in 2013. For the May 2005 

through December 2013 the failure rate was 70% (Figures 7-2 and 7-3). 

-;. 
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Figure Error! No text of specified st yle in document.-2. Baseflow discharges for the little Plover River at Hoover, 
Eisenhower and Kennedy, 2005-2013. 
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Figure Error! No t ext of specified style in document .-3. Detailed little Plover baseflows for January 2012 through 
December 2013. 



Pumping in the Little Plover River vicinity 
I 

Pumping in the Little Plover vicinity occurs mainly in four sectors: Village of Plover (municipal), 

Del Monte (industrial), Whiting (municipal and industrial), and agricultural (irrigation) (Figure 7-4) 

(Clancy et al. 2009). ~umping from these (counting only irrigation pumping within 2 miles) totaled 

totaled 2.9 billion gallons in 2011 and 4.1 billion gallons in 2012 (WDNR 2013). Pumping is greatest 

during summers, chiefly due to irrigation. Summer 2012 pumping amounted to 32.7 Mgd (50.6 cfs), or 

the average flow of more than five Little Plover Rivers at Hoover Rd. during pre-pumping impact times. 

Other pumping, such a5 rural residential or urban lawn watering from small wells, has been dismissed as 

insignificant because it is either nonconsumptive (rural domestic water discharging to onsite wastewater 

disposal systems), too far removed from the Little Plover to be important, or small compared to the major 

pumping sectors. 
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Figure Error! No text of specified style in docurnent.-4. Municipal and industrial high capacity wells in the vicinity of 
the Little Plover, and Del Monte wastewater disposal fields for process and cooling water. 



Plover pumping 
I 

Village of Plover pumping averaged 1.26 Mgd in 2011, about the same as in recent years, but 

increased to 1.49 Mgd in 2012 (Figure 7-5). Pumping is from three wells, numbers 1 and 2 which divert 

about 75% of their pumpage from the Little Plover, and number 3 that diverts 30% of its water 
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Figure Error! No text of specified style in docurnent.-5. Village of Plover total and well-by-well 
pumping through 2012. 
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Figure Error! No text of specified style in document.-6. Percentage of Plover pumping from w ell 3. The 80% pumping 
level is indicated. 



from the Little Plover (Clancy et al. 2009). Plover extracted 56% of its water from the well 3 and 44% 
l 

from wells 1 and 2 during 2011-2012 (Figure 7-6). The well 3 fraction was substantially less than the 

previously articulated goal of 80%. As previous calculations of streamflow diversion reductions were 

predicated on the 80% pumping from well 3 and no increase in Village pumping, previous diversion 

reduction estimates for Plover (Kraft et al. 2012b) need to be revised. 

Del Monte pumping and wastewater disposal 

Del Monte pumping averages 203 million gallons annually that occurs in June through December. 

Three-fourths of pumped water is reportedly discharged to nearby spray fields ~at recharge groundwater, 

reducing Del Monte' s potential pumping diversions from the Little Plover. In 2010, Del Monte moved 

some of its wastewater discharge closer to the Little Plover, which further reduced its pumping impacts. 

Whiting we/ljie/d 

Municipal I industrial pumping from the large Whiting wellfield supplied the Village of Whiting 

and two paper mills, Neenah Papers (formerly Kimberly Clark) and New Page (formerly Consolidated 

papers). Pumpage from this wellfield was 2.2 Mgd (3.4 cfs) in 2011 and 1.9 Mgd (2.9 cfs) for 2012. 

These mark a large decline from the 4.2 Mgd (6.5 cfs) that prevailed for the previous 10 year period 

(Figure 7-7), due to the closure of the New Page paper mill. However, 2012 pumping rate is about double 

the anticipated 0.78 Mgd (Kraft et al. 2012a), so previous estimates of diversion reductions from New 

Page closure need to be revised downward. 
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Figure Error I No text of specified style in document.-7. Pumping from the Whiting wellfield 
through December 2012. 
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Irrigation pumping , 

Irrigation pu~ping extends over a broad area with an impact that diminishes slowly with distance 

from the Little Plover and in amounts that vary by crop and year. Some 69 high capacity irrigation wells 

are located within two miles of the Little Plover (Figure 7-1), and these wells pumped 1.39 and 2.58 

billion gallons in 20i'1 and 2012, respectively. Numerous high capacity irrigation wells lie beyond two 

miles of the Little Plover, and these cause an estima~ed 18% of the Little Plover irrigation diversion 

(Clancy et al. 2009). 

Diversions by Municipal and Industrial Pumping 

Because municipal and industrial pumping (and in the case of Del Monte, wastewater discharge) 

histories are well known, their diversions from the Little Plover are directly amenable to calculation using 

numerical models. These diversions were calculated using "Model 4" (Technical Memorandum #16, 

Clancy et al. 2009) in transient mode with monthly stress periods beginning in 1965 and ending through 

2017. For the post-2012 period, 2012 pump rates and wastewater disposal conditions were used. For Del 

Monte, average pumpage and wastewater disposal (Roger Jacob email 3/3/2011) was used in the model; 

203 million gallons distributed as 10, 48, 57, 51, 18, 12, and 7 million gallons for the months June 

through December. The 79% of the Del Monte pumpage returned via spray fields as process or cooling 

waste water was modeled as an addition to the base recharge and the monthly rate was calculated 

proportional to the monthly pumpage.1 

Calculated municipal and industrial diversions at Hoover Rd. for 1965-2013 are shown in Figure 

6-7, along with important pumping events, such as the start and stop of pumping for individual members 

of the pumping sector. Total diversions were minor through 1984, about 0.12 cfs, when only the Del 

Monte facility and Whiting municipal well were extracting groundwater. As groundwater extraction 

in_creased to service other purposes (paper manufacturing by New Page I Consolidated and Kimberly 

Clark I Nekoosa, Village of Plover), diversions steadily increased to about 2.2 cfs by the late 1990s. 

Since then, municipal and industrial diversions have experienced a decline. 

1 The current spray field areas (Figure 7-2) were simulated from 2010 forward. Del Monte estimated return flows of 
I 0 million gallons cooling water to the northeast basin, 49.6 million gallons cooling water to the plant lawn fields, 
37.2 million gallons waste water to the 113 acre spray field north of the plant, 5.6 million gallons wastewater to the 
17 acre spray field immediately southeast of the plant, 41.2 million gallons waste water to the 125 acre spray field 
immediately south of CTH B, and 16.2 million gallm:is waste water to the 49 acre spray field farthest to the south. 
Prior to 2011 , all cooling water was returned to the plant lawn fields. The waste water return areas have also 
changed over time and modeled accordingly. Originally, all waste water was returned to the 17 and 125 acre fields 
south of the plant; the 49 acre southernmost field added later, and the northern 113 acre field brought fully online in 
2011. 



Total municipal/industrial diversions were 1.51 and 1.37 cfs in 2011 and 2012, a modest decrease 
{ 

from the 2005-7 baseline of 1.77 cfs (Table 7-2). Diversions (2011/2012) by pumping entity were Plover 

- 0.83/0.94 cfs, Whiting- 0.61/0.36 cfs, and Del Monte - 0.07/0.07 cfs. If2012 pumping patterns persist 

into the future (i.e., no increase in pumping rates or how pumping is apportioned among wells), 20 I 7 
I 

diversions (near steady-state) would increase slightly for Plover to 0.98 cfs, decrease for Whiting to 0.22 

cfs, and remain about the same for Del Mop.te. Total diversions from the municipal and industrial sector 

would be 1.27 cfs, a decline of 0.5 cfs compared to the 2005-2007-baseline, due mainly to the New page 

closure. 
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f igure Error! No text of specified st yle in document.-8. Municipal and industr ial groundwater pumping diversions from the 
Little Plover River. 

Table error! No text or specIIlect style m ctocument.-:l. Average annual mumc1pa1 and mdustnal C11vers10ns tor 
the 2005-2007 reference period, 2011, 2012, and projected for 2017. 2017 projections assume 2012 pumping 
patterns hold constant. 

__ _. _____ Municipal I Industrial Diversion (cfs) ---------
-Year --

Sector 2005-2007 2011 2012 2017* 

Plover 0.98 0.83 0.94 0.98 
Wbjting 0.67 0.61 0.36 0.22 

Del Monte 0.12 0.07 0.07 0.07 

Total 1.77 1.51 1.37 l.27 

* Projection assumes 2012 pumping conditions prevail into the future. 



Reassessing Potential Diversion Reduction Measures 
I 

Over the 9 years or so that the Little Plover Workgroup has been meeting, five measures with 

some potential to reduce pumping diversions (estimated to be 4.5 cfs, Kraft et al. 20 l 2a) have been 

proposed. Three of the measures have been implemented or partially implemented, and two may be 
I 

implemented in the future. (The five do not include several measures whose potential to reduce pumping 

diversions was tenuous or could not be demonstrated; e.g., a road culvert was removed, a slope regraded, 

a crop rotation was altered). 

Some sort of yardstick is needed to judge the efficacy of proposed diversion reduction measures 

in achieving the goal of restoring "healthy flows" (the equivalent of flows to equal or exceed the PRF) to 

the Little Plover. This efficacy was previously judged as the decrease in long-term failure rates of 

baseflows to achieve the PRF (Kraft et al. 20 l 2a) relative to a reference failure rate calculated for 2005-

2007 diversions. Long-term failure rates were calculated for two sets of assumptions; that (1) total 

diversions average 4.5 cfs, implying a net irrigation consumption of 5.6 inches and (2) net irrigation 

consumption is only 2 inches, implying total diversions average 2.8 cfs. The failure rate for 2005-2007 

diversions (prior to implementation of any diversion reduction measures) was estimated at 77% ( 4.5 cfs 

diversion assumption) and at 57% (2.8 cfs diversion diversion assumption), compared with a failure rate 

without diversions of 6.1 %. 

We previously estimated that eventual (perhaps in decades) full implementation of the five 

measures as proposed would reduce Little Plover diversions by 1.1 cfs ( 4.5 cfs diversion assumption) or 

by 0.95 cfs (2.8 cfs diversion assumption), thus decreasing the PRF failure rate from the reference 77% to 

66% or from the reference 57% to 35%. Since measures I and 3 thusfar are not being implemented as 

proposed, a reassessment of diversion and failure rate reductions is performed here. 

Pumping Diversion Reduction Measures - as Proposed and as Implemented 

The five diversion reduction measures (Table 7-3), as proposed and as thusfar implemented, are: 

I . Plover pumpage. Proposed: Move 80% of Plover pumpage to well 3 while keeping total pumpage 

constant. Well 3 diverts only 30% of its pumpage from the Little Plover compared with 75% from wells 

I and 2. The potential diversion reduction equals 0.29 cfs. As implemented: Only 56% of Plover 

pumpage was coming from well 3 in 20 11 and 20 12 and total Plover pumping has increased. 

Characterizing Plover diversions by 2011 and 2017 values (Table 7-2) leads to a revised Plover diversion 

red uction of 0 to 0.15 cfs. 

2. Del Monte. Proposed: Moving Del Monte wastewater disposal closer to the Little Plover. Estimated 

Del Monte diversion reduction is 0.04 cfs . As implemented: Same as proposed. 



3. New Page closure. Proposed: The unfortunate closure of the New Page paper mill was estimated to 

reduce total Whitingwellfield pumping from 4 .1 Mgd to 0.78 Mgd and diversions by 0.51 cfs. As 

implemented: Pumping was reduced to only 1.9 Mgd. Characterizing Whiting diversion reductions by 

2017 near steady-state values decreases the diversion reduction estimate to 0.45 cfs. 

4. Plover/Portage County park Acquisition. Proposed, to be implemented in 2015(?): The acquisition 

of 140 acres south of the Little Plover between Kennedy and Eisenhower Avenues would result in 

retirement of 100 acres of irrigated land and an estimated diversion reduction of 0.08 cfs. 

5. Plover urban area expansion. Proposed, to be implemented 2020-2030 (?): Develop 620 acres of 
' irrigated land (1137 acres total acres) for residential, commercial, and industrial use in the Little Plover 

vicinity. (This acreage includes some of that in (4), above). Estimated potential diversion reduction 

beyond (4), 0.22 cfs. 

Reassessing Lit/le Plover Diversion and PRF Failure Rates 

Here we perfonn a reassessment of potential diversion reductions and PRFfailure rates based on 

2011-2012 implementation of measures 1, 2, and 3, and assumed full future implementation of measures 

4 and 5 (Table 7-3). 

PRF failure rate estimation is described in more detail in Kraft et al. (2012b) and summarized 

briefly here. That work first assumed that past Little Plover discharges are indicators of the future, and 

constructed as a predictor of long-term baseflow conditions a Little Plover hydrograph·without pumping 

diversions for 1960-2009. That hydrograph used the actual Little Plover discharge record for the period 

when the Little Plover was not overly pumping affected, and otherwise statistical inferences from 

reference stream discharges. PRF failure rates in the absence of pumping for the 196.0-2009 hydro graph 

were then calculated as the fraction of days less than the public rights flow, 6.1 %. PRF failure rates with 

2Q05-2007 under assumptions of 4.5 cfs and 2.8 cfs diversions were then estimated by subtracting the 

diversion amount from the nonpumping hydrograph and retallying days less than the public rights flow, 

revealing PRFfailure rate estimates of 77% and 57%. Finally, diversion reductions due to measures as 

proposed were added back into the diversion hydrograph, leading to a PRF failure rate estimate with 

measures of 66% and and 35%. N?te that measures may not be implemented for decades. 

Updated diversion reduction estimates for the measures as implemented are shown in Table 7-3. 

In summary, the re-analysis shows diversion reductions are smaller than in previous estimates, and PRF 

failure rates increase. PRF failure rates were 67-70% ( 4.5 cfs assumption) and 40-44% (2.8 cfs diversion 

ass um pt ion). 
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Table Error! No text of specified style in document.-3. An update or baseflow reduction measures as currently 
implemented, estimaJed diversion reductions, and estimated failure rate to attain public rights discharges. 

Original Diversion 
Reduction Measure 

Measure Implementation Update Updated diversion reduction estimate 

Plover pumpage. 
Total pumping 
remains constant, 
80% from well 3 

Del Monte 
wastewater 
management 

New Page closure 

Plover I Portage 
County Land 
Acquisition 

Plover urban area 
expansion 

4.5 cfs assumption 

----------- Measures Partially or Fully Implemented -----------

Plover pumping potentially is increasing 
( 1.26 Mgd in 2011, 1.49 Mgd in 2012); only 
56% of pumpage is from well 3. 

No change. 

Pumping in Whiting well field declined from 
4.2 Mgd to 1.9 Mgd instead ofto anticipated 
0.78 Mgd. 

SUBTOTAL : 

0-0.lScfs 

0.04 

0.45 

0.49 - 0.64 cfs 

----------- Measures Proposed and Not Yet Implemented -----------

Acquisition of 140 acres south of the Little 
Plover between Kennedy and Eisenhower 
A venues. Retires I 00 acres of irrigated land. 

Repurpose 620 acres of irrigated land (113 7 
acres coral acres) for residential, commercial, 
and industrial use in the Little Plover vicinity. 
Includes previously described 140 acre 
acquisition of 140 total acres/ 100 irrigated 
acres previously described. An additional 
0.22 cfs diversion reduction (4.9% of the 4.5 
cfs total diversion) could accrue. 

SUBTOTAL: 

UPDATED TOTAL DIVERSION REDUCTION: 

UPDATED PRF FAILURE RATE: 

0.08 cfs 

0.22 

0.30 cfs 

0.79- 0.94 cfs 

67-70% 

2.8 cfs assumption 

0-0.15 cfs 

0.04 

0.45 

0.49 - 0.64 cfs 

0.03 

0.08 

0.1 1 

0.60 - 0.75 cfs 

40-44% 


