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Figure 4.5 Comparison of zone-of-contribution delineations for the Stevens Point w~Ufields
(FLOWPATH delineations adapted from Browil et at, 1992, and RUST, 1994).
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complex flow patterns around the Plover River in the vicinity of the Stevens Point main and Whiting

wellfields provide the most uncertainty, although a workable analysis for the wellfields is provided.

Future work beyond the scope of this project could include development of a three

dimensional small cell size model for the Plover River in the vicinity of the Stevens Point main and

Whiting wellfields in order to better define river sinks, sources, and underflow. Quantitative forward

tracking flowpath analysis could also be used effectively with a 3-dimensional Stevens Point model to

better define zones-of-contribution east of the Plover River. Wellfield specific models might also be

extracted for the other wellfields to reduce cell size and improve the flowpath definition.

The Stevens Point main wellfield induces considerable recharge from the Plover River, which

minimizes the contribution from the potential zone-of-contribution to the east. At assumed pump rates,

water quality will be primarily influenced by Plover River quality and recharge from the northwest.

Significant increases in anticipated pump rates will require further investigation to redefine

contributing areas.

Whiting and Plover wellfields primarily capture groundwater flow from the east. Water

quality will be defined in terms of the land use in the areas to the east.





CHAPTERS

NITRATE WADING TO GROUNDWATER

This chapter develops nitrate loading estimates for the nitrate sources occurring within the

study area. The succeeding chapter uses these data to calculate an average, steady-state nitrate

concentration for the municipal wells and their recharge areas.

Groundwater pumped by a municipal wellfield can be partitioned as that originating from

precipitation recharge and that originating from surface water recharge. With this in mind, a predicted

steady-state nitrate concentration at the municipal wells can be calculated as

where

Q

= steady-state N03-N concentration for the wellfield

= wellfield pumpage originating from precipitation-recharged

groundwater

= average steady-state N03-N concentration in precipitation

recharged groundwater

= wellfield pumpage originating from surface water recharged

groundwater

= average N03-N concentration in surface water recharged

groundwater

= total wellfield pumpage

The steady-state nitrate concentration in precipitation-recharged groundwater is the main focus of this

chapter. It can be expressed as

where

= Mass of N03-N loaded to groundwater annually from the surface

of the recharge area

= Volume of annual precipitation-recharged groundwater
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A simplifying assumption is that no nitrate sinks (e.g., denitrification) are operative in the aquifer.

This assumption appears valid based on extensive monitoring within the basin.

For this analysis, nitrate loading is divided into four compartments; residential, croplands,

legume forage, and manure. This can be expressed as

where

NR = N03-N loaded from residences

Nc = N03-N loaded from cropland

NL = N03-N loaded from legume forage

NM = N03-N loaded from manure

All the above are expressed in units of lb/yr. We eliminated nitrate loading from other land-uses and

management from consideration because they are minor at the scale of this analysis.

NQ3 LOADING FROM RURAL RESIDENTIAL LAND USE

The primary sources of N03-N loading in unsewered residential areas are on-site septic

systems and lawn fertilization. Septic system loading is dependent on the number of systems per acre

and the number of persons using each system. We adopted a loading value of 10 pounds of nitrogen

per person per year based on previous studies (Shaw et aI., 1993). We further assumed an average of

4 persons per system, yielding a septic system loading of 40 lbs N per system per year. (Current

census data indicate an average of 3 people per system, so this is likely an overestimate of current

septic system loading.)

Lawn fertilization is a secondary component of the nitrogen loading in residential and urban

areas. Loading variables include the percentage of residential lot owners who apply lawn fertilizers,

the number of applications per year, the amount of nitrogen per application, lot size, the percentage of

the lot in turf, and the nitrogen leaching rate. A study of two subdivisions in the SWP area (Shaw et

aI., 1993) determined that an average of 1.6 fertilizer applications are made per year, including

homeowners who apply none, to a minimum of approximately 40% of the total lot area, with a

leaching rate of 25%. Assuming 40 lbs fertilizer per 10,000 square feet at 28% N, approximately 8

lbs N/acre/year are leached to groundwater in residential areas.
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We identified four types of residential land uses within ~e study area, higher density

unsewered CI acre lots), lower density unsewered C4 acre lots), urban sewered, and mobilebome

park unsewered (0.25 acre lots).

The total N: loading for the high~r density unsewered residential land use is 48 lbs

N/acre/year, 40 lbs from the septic system and 8 lbs from lawn fertilization. Low density unsewered

residential loading is 12lbs N/acre/year. This is due to 40 lbs of loading from septic systems divided

over 4 acres (10 lbs/acre), plus loading from lawn fertilizer. The amount of turf in low density

appears to be about the same as for the higher density unsewered residential. Wheq spread over the 4

acres of the land use, the 8 lbs N from lawn fertilization results in a loading of 2 lbs N/acre/year.

Nine acres of rural mobile home park land use were identified in the study area. For nitrogen

loading calculation purposes, 0.25 acre lots were assumed, yielding a loading rate of 160 lbs

N/acre/year from septic systems. When loading from lawn fertilizer is added, unsewered mobile home

parks are assigned a loading of 168lbs N/acre/year.

In summary, nitrate loading from residential areas is due to septic systems (in unsewered

areas) and lawn fertilization. We used loading estimates of 10 lbs/person-year of nitrogen for septic

systems, and 8 lbs/acre-year for lawn fertilization. These yield loading estimates from the four

identified residential land uses of: higher density unsewered - 48 lbs/acre-yr; lower density unsewered

- 12Ibs/acre-year; sewered - 8Ibs/acre-year; and mobile home park - 168Ibs/acre-year. These are

likely overestimates for two reasons. First, the numbers of persons per household used in the septic

system estimate are higher than what is current. Second, lawn fertilization estimates likely

assume more rural residents fertilize than what is actual.

N03 LOADING FROM CROPLANDS

N03-N loading from croplands within a recharge area can be estimated by summing the N03

N loading (lb/acre-yr) from each crop multiplied by the area occupied by that crop. This can be

written as

where

A.:.i

= N03-N leached under crop i (lb/acre-yr)

= Area in the WHPA occupied by crop i (acres)
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For instance, if the only crops in a WHPA are field corn, potato, and sweet corn, the equation

becomes

Nc = (Ib/acre-yr N03 -N from sweet corn x acres of sweet corn) +

(Ib/acre-yr N03 -N from potato x acres ofpotato) +

(Ib/acre-yr N03 -N from snap bean x acres of snap bean)

Nc.; estimates for the crops grown in the basin were developed using a budget approach and

considered both conventional and best management practice scenarios. Forage-legume and manure-N

are neglected for the present, and accounted for in their own compartments. This budget approach is a

modification of Meisinger and Randall (1991). It is well suited for this application, because the study

area groundwater/soil system is highly responsive and because it is particularly applicable for

predicting steady-state scenarios. Nc.; in this report is equivalent to the Meisinger and Randall

"LPLN", Long Term Potentially Leachable Nitrogen. Recent work (Kraft et aI., 1995) in the

Wisconsin Central Sand Plain has shown that' this approach agrees well with loading estimates based on

groundwater monitoring.

The N budget for a given crop between the plant canopy and bottom of root zone can be

written as

o = N input - N output - LJN., - N c,i

where

NiDput = N that enters the field

Noulput = N that leaves the field, excluding leached nitrogen

6 Nit = change in stored N

A steady state (6NIt=O) is assumed with respect to inorganic N, that is, the inorganic N content of the

soil doesn't increase or decrease consistently over time. In addition, to help simplify the accounting

procedure a bit, we treat the mineralization of soil organic matter as an input rather than as a change

in storage. Considering these and rearranging, the N budget becomes:

Nc,i = N input - Noutput
,

The inputs considered in development of this budget were fertilizer, nitrogen fixation,

precipitation, dry deposition, mineralization, and crop seed. Irrigation water nitrogen is neglected

because it represents nitrate already leached to groundwater; including it would cause a double

counting of this nitrogen. Outputs considered were harvested crop, ammonia and denitrification

losses, soil erosion and runoff, and miscellaneous gaseous losses.
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Nitro~n Inputs

Fertilizer

Fertilizer-N inputs for various crops for both conventional agricultural practice (CON) and

best management practice (BMP) scenarios were supplied from surveys collected by the USDA

Stevens Point - Whiting - Plover Wellhead Protection Project (Table 5.1; Ebert, written comm., 1995)

Table 5.1. Fertilizer-N applied to crops in the study area under best management practices (BMP) and
conventional practices (CON) (Ebert, written comm., 1995).

Fertilizer-N (lb/acre)
CrQP
Field .com, irrigated
Field com, nonirrigated
Oat
Pasture
Pea
Pickle
Potato*
Rye
Snap bean
Sod
Sorghum-sudan forage**
Soybean
Strawberry
Sweet com

BMP
150
120
60
o

40
100
175

50
60
40

120
o

45
150

CON
161
120
70
o

60
100
200
70

100
45

150
60
55

179

*

*
*

*

Average oflate and early potato.
** Sorghum-sudan grown for fumigant receives 20 lb/acre (BMP) or 40 lb/acre (CON). We are

neglecting fumigant sorghum-sudan in this study.

Microbilll Fixation

N fixation isa significant input for soybean and snap bean. We used a value of 68 lb/acre for

soybean based on the average of Midwestern conditions (Meisinger and Randall, 1991; p. 132). N

fixed by snap bean was estimated at 29 lb/acre based on the following assumptions:

* harvested portion = 4.5 tons/acre

pod N content is 7.8 lb/ton

above ground plant-N content = 1.2 x pod N content

70% of above-ground plant-N is fixed by plant (Note: this is the low end

of the 70-95% range provided in the literature)

Additional detail is provided in Meisinger and Randall (1992, p. 100).
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Atmospheric Deposition

Annospheric deposition has both wet (precipitation) and dry components. Annual average

Wisconsin precipitation-N was reported at 13lb/acre by Andraski and Bundy (1990) and about 18

Ib/acre by Hoeft et at. (1972). These estimates are supported by work in the upper Midwest by

MacDonald et at. (1992). We adopted 13 Ib/acre as an estimate of precipitation-N based on the more

recent and Wisconsin specific work of Andraski and Bundy. Dry deposition-N can be approximated as

about the same as precipitation-N (Meisinger and Randall, 1991; Schepers and Mosier, 1991),

bringing total annospheric deposition N to 26 Ib/acre.

Mineralization

Oberle and Keeney (1990) found a net N release of 40 Ib/acre-yr from soil organic matter

mineralization on Plainfield loamy sand during the growing season. However, neither wet nor dry

deposition were taken into account in the study. For this study, we estimated soil mineralization-N at

14Ib/acre, which is the Oberle and Keeney 40 Ib/acre minus 26lb/acre of wet + dry deposition N.

This estimate is low compared to the rule of thumb, which estimates that 2% of soil organic matter

mineralizes each year and soil organic matter contains 5% nitrogen. Estimates based on this rule for a

soil of 1.5% organic matter amount to about 30 Ib/yr compared to our estimate of 14.

Crop Seed

Based on average seeding rates, com seed adds less than 0.25 Ib/acre; potato seed, about 6-10

Ib/acre (Meisinger and Randall, 1991). We included potato seed-N at 8 Ib/acre and viewed seed-N

from other crops as negligible.

Nitro~n Outputs

Harvested Crop

Harvested N (Table 5.2) was estimated from crop yield (Ebert, pers. COmm., 19.95) and

literature-reported crop-N content (Table 5.4 in Meisinger and Randall, 1991). The sweet-com

harvest-N excludes stalks harvested for fodder. This was neglected because only 15% or so of sweet

com fodder is removed from fields (Ebert, pers. comm., 1995).
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Table 5.2. Crop yield and harvested-N per acre for crops gro\VQ. in study area. Harvested-N per unit
obtained from Meisinger and Randall (1991). Harvest per acre provided by Ebert, pers. comm.
(1995).

Crop Harvested-Nlunit Units Units/acre Harvested-N
(rane;tU (ayera~) (Iblacre)

Field com, irrigated 0.64-0.83 0.73 lblbu 150 109
Field com, nonirrigated 0.64-0.83 0.73 lblbu 90 66
Oat* 0.83-1.06 0.94 lblbu 80 75
Pasture
Pea 14-19 17 1b/ton 3 51
Pickle 2.0-2.9 2.4 1b/ton 10 24
Potato*** 0.3-0.5** 0.4 IbllOO lbs 400 160
Rye 0.95-1.2 1.05 lblbu 60 63
Snap bean 6.5-9.0 7.8 lb/ton 5 39
Sod
Sorghum-sudan 6.8-12 9.5 1b/ton 7 66
Soybean 3.1-3.5 3.3 lblbu 30 99
Strawberry 2.0-2.9 2.4 1b/ton 1.5 4
Sweet com 7.6-9.7 8.6 1b/ton 9 77

*
**

***

Includes harvest of straw.
This range excludes some important Wisconsin work by Saffigna et aL (1977) that reports
a potato-N content of 0.28 Ib/100 lb.
Average of early and late potato.

Fertilizer Volatilization

When ammonium or ammonium-yielding fertilizers are not incorporated, N can be lost to

ammonia volatilization (Blackmer, 1987), however, evidence indicates that ammonia volatilization is

not an important process in the study area. Saffigna et aL (1977) claim that ammonia volatilization

will not occur on Plainfield soils due to the soil's acidity. Also, Oberle and Bundy (1987) found that

2.5 mm of rainfall within 4 days after urea application is sufficient to limit ammonia losses. For these

reasons, we will as~e ammonia vC?latilization from fertilizer is negligible.

Denitrification·

Denitrification occurs when soils are waterlogged during periods when soil temperature

exceeds 5O"F. Most soils in the st,udy area are unsaturated when the temperature is this warm.

Saffigna et aL (1977) suggest that denitrification is generally nonexistent in these soils. In addition,

Kraft et aI., (1995) observed no evidence of denitrification when vegetable fields were flooded during

a portion of the growing season due to heavy rains in 1993. For purposes of this N budget,


