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river) discharges less water than that entering the cell. In such a case, the model has no way to

determine whether a particle entering one face of such a cell should discharge to the sink or pass

through another cell face. Another possible limitation is a two-dimensional simulation of a three

dimensional problem. Two-dimensional flow models can introduce particle tracking errors even though

the flow model appears to adequately describe the head distribution (Barlow, 1994). Vertical

averaging in 2-dimensional models cannot describe some features that can significantly impact particle

flowpaths, such as discrete vertical zones of low hydraulic conductivity, large horizontal to vertical

hydraulic conductivity ratios, partially penetrating wells, shallow streams (weak sinks), and low pump

rates.

Most of the potential limitations listed above are not problematical for the current application.

As noted in Chapter 3, the MODFLOW flow model appears to adequately represent the SWP area.

Model confidence will increase as additional parameter and verification data become available. While

cell size remains a tradeoff between minimizing cell size and computational logistics, a concerted

effort was made to minimize cell size for well and important river cells. The choice of a 2

dimensional model is generally adequate for the outwash aquifer, and unrepresented vertical

heterogeneity and anisotropy should not be a significant problem.

Weak sink conditions do pose a problem for particle tracking relative to Plover River cells in

the vicinity of the Stevens Point main, and to a lesser degree, the Whiting wellfield. In the real world,

the river was fully penetrating before the wellfields were developed; the river captured all.

groundwater flow from the east and west. With wellfield development, the river ceased to be fully

penetrating in the vicinity of the wellfields. In the model, when the simulated wellfields are activated,

cells representing the river are no longer fully discharging to the river. Some water passes through the

river cells and to the wells, and some discharges to the river. MODPATH allows the user to specify

whether particles in this situation should stop at a weak sink, pass through the cell, or pass through

only if a specified fraction of water passes through. For this study, the model was constructed so that

particles pass through the weak sink cells. This then delineates a potential zone-of-con~bution; water

recharged in the area delineated by these particle traces may discharge either to the wellfield or to the

Plover River. Impacts on Stevens Point main and Whiting wellfields are discussed later in this

chapter. A more exact description of the Plover River flow dynamics could be made using a localized

3-dimensional flow model with smaller grid size.

The particle tracking model introduces one more parameter to the problem, that is, aquifer

porosity. Error in the use of a uniform porosity of 0.32 would be manifested in errors in times-of-
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travel. To illustrate, consider the 10 year time-of-travel. If the porosity value is 20% low, the line

delineating the 10 year time-of-travel would actually be the 8.3 year time-of-travel; if the value is 20%

high, it would be the 12.5 year time-of-travel. The consequences of a nonuniform spatial distribution

of porosity might have similar types of consequences. In addition, it might make the time-of-travel

lines appear somewhat more ragged, but would not likely change delineations substantially.

Particles

The model can track a particle forward or backward in time and space. For wellhead

protection, the particles are typically started at the well and tracked backward to their source. The

location of the particles at specific times allows delineation of recharge subareas for management

based on a time-of-travel criteria.

For the SWP model, 30 particle starting locations were equally spaced on a circle with a

radius of 300 feet around each well (Figure 4.1). An adjustment was made for time-of-travel between

the offset and the well. The adjustment required an estimation of average groundwater velocity in the

300 foot zone, which was calculated from hydraulic gradients between the pumping well cells and

adjacent cells and local hydraulic conductivities. The mean average velocity for all the wells in the

municipal wellfields was 7.2 ft/day for the 300 foot offset. Therefore, the particle starting locations

represent an average time-of travel off-set of about 42 days. These calculations rely on a number of

assumptions, however, even gross errors make little difference to the delineated times-of-travel. Even

an error of 100% in time-of-travel offset creates only a 10% error at the 1 year time-of-travel.

As noted in the previous section, the mixed flow patterns in the Plover River area adjacent to

the Stevens Point main wellfield complicated particle tracking analysis. Barlow (1994) noted that

forward tracked particles are often a better choice for delineating zones-of-contribution in complex

flow systems. To better define the potential contributing area, particles were also started at various

locations in the potential northeast zone-of-eontribution for forward tracking analysis.

ZONE-Of-CONTRIBUTION MAPPING

MODPATH Zoues-of-ContributioD

Using the flowpaths delineated by MODPATH, the recharge zones and times-of-travel were

mapped for the municipal wellfields using year 2005 average daily pump rates (Figure 4.2). The areas

included within the plotted flowpaths represent the total zone-of-contribution, but the density of



4-4

(i)
(:j::""i...~_.....

Figure 4.1 Starting locations for particles used to delineate zones-of-contribution.
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Zones-of-contribution and times-of-travel for the Stevens Point, Whiting, and
Plover municipal weIIfields using MODPATII.
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flowpath lines is not a quantitative description of the contribution of a specific area to th~ total well

pumpage. The flowpaths only represent a particle and are not representative of a known or consistent

volume of water. For example, the "darker" areas where many flowpaths are close together do not

necessarily contribute more water to the wells. Also, the upper limits along the eastern groundwater

divide are truncated slightly to provide a reasonable boundary. Because of the north to south gradient

along the eastern groundwater divide, all the flowpaths converge and track indefinitely upgradient

within the SWP area.

Table 4.1 summarizes total zone-Qf-contribution sizes and net water budgets. The calculated

recharge volumes for the delineated areas balance reasonably well with pump and river flow rates.

The indefinite delineation and truncation of the easternmost extent of the zones-Qf-contribution may

contribute to discrepancies. Water budgets for Stevens Point main and Whiting are also complicated

by the complex interactions with the Plover River as discussed above for weak sink situations. The net

water budget for Stevens Point main is somewhat misleading. Although the Plover River has a net

gain of approximately 2 cfs, the flow model actually calculates a total gain of 6.3 cfs along with a

total loss of 4.3 cfs for the wellfield reach. Given the flow system, it is reasonable to assume that the

4.3 cfs lost from the Plover is induced recharge to the wells. This has significant implications for the

loading calculations presented in Chapter 6, where a source partitioning of water pumped at the

wellfield is presented. In the vicinity of Whiting, the Plover River has a net loss of 1.5 cfs. The

Whiting wellfield captures some of this flux as induced recharge, although the exact fate of this flow is

unknown. Implications for loading calculations are also noted in Chapter 6.

Table 4.1. Size and water budget for municipal wellfield zones-Qf-contribution.

St Pt Main
278,368,650

6,390
9.99
8.23
6.05
2.42 (Lost Cr)

8.47

St Pt #5
23,146,882

531
0.83
9.37
0.57
o
0.57

Whitin~

256,072,552
5,879

9.19
9.21
6.23
1.5?? (McDill)

6.23 (7.73??)

Plover
94,410,838

2,167
3.39
9.24
2.31
o
2.31

Area: sq feet
acres
sq miles

Avg Recharge Rate (in/year)
Tot Recharge Volume (cfs)
River Source (cfs)
Total In (cfs)

Pumpage (cfs)
River Sink (cfs)
Total Out (cfs)

2.70
o
2.70

7.69
o
7.69

0.44
o
0.44

6.72
1.96
8.68
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The recharge area for the Stevens Point ~in wellfield can be separated intQ distinct areas,

one west of the Plover River, which generally trepds northwest of the wellfield, and one ~t of the

Plover River, trending to the northeast (Figure 4.2). Much of the west recharge area has high bedrock

and contains low permeability aquifer materials, and this is reflected in closely spaced time of travel

lines which indicate slower groundwater, movement in this area. Travel times are less certain in the

shallow bedrock area due to a lack of geologic data and uncertainty regarding ~ydraulic conductivity

and recharge rates. However, the time of travel delineations are sufficiendyaccurate for wellhead

protection management decisions. In the northern porti0!1 of the west recharge area, the effect of

thicker olitwash materials associated with the buried bedrock valley is evident in the bending and

greater spacing of the time of travel lines. The western recharge area extends to the groundwater

divide with the Hay Meadow Creek basin.

In the eastern zone-of-contribution of the Stevens Point main wellfield, the complexity of

groundwater flow patterns relative to Plover River weak sinks is apparent. As previously noted, the

east zone-of-contribution must be considered a maximum potential delineation because of the unknown

fate of individual flowpaths at river cells. Lost Creek further complicates the delineation because it is

a variably gaining/losing stream. Ultimate management of pump rates also complicate the delineation.

From a wellhead protection perspective, these unknowns would not obviate the need for contaminant

management. The maximum extent of the eastern zone-of-contribu~ontrails off to the northeast along

the groundwater divide with the TomorrowlWaupaca River basin.

TQe Stevens Point #5 well zone-of-contribution is a narrow finger extending to the east and

northeast. The model indicates drawdown is insufficient to cause an interaction with the Plover River

to the west. The precise location of this narrow zone-of-contribution is more susceptible to model

uncertainties than the other zones-of-contribution. A slight change in the water table configuration

could si~ficandy shift the location of the zon,e-of-contribution at greater distances from the well.

The Whiting wellfield has a large zon,e-of-contribution extending to the east and northeast to

the groundwater divide. Particle ~acking also indicates that flowpaths extend from the wellfield west

to McDill Pond, creating the weak situation previously no~. A qualitative assessment of the particle

traces suggests some induced recharge from the Plover River, but very little underflqw from the west.

Given the uncertainties and the very srn,all potential amounts of underflow, no zone-of-contribution was

included for Whiting west of McDill Pond.
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The Plover zone-of-contribution is shaped similar to the others, with upper limits trailing

upgradient to the north along the groundwater divide. There is no direct interaction with the Little

Plover River.

Zones-of-contribution for the year 2005 maximum daily pump rates are also mapped on

Figure 4.2. These exhibit varying sensitivity to the pump rate. For example, the Plover boundary

expands disproportionately to the north. The northern boundary of the Stevens Point main wellfield

changes very little, probably related to the efficiency of the #10 collector well to induce recharge from

the Plover River. Wellhead protection managers. need to anticipate long term water needs and manage

the corresponding recharge zones.

Comparisons wjth Previous Delineations

Zones-of-contribution and times-of-travel for the municipal wells were previously delineated

individually by a variety of methods. While the basic representation of the flow system should be

consistent in all cases, boundary and time-of-travel details will necessarily vary because of the

delineation method used, differences in pump rates, and available hydrogeologic data.

The Plover zone-of-contribution was previously delineated by Becker-Hoppe (1990) using

hydrogeologic mapping. This method is analogous to the MODPATH method presented in this report,

except that flowpaths were drawn subjectively based on water table maps rather than being calculated

mathematically. A comparison of the two delineations (Figure 4.3) shows that they have similar

shapes, but the previously mapped zone-of-contribution is larger, dips substantially towards the south,

and misSes an area to the northeast. These differences probably reflect the subjective interpretation of

flowpaths. The hydrogeologic mapped area is also not directly based on any specific pump rate as the

MODPATH delineation was.

Plover times-of-travel were also previously drawn by Becker-Hoppe (1990) using Darcy's

Law, which relates groundwater velocity to the hydraulic conductivity, groundwater gradient, and

effective porosity of the aquifer material. From the velocity, travel distance was computed for chosen

elapsed times, and used to draw arcs of uniform distance from a well. The MODPATH 5 and 10 year

time-of-travellimits extend further upgradient than the average velocity based distances. The

MODPATH times-of-travel should be more accurate as they incorporate the effects of the spatial

distribution of hydrogeologic parameters and cell-by-cell flow rates, and reflect the travel time of

individual particles traversing different portions of the zone-of-contribution.
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Figure 4.3 Comparison of zone-of-contribution delineations for the Plover municipal wellfield.



4-10

The Village of Whiting's zone-of-contribution was previously delineated by Born et aI. (1988),

also using hydrogeologic mapping. Only wells 1-4 existed at that time. The shape is similar to that

delineated in this study, but the size is much larger (Figure 4.4). The large size is apparently a

conservative interpretation of f1owpaths. Born et aI. (1988) also performed a zone-of-contribution

delineation based, on the minimum recharge area needed to supply 4.25 cfs for wellfield pumpage with

a uniform 8 inches of recharge per year. This zone-of-contribution delineation is smaller and more

similar to the MODPATH delineation which uses a pumpage of 7.69 cfs.

Whiting times-of-travel· were also previously determined using the calculated average linear

velocity method described for Plover. The 1, 5, and 10 year time-of-travellines are generally similar

to MODPATH determinations (Figure 4.4). The 20 year time-of-travel using the average velocity

calculation was considerably further upgradient, suggesting limits to the application of averaged values

away from the well.

A previous recharge delineation for Stevens Point wells 5-9 was done by Brown et al. (1992),

and for well #10 by RUST (1994), using the FLOWPATH combined flow and particle tracking model.

Substantial differences exist between the two models, due to different inputs (Figure 4.5). The

FLOWPATH model pump rates for wells 5-9 were approximately equal to the year 2005 maximum

daily rate, while the #10 well pump rate of lIcfs was nearly twice that rate. The FLOWPATH model

produces a pronounced difference in the orientation of the flowpaths to the southeast before swinging

to the northeast compared to the MODPATH easterly orientation. Available regional water table

mapping does not support the southeasterly flows, which could be an anomaly caused by input data or

modeled heads not adequately representative of the regional flow system. Because simulated pumping

for well #10 was at a much higher rate for FLOWPATH, the recharge delineation in that area is not

comparable.

The times-of-travel delineations are also considerably different for the two Stevens Point

models. The FLOWPATH simulation consistently locates the 5 and 10 year times-of-travel

considerably upgradient compared to MODFLOWIMODPATH.

CONCWSIONS

The MODPATH delineated zones-of-contribution appear reasonable and consistent. The

MODFLOWIMODPATH modeling uses updated input data to provide a regional perspective of the

individual zones-of-contribution, and resolves conflicting delineations between previous efforts. The
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Figure 4.4 Comparison of zODe-<>f-contribution delineations for the Whiting municipal
wellfield.


