


CHAPTER 6

PREDICTED NITRATE CONCENTRATIONS AT THE MUNICIPAL WELLFIELDS

Predicted steady-state nitrate concentrations for the municipal wellfields are calculated in this

chapter using the methodology and loading information detailed in Chapter 5 along with land use, crop

census, and water budget data.

We used the 30 year time-of-travel (TOT) zone as the basis for calculating nitrate loading to

precipitation-recharged groundwater pumped by the municipal wellfields (Figures 4.2 and 6.1). We

chose to work with the 30 year TOT instead of the entire zone-of-contribution for three reasons. First,

the 30 year TOT is more workable in size, and 30 years is an appropriate planning horizon. Second,

zone-of-contribution delineations become less accurate with distance from wells (Born et aI., 1988).

In the present case, the 30 year TOT is mapped with good accuracy, but less accuracy is likely

associated with, say, the 75 year TOT. Third, land uses within the 30 year TOT are representative

and therefore scalable to the entire zone-of-contribution. Analysis of the arealTOT relationship

indicates that the 30 year TOTs represent 62-71 % of the total zones-of-contribution, and generally

reflect a breakpoint of diminishing additional area relative to time-of-travel (Figure 6.2).

LAND USES AND MANAGEMENT IN 30 YEAR TOTs

As discussed in Chapter 2, land uses and management were identified for the SWP area and

mapped into the Portage County geographic information system (GIS). The 30 year TOT designations

(Chapter 4) were exported to the GIS, where an overlay allowed precise tabulation of land uses and

management for the selected zones-of-contribution (Figure 6.3).

Land uses for the 30 year TOT are summarized in Table 6.1. The Stevens Point main 30 year

TOT contains 31 % irrigated agriculture, 33% forest, and the remainder spread over various other

uses. Land uses within the Stevens Point #5 30 year TOT are dominantly residential(33%) and

dryland agriculture (27%). Whiting and Plover 30 year TOTs contain approximately 50% irrigated

agriculture. Whiting is secondarily influenced by residential/urban uses (28%) while Plover has 36%

in forest.



Figure 6.1
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Thirty year zones-of-contribution for the Stevens Point, Whiting, and Plover
municipal weBs.
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Figure 6.2 Relationship between zone-Qf-contribution and time-Qf-travel for the Stevens Point,
Whiting and Plover municipal wells.
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Figure 6.3 Land use in the 30 year zones-of-contribution for the Stevens Point, Whiting, and
Plover municipal wells.
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Table 6.1. Summary of land use in the 30 year time-:of-travel zone-of-epntribution (acres and %total).

St Pt - Main
Irrigated Ag
Forest
Dryland Ag
Residential-Unsewered
Urban-Sewered
Grassland
Airport
Surface Water
Recreational
Mobile Home-Unsewered
Industrial
Utilities
Total

1327 31 %
1395 33%
397 9%
220 5%
28<1%

391 9%
430 10%
38<1%
o
o
o
o

4226

St Pt -#5
29 9%
46 14%
90 27%

112 33%
24 7%
17 5%
o
o

16 5%
3<1%
o
o

337

WhitiD~

1799 51%
389 11%
246 7%
394 11%
619 17%

89 2%
o

12<1%
o
6<1%
5<1%
2<1%

3562

Plovet
658 50%
476 36%
64 5%
24 2%
70 5%
22 2%
o
o
o
o
o
o

1315

Iotal
3813 40%
2307 24%

798 8%
751 8%
740 8%
520 6%
430 5%
50<1%
16<1%
9<1%
5<1%
2<1%

9441

Analysis of the agricultural land uses by USDA SWP Wellhead Protection Project staff

provided an average crop census and historical data on crop rotations. Potato, snap bean, field com,

sweet com, and hay are the 5 principal crops grown in the recharge areas (Table 6.2). Crops are

rotated in 2 to 10 year rotations, with 2 to 5 year rotations most common. The most common crop

rotations are potato/sweet com, field corn/snap bean, and potato/field corn/snap bean. Thirty specific·

dryland and irrigated crop management classes were identified within the 30 year TOTs, and a

tabulation of areas for each made using the 30 year TOT overlay in the Portage County GIS.

Table 6.2. Average crop census for the 30 year TOT areas (acres).

StPt-Main StPt-#S WhitiD~ Plover Total
Potato 432 3 438 136 1009
Snap Bean 235 3 466 192 896
Field Com-Irrigated 183 6 452 132 774
Sweet Com 258 6 245 118 627
Hay 253 36 252 40 580
Field Com-Dryland 124 35 92 20 271
Oat+ Straw 134 29 39 8 210
Sod 92 0 0 0 92
Pea 14 1 31 22 68
Rye 0 0 0 55 55
Sorghum 0 0 29 0 29

Total 1724 119 2045 723 4611
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NITRATE LOADING TO PRECIPITATION-RECHARGED GRbUNDWATER

To review Chapter 5, the predicted average steady-state nitrate-N concentrations for

precipitation-recharged groundwater in 30 year TOTs can be expressed as

where NT is the mass ofN03-N loaded to groundwater annually from the surface of the recharge area

and Rp =volume of annual precipitation-recharged groundwater. NT has components of loading from

crops, legume forage, residential, and manure. The crop and legume components were calculated as

follows. The average annual crop and legume forage census (acres of crop) for the irrigated and

dryland agriculture land uses within the 30 year TOTs was multiplied by the crop nitrate-N loading

rate (Table 5.4) or forage legume loading rate for both conventional and best management practices.

The residential component was determined by multiplying the loading rate for the various residence

types times their area within the 30 year TOTs. Manure loading was calculated slightly differently,

from the mass of manure spread within the individual 30 year TOTs (tons) times the nitrogen loading

per mass (lb/ton) for both conventional and best management practices. Manure tonnages were 1350,

375, 11310, and 65 tons respectively for Stevens Point main wellfield, Stevens Point #5, Whiting, and

Plover (Ebert, 1995).

Loading results for the four major nitrate loading land uses are presented in Table 6.3 (note:

manure loading is neglected for this table). Loading rates varied substantially among the land uses,

from 8 Ib/acre-year (urban - sewered) to about 100 Ib/acre (irrigated agriculture). The loading for an

individual land use frequently differed among the various TOTs depending on the mix of crops,

rotations, or unsewered residential mix prevailing within the TOT. Agricultural land use loading also

depended if practices were conventional (CON) or best management practices (BMP).

Table 6.3. Average annual nitrate-N loading for various land uses (lb/acre) for the 30 year times of
~~. -

Irrigated Ag (IR)*
Dryland Ag (AG)*
Residential-Unsew (RE)
Uroan-Sewered (UR)

StPt-Main
91 (65)
64 (39)

48
8

StPt-#5
84 (48)
71 (43)

43
8

Whitin&
100 (71)
61 (36)

41
8

Plover
100 (74)
61 (30)

12
8

Oyerall
97 (69)
63 (38)

43
8

() Average with BMPs. * Manure loading not included.
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WATER BUDGET FOR MUNICIPAL WELLFIELDS

Precipitation is the major source of recharge for groundwater pumped by most of the

municipal wellfields. Precipitation recharge for the Stevens Point #5, Whiting, and Plover wellfields

was determined using the recharge rates specified in the MODFLOW flow model (Figure 6.4, Table

6.4).

In addition to precipitation recharge, surface water recharge also needs to be considered for

the Stevens Point main wellfield, because a considerable amount of pumped water there originates as

induced recharge from the Plover River. Groundwater flow to this wellfield has to be apportioned as

to whether it originates from east or west of the river, or directly from the river. This is not

straightforward, since the current flow model does not allow a direct quantitative apportionment.

However, the model provides sufficient information to allow a reasonably accurate apportionment, as

follows. The total modeled wellfield pumpage is 6.72 cfs. It may be safely assumed that all water

originating from the entire zone-of-contribution west of the river (1.80 cfs) is captured by the

wellfield. The model also shows 13 losing cells for the Plover River in the vicinity of the wellfield.

We further assume that this water (4.33 cfs) is captured by the wellfield. The remaining pumpage

(0.59 cfs) is assumed to originate from the east zone-of-contribution. We are unable to say where on

the east side of the river this 0.59 cfs originates. In reality, the patterns of groundwater recharge and

discharge from the river are complex. Complicating factors such as seasonal scouring and deposition

as well as pumping schedules confound the task of apportioning groundwater origin. While this

apportionment estimate (27% from the west, 64% from the river, and 9% from the east) is

approximate, the low concentrations of nitrate in wellfield water are supportive.

The Whiting wellfield may also receive induced recharge. Particle track modeling indicated

flow paths from Whiting's wellfield extend to McDill Pond. The volume of induced recharge is minor

compared to Stevens Point main. The maximum induced recharge component is less than 20%, and

may be considerably less, depending on permeability of McDill Pond sediments. As a result, we

neglected induced recharge for the Whiting wellfield for nitrate loading and concentration calculations,

and revisit the issue when discussing uncertainties and sensitivities.
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Figure 6.4 Groundwater recharge rate (inches/year) in the 30 year zones~f-contribution for the
Stevens Point, Whiting, and Plover municipal wells.
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Table 6.4. Water budget for 30 year zones-of-contribution for concentration calculations.

StPtMain StPt#5 Whiting Plover
West Riyer East

Area (acres) 1526 2701 337 3562 1315
Recharge (inIyr) 8.8 9.1 9.6 9.0 9.2
Vol Rech (RT) (cfs) 1.55 4.33 2.81 0.37 3.69 1.40
Apportionment* 27% 64% 9%

* Apportionment factors for calculating nitrate contribution to Stevens Point-main wells (see text).

NITRATE CONCENTRATIONS AT MUNICIPAL WELLS

As developed in Chapter 5, the predicted steady-state nitrate-N concentration at the municipal

wells can be calculated as

where

Qp =

[N°3-N]P,ss

Qs =

[N03-NlS

Q

= Qpx[N0J-Nlp,ss + Qsx[N0J-Nls

Q

wellfield purnpage originating from precipitation-recharged

groundwater

average steady-state N03-N concentration in precipitation

recharged groundwater

wellfield pumpage originating from surface water recharged

groundwater

average NO)-N concentration in surface water recharged

groundwater

total wellfield purnpage (Qp +Qs)

For all but the Stevens Point main wellfield , the surface water components are zero or are treated as

neglectable. (Whiting will be considered later in a sensitivity analysis.) In these cases, predicted

steady-state nitrate-N concentrations at the municipal wells are simply equal to the average nitrate-N

concentration for precipitation-recharged groundwater in the 30 year TOT ( [N03-N]p,ss). The nitrate

concentration for the Stevens Point main wellfield was calculated as the weighted average (based on

source apportionment of purnpage) of the Plover River nitrate concentration and the separately

calculated steady-state concentrations for the east and west zones-of-eontribution. Plover River nitrate


