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1. Objective
Water quality in the Red Cedar River Basin is impaired by excessive loadings of sediment and
nutrients arising from point and nonpoint seurces of pollution. An effort was made to estimate
the suspended solids and phosphorus loadings from all sources of pollution within the basin. A
process based computer model, Simulator for Water Resources in Rural Basins - Water Quality
(SWRRBwq), was used to estimate sediment and phosphorus contributions from various
agricultural, forested and urban land uses for the seven watersheds in the Red Cedar River Basin.
The phosphorus loadings were also estimated from point sources and barnyards using Wisconsin
Pollution Discharge Elimination System permits and Priority Watershed Project data,
respectively. Finally, the sediment and phosphorus loadings from all watersheds were routed to
‘Tainter Lake to determine the relative contribution of various pollutant sources and watersheds in

the basin.

2. Description of the SWRRBwq model

Simulator for Water Resources in Rural Basins - Water Quality was developed by the USDA-
ARS (Arnold et al., 1990) to simulate hydrologic, sedimentation, nutrient and pesticide transport
in large, complex rural watersheds. The model operates on a continuous daily time step and
allows for subdivision of basins to account for differences in soils, land use, rainfall, ete.
SWRRBwq was designed to predict the effect of management practices on water, sediment and
pesticide yields with reasonable accuracy for ungaged rural basins throughout the United States.
SWRRBwq has been tested on 11 large watersheds at eight Agricultural Research Service
locations throughout the country. The results show that SWRRBwq is a versatile and convenient

tool for use in planning and designing water resource projects.

SWRRBwq includes five major components: weather, sedimentation, nutrients, and pesticides.
Processes considered include surface runoff, return flow, percolation, evapotranspiration,
transmission losses, pond and reservoir storage, sedimentation and crop growth. A weather
generator allows precipitation, temperature, and solar radiation to be simulated when measured
data is unavailable. The precipitation model is a first order Markov chain model, while the air

temperature and solar radiation are generated from a normal distribution. Sediment yield is



based on the Modified Universal Soil Loss Equation (MUSLE). Nutrient yield routines were
taken from the EPIC model (Williams et al., 1985). The pesticide component is a modification
of the CREAMS (Smith and Williams, 1980} pesticide model. SWRRBwq allows for
simultaneous computations on each subbasin and routes the water, sediment, nutrients, and
pesticides from the subbasin outlets to the basin outlet. Surface runoff volume is predicted using
the SCS curve number adjusted for daily soil moisture content. Return flow is calculated as a
function of soil water content and return flow time. Return flow travel times can be calculated

from sotl hydrologic properties or user inputs.

The percolation component uses a storage routing model combined with a crack-flow model to
predict flow through the root zone. Evapotranspiration (ET) is estimated using Ritchie's ET
model. Transmission losses in the stream channel are calculated as a function of channel
dimensions, flow duration and effective hydraulic conductivity of the bed. Peak runoff rate
prediction is based on a modification of the Rational Formula. The channel and floodplain
sediment routing model is composed of two components operating simultaneously (deposition
and degradation). Degradation is based on Bagnold's stream power concept, and deposition is
based on the fall velocity of the sediment particles. The crop growth model computes total
biomass each day during the growing season as a function of solar radiation and leaf area index
(LAI). LAlis computed for each day from the maximum LAI and total above ground biomass.
The ET component uses LAI to compute plant evaporation. Water and temperature stress factors

are used as growth constraints.

SWRRbwq simulates crop growth for both annual and perennial plants. Annual crops grow from
planting date to harvest date or until the accumulated heat units equal potential heat units for the

crop. Perennial crops maintain their root systems throughout the year.

Lake and reservoir simulation can be applied when a single reservoir is simulated at the
watershed outlet. The major components of the lake model are pollutant loading, outflow,
settling, resuspension, burial, etc. The model can also track fate of pesticides from their initial

application on the land to their final fate in the lake. This allows decision makers to directly




predict the influence of upland agricultural management decisions on lake water quality (Amold

et al., 1991). The lake and reservoir component was not used in this study.

3. Data acquisition for the Red Cedar River Drainage System

The Red Cedar River drainage basin is a complex system with vast spatial and temporal
variability in the different physical processes driving the system. Accounting for the interactions
of these physical processes and their temporal-spacial variability is important in any attempt to
model the behavior of a system. The data input requirements for the SWRRBwq model are

significant; the acquisition and sources of data for this study are described throughout the report.

4. Red Cedar River Drainage System

The Red Cedar River originates in Sawer County and flows south through Barron and Dunn
Counties as it drains into the Tainter Lake (Figure 1). The entire drainage area for Tainter Lake
consists of seven watersheds. Five of the seven watersheds drain into the Lake through the Red
Cedar River and the remaining two through the Hay River which discharges directly into the

Lake. The general description of all seven watersheds is provided in Table 1.

Water quality pi‘oblems due to excessive sediment as total suspended sediment (TSS) and total
phosphorus (TP) loadings have been well documented throughout the entire drainage area
(WDNR, 1979; WDNR, 1993, WDNR 1996). Tainter Lake is highly eutrophic and experiences
severe summer algae blooms and poor water quality. The Red Cedar and Hay Rivers also
experience siltation in various stream segments and dissolved oxygen problems in heavily
vegetated stream reaches, The Wisconsin Department of Natural Resources recently conducted a
reservoir water quality model study using the Corps of Enginesrs BATHTUB model to assess the
impacts of phosphorus loadings on Tainter Lake (Schreiber, 1992). The results of the
SWRRBwq model will be used to assess potential water quality improvements in Tainter Lake as

a result of pollutant load reductions in the basin.



Figure 1. Red Cedar River Basin / Tainter Lake Drainage Area.




Table 1. Watersheds of the Red Cedar River Basin

Sr# | Watershed name Water- | Total area | Areain % areain | Priority
shed # | Sq.miles | crop & crop & watershed status
pasture pasture
l Hay River LCO35 289.6 191.1 20.6 completed
2 South Fork Hay River | LC06 182 149.2 16.1 in implementation
3 Pine Creek & Red LCO7 287.9 198.7 21.5 not selected
Cedar River
4 Lake Chetek LCO08 212 954 10.3 not selected
5 Yellow River LCO% 239.3 165.1 17.8° in planning
6 Brill & Red Cedar LC10 | 2977 116.1 12.5 not selected
Rivers '
7 Red Cedar Lake LCi1 140 10.1 LI not selected
Total 1648.5 925.7 100

5. Discretization of the Drainage System

Delineation of the entire drainage area to fit the model frame-work was a challenging task. With

the help of the Dunn & Barron County Land Conservation Department (LCD) staff, the entire

drainage area was divided into the following four land uses:

- Cropland:
Pasture:
Forest:

Urban:

corn, oats and hay
pasture, idle/rangeland, g'rass '
woodlot and water

dirt roads, grass, hard surface

To ensure the hydrologic integrity of the drainage system, each watershed was divided into 10

subareas based upon their drainage characteristics. The ten subareas for the South Fork Hay

River Watershed are shown in Figure 2. Hydrologic delineations of the remaining six watersheds

are shown in Appendix 1. Soils data were compiled for the entire drainage area using the

Wisconsin STATSGO (USDA: Publication #1492) database. Soils data indicated the presence of

3-12 soil types (e.g. Saﬁtiago, Amery, Gale, etc.) in each subarea. This could result in 12-48



unique land use-soil type combinations for each sub area. In order to keep the modeling effort
within a manageable work load, all soil parameters with in a subarea were averaged to develop a

lumped soil parameter input file for each sub area.

Four input files were developed for every watershed with each file corresponding to one unigue
land use (cropland, pasture, forest or urban). The model was run for each input file to obtain
TSS and TP delivery ratios in metric tons per hectare (MT/ha) and Kiio grams per hectare (Kg/ha)
at the mouth of each watershed, respectively. The delivery ratios from each file were unique to a
particular land use in the watershed and were based upon the assumption that the entire
watershed had only one land use. The overall TSS and TP loadings at the mouth of each

watershed were then obtained by using the following area-weighing equation:
Lo = (Da X Ax) + (De X Ag) + (Dp x Ap) + (Dy X Ay)

Where

L, = overall sediment or phosphorus loading in MT or Kg, respectively

D ,; = TSS/TP delivery (MT/ha or Kg/ha) assuming entire watershed to be agriculture
Dr = TSS/TP delivery (MT/ha or Kg/ha) assuming entire watershed to be forest

Dp = TSS/TP delivery (MT/ha or Kg/ha) assuming entire watershed to be pasture

Dy = TSS/TP delivery (MT/ha or Kg/ha) assuming entire watershed to be urban

A = Actual watershed area with agricultural land use

Afr = Actual watershed area with forest land use

Ap = Actual watershed area with pasture land use

Ay = Actual watershed area with urban land use

No best management practices were assumed for the prediction of initial load estimates.

Insufficient data was available to determine the type or specific location of the land use practices.




Figure 2. Hydrologic Delineations of South Fork Hay River Watershed.
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6. Input data to the SWRRBwq Model
The input data file was developed for each watershed separately. The input data collection
forms are described in Appendix 2. However, important data parameters are described as

follows:

Crop Data

Since each land use category contains various types of crops and crop rotations, accounting for
the percentage area of these crops was important in estimating representative values of the
different parameters in the model. The crop rotations were compiled with the help of Dunn &
Barron County Land Conservation District (LCD) staff. A typical crop rotation in the basin can
be corn-corn-oats-hay-hay-hay over a six year period. However, the model can only accept crop
rotations for three years. Therefore, the three year crop rotations of com-hay-hay, com-corn-hay,

and comn-oats-hay were selected for areas under cropland.

Various crop parameters are built into the model database for row crops, pasture, and forested
areas. These parameters include potential crop heat units {degree-C), a biomass conversion
factor (Kg/ha/MJ), water stress vield factor, a harvest index, and average annual C-Factor. Of all
these parameters, the average annual C-Factor 1s one of the most critical parameters. The C-
Factor is the crop management factor used to calculate sediment yield in the MUSLE equation.
The C-Factor value is a function of cropping systems and tiltage practices and is considered one
of the more important factors in the sediment generation process. The daily crop management
factor C in the SWRRBwq model is calculated as a function of average annual values and is a
function of soil cover (residue plus above ground biomass). The C-Factors of 0.23-0.32 were
used for row crops such as corn, soybeans, cotton and peanuts etc. The C-Factors for alfalfa and
Pasture are 0.04 and 0.008, respectively. A range of 0.04-0.008 was used for the C-Factors in the

forested areas.

SCS Curve Number _
The Curve Number is one of the most sensitive parameters in the SWRRBwq model. The

surface flow generation 1s highly sensttive to the values of this parameter. The SCS curve



number is an empirical parameter used to evaluate land use, soil condition, agricultural practices,
and antecedent moisture conditions. The range of this parameter if 0-100. The curve number for
soil moisture condition II is the average between the dry condition I and the wet condition IIL.
The selection of the SCS curve number was based upon the type of crop, cover condition and the
hydrologic behavior of the soil. The curve numbers were compiled by the Soil Conservation
Service and used in the model study as shown in Table 2. These values are built into the
SWRRBwq model. Using a six year crop rotation, the following SCS curve numbers were

selected for the model runs:

Forest 60

Pasture 69

Urban 72

Cropland
Comn 78-80
Oats 72-75
Hay 70-72

Roughness Coefficient

The overland and channel roughness coefficient values effect the peak flow and sediment yield.
When the overland roughness coefficient increases, the flow velocity decreases and flow needs
more time to travel overland. As a result, the peak flow decreases in-turn decreasing the

sediment yield. Overland roughness factors were selected as the following:

Crops 0.19
Forest 0.24

Pasture 0.30
Urban 0.12

Stream Channels 0.04



Table 2. SCS Runoff Curve Numbers for Antecedent Moisture Condition II

Land Use - Hydrologic Group
Crop L Cover Condition s e B—--- pinsi Sone T eekiets el
Fallow Straight Row  ~emeeeeee 77 86 91 94
Row Crops Straight Row Foor 72 81 88 91
Straight Row Good 67 78 85 89
Contoured Poor 70 79 84 88
Contoured Good 65 65 82 86
Contoured &
Terraced Poor 66 74 80 82
Contoured &
Temaced Good 62 71 78 8l
Small Grain Straight Row Poor 65 76 24 88
Straight Row Good 63 75 83 &7
Contoured Poor 63 74 B2 85
LContoured Good ol 13 81 84
Contoured &
Terraced Poor 6l 72 79 82
Contoured &
Terraced Good 59 70 TR 81
Close-seeded Straight Row Poor 66 77 85 39
legumes* or Straight Row Good 58 72 a1 85
rotation meadow Contoured Poor 64 75 83 85
Contoured Good 55 69 78 83
Contoured &
Terraced Poor 63 73 8 83
Contoured &
Terraced Good 51 67 76 80
*closed drilted or  broadeast
Pasture or Range Poor 63 79 86 89
Fair 49 69 79 84
Good 39 ] 74 80
Contoured Poor 47 67 | 83
Contoured Fair 25 59 75 §3
Contoured Good 6 35 70 79
Meadow Good 30 58 71 78
Woods Poor 45 66 77 83
Fair l6 60 73 79
Good 25 55 70 77
Farmsteads 59 74 32 86
Roads (dirt) * 72 82 87 29
Roads
(Hard Surface} ** e ——— 74 84 90 92
**including
Jdightof-way e e —

*A. (Low runoff potential). Soils having high infiltration rates even when thoroughly wetted and consisting chietly of deep, well to excessively
drained sands or gravels. These soils have a high rate of water transmission.

B. Soils having moderate infiltration rates when thoroughly wetted and consisting cliefly of moderately deep to deep, to moderately well to well
drained soils with moderately fine to rmoderately coarse textures. These soils have a moderate rate of water transmission.

C. Sails having slow infiltration rates when thoroughly wetted and consisting chiefly of soils with a layer that impedes downward movement of
water, or soils with moderately fine to fine texture. These soils have a slow rate of water transmission.

D. (High runoff potential). Soils having very slow infiltration rates when thoroughly wetted and consisting chiefly of clay soils with a high

swelling potential, soils with a permanent high water table, soils with a claypan or clay layer at or near the sutface, and shallow soils over nearly
impervious material. These soils have a very slow rate of water transmission,

10




Planting and Harvest Dates
These dates were suggested by the Dunn & Barron County staff as the following:

Planting Date Harvesting Date
month/day month/day

571 10/10

Soils Data

Preliminary soils associations (e.g; Gale-Renova-Amery association) were obtained from
Wisconsin STATSGO which is a general soils map of the state (F1 gure 3). Each soil association
was a combination of three soils (such as Amery, Santiago, Gale etc.). Each of the seventy
subareas in the basin could be a combination of one or more soil associations and therefore could
have any combination of soils listed in Table 3. The values associated with various soils were
obtained from the Soil-5 database which is built into the SWRRBwq model. The Soil-5 database
waé compiled by the Natural Resources Conservation Service (NRCS) Soil-5 Interpretation
Records, and provides information on the characteristics and interpretive properties of all soils
identified in the United States. This data has been collected and updated by NRCS for decades

and contains the following properties and characteristics of more than 14,000 soils:

-number of soil layers

-USLE K factor

-Depth to the bottom of each layer
-Bulk density of soil layer

-Available water capacity of soil layer
-Saturated conductivity for soil layer
-Clay content

-Organic carbon percent for soil layer
-Initial NO3 concentration

-Maximum root depth

11



Figure 3. Soil Associations of the Red Cedar River
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All of these parameters were averaged for all of the predominant soils in each subarea.
Representing this spatial distribution was crucial for a reasonable and accurate outcome. In
addition, initial soil phosphorus concentrations of 0.0005 1b/lb of soil (Young et al., 1986 -
AGNPS Model; Sims, 1992) were assumed in top two soil layers (10 mm and 76mm) for each

subarea.

Fertilizer and Manure Application Rate

Values representing average phosphorus inputs from manure and commercial fertilizers were
complied from various literature sources, the Soils Testing Laboratory at the University of
Wisconsin, Madison (personnel conversation with Dr. Sherry Combs and soil technicians at the

lab), DNR staff, and the Livestock Waste Facilities Handbook.

A fertilizer application rate of 100 kg/ha/year was used for the cropland with the assumption that
it was applied on the same date as the planting of the crop (Fox-Wolf Basin 2000 Technical
Reports; nutrient management plans in north west wisconsin, DNR data), Unfortunately, the
fertilizer application routine was not functioning in the SWRRBwq model. To overcome this
problem (based upon personnel conversation with Dr. Jeff Amold, author of SWRRBwq Model),
the P-concentration in the soil was increased by 0.0003 Ibs/Ib-soil in order to account for the
fertilizer application rate of 100 Kg/ha. Furthermore, phosphorus in commercial fertilizer was

assumed to be bioavailable and was applied completed to the soluble pool for the model input.

In addition, it was estimated that soil phosphorus concentrations can increase to as high as
0.0013 Ib/Ib of soil due to long term manure additions (USDA, 1980). Other studies (Sims,
1992) also indicate an increase in soil concentration of 0.000996 1b-P/1b of soil (996 mg/Kg) due
to long-term feedlot waste applications to cropland. Qiu, 1993 has also demonstrated a 2-4 fold
increase in phosphorus levels and organic carbon content of soils due to long term manure
application. For initial modeling runs, a conservative assumption was made .that the manure
application resulted in an increase in the phosphorus concentration of 0.0003 Ib/lb-soil on the
cropland. No increase in phosphorus was assumed for idle/pasture and forested lands.

Phosphorus increase of 0.0005 Ib/Ib-soil was assumed for the urban areas due to lawn fertilizer

14




application.

The monitoring data collected in 1997 revealed extremely high concentrations of phosphorus
associated with the sediment particles in cropiand runoff (Paul La Liberte, Memorandum August
15, 1997). As a result of this study, the phosphorus concentrations in the top 10 mm layer were
increased to 0.003 Ib/lb-soil for the Hay River drainage area and 0.004 lb/lb-soil for the Red

Cedar River drainage area. All final model runs were based upon these new enrichment ratios.

Topographic Data

Topographic maps of scale 1:100,000 and 1:24,000 were used to extract slopes of agricultural
lands, along with the lengths & slopes of stream channels. Drainage areas and areas in cropland
in each watershed were compiled from the Lower Chippewa River Basin Plan and from personal
communication with Dunn County LCD personnel. Channel characteristics such as width and
depth were obtained with the help of the Dunn County LCD and DNR Western District staff.
The routing channel for the simulation in each subarea was assumed to be the longest channel.
This approximation was warranted by the SWRRBwq model. However, the Red Cedar River
system contains numerous channels with varying lengths, widths and depths iﬁ each subarea.
The density of these stream channels will have an effect on the flow, sediment and total
phosphorus yields. Only the main and longest channel was used in each subarea although other

segments of streams in the subareas can be used to improve channel routing characteristics.

Routing Characteristics within a Watershed

The routing channel in the model is the distance from each subarea to the mouth of the
watershed. Routing is conducted separately for each subarea, therefore, no interaction is
assumed to occur between various subareas. The farthest point in each watershed was considered
to be the mouth of each watershed. In addition, a number of lakes exist within the Red Cedar
River Drainage system. Modeling the routing characteristics through each lake requires long-
term monitoring and considerabie effort which was beyond the scope of this project.
Furthermore, the model can only incorporate lake/reservoir data for a lake which is located at the

end of the watershed. Because the space and time behavior of a lake is complicated, a

15



simplifying assumption was made to use their trapping effect. A 50-90% reduction in sediment
and in-turn particulate phosphorus was assumed to account for each large lake in the system and
was accomplished in SWRRBwq by increasing the routing lengths for the subareas draining to
the lakes. The trapping efficiency was estimated using an empirical model based on in-lake

physical, chemical and biological processes, watershed runoff and phosphorus loading (Table 4).

Weather Data

The SWRRBwq model uses a in-built weather generator that provides statistics on various
weather parameters at hundreds of stations throughout the U.S. These weather statistics are
based on a 30 year record of weather information at each station. In Wisconsin, the model has
weathef data available at 21 stations. None of these stations were located in the Red Cedar River
Basin, however, weather stations at St. Croix Falls and Weyerhauser were in the proximity to the
Basin, and had long term weather data. The National Oceanic and Atmospheric Administration
(NOAA) was contacted for additional weather data within the basin but very limited data was
available for the study area. In the absence of long term data in the basin, the weather parameters
at St. Croix Falls and Weyerhouser were averaged and the averaged parameters such as monthly
rainfall, solar radiation, dai]y maximum and minimum temperature were used for the entire study
area.- This assumption might not account for all temporal variability in precipitation and
temperatures but the model was used to estimate the pollutant loadings for a nine year period and
for a nine year scenario. The simulated rainfall and temperature data at the two stations should
be adequate to represent more long-term conditions. The other weather data included in the

weather files was:

-frequency of 0.5 hour rainfall
-frequency of a six hour rainfall
-frequency of a wet day after a dry day

- -frequency of a wet day after a wet day

16
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Tillage

The model provides the following four options for tillage operations on cropland:

-fall plow -spring plow

-conservation tillage -zero tillage

Based upon discussions with Dunn County LCD staff, the spring plow option was used for all
areas of Dunn County. In Barron County, a combination of spring plow (60%), fall plow (10%)
and conservation till (30%) was used. Two options were available to represent the vegetation in
the SWRRBwq model: annual or perennial. Crops such as corn and oats were considered annual

while forest and cropland with hay were assumed perennial.

7. Point Source Loadings

All point sources that currently (for the year 1997) discharge into the Red Cedar River drainage
systems were identified. Discharge Monitoring Records were used to estimate the yearly or
seasonal loadings for all facilities. The summary of point source loadings 1n the basin is

described in Appendix 3.

8. Barnyard Loadings

A detailed inventory of the number of barnyards, and number & types of animal units was not

- available for each watershed. The total number of barnyards was available for the South Fork
Hay River Watershed (Mechelke et al., 1992), the Red Cedar River & Pine Creek Watershed
(Mechelke et al., 1992), and the Yellow River Watershed.Priority Watershed Report (WDNR,
1993). The data from these three watersheds was used to estimate the average number of
barnyards for the remaimng four watersheds. Barnyard density (# barnyards/ha) was calculated
for the three watersheds: South Fork Hay, Red Cedar & Pine, and Yellow River watersheds.
Then, the number of barnyards in the remaining four watershed were estimated by multiplying
the cropland area in each watershed by this barnyard density. Finally, after discussions with the
Dunn and Baron County staff, these numbers were revised to reflect the most recent number of

bamyards in each of the seven watersheds in the basin,
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Based upon discussions with the DNR staff in the Bureau of Watershed Management, an average
loading of 22.2 Ibs/year was assumed from each barnyard in the study area. Several priority
watershed projects have shown that the average loadings/barnyard (from a 10 year storm) for an
entire watershed in different parts of the state (Yellow River, Black Earth Creek, Duncan Creek)
range from 8-10.5 Ibs/storm (Mechelke et al., 1992). Therefore,lit was a reasonable assumption
to assign an average phosphorus loading to a barnyard in the basin. In addition, water quality
monitoring has demonstrated that as much as 50% of the barnyard load can be in the form of
available phosphorus. Therefore, an assumption was made that 50% of the total phosphorus

from barnyard runoff was in the form of available phosphorus.

9. Load Routing from Individual Watersheds to Tainter Lake
The phosphorus load at mouth of each watershed consisted of particulate phosphorus (runoff
associated-P from uplands and barnyards) and available (or dissolved) phosphorus. The

available phosphorus was the sum total of the following:

a, Dissotved fraction of the total phosphorus associated with runoff from all land uses such
as cropland, urban, pasture, and forest.

b. Point source phosphorus (an assumption was made that it was all soluble).

c. Forty percent of barnyard runoff (an assumption was made that 40% of all bamyard

runoff was in the available form).

For routing phosphorus from the watersheds to Tainter Lake, only particulate phosphorus was
routed. Particulate phosphorus from the barnyards was first routed to the mouth of each
watershed and then from the mouth of a watershed to Tainter Lake. It was also assumed that due
to the relatively short routing distance and travel time in the drainage area, 100% of the dissolved

phosphorus from each watershed reached the mouth of Tainter Lake.

To develop the routing procedure from the outlet of each watershed to Tainter Lake, sediment

and sediment attached phosphorus delivery ratios were needed. The Fox Wolf Basin 2000
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Technical Report (1993) describes the channel delivery ratios that represent the ratio of routed
TSS & TP loads reaching basin outlet to the unrouted loads as a function of distance (F igure 4).
These values were obtained by conducting TSS & TP monitoring in the channels within various
subareas and main routing channels in the entire Wolf River drainage syétem. Table 5
represents the routing distances for all seven watersheds along with channel delivery ratios for

TSS and particulate phosphorus loads in the Red Cedar River system.
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Figure 4. Sediment & Phosphorus Routing in the Channels as a Function of Distance
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Table 5. Channel Delivery Ratios for seven watersheds in Red Cedar River Basin

Watershed name | Wateirshed Routing TSS Delivery Particulate-P
# _ Distance to Ratio Delivery Ratio

Tainter Lake
(Km)

Hay River LCO05 0.0 1.00 1.00

South Fork Hay | LC06 32.5 0.71 0.68

River

Pine Creek & LCO7 0.0 1.00 | 1.00

Red Cedar River :

Lake Chetek LCO8 04.8 , 0.35 0.33

Yellow River LCO09 64.8 0.35 0.33

Brill & Red LCI10 86.2 0.32 0.30

Cedar

Red Cedar lake  LC11 938 0.32 0.30

10. Results

The SWRRBwq model results for the simulated average annual sediment and phosphorus
loadings from the cropland, pasture/idle land, forest and urban areas are listed in Tables 6 & 7.
Table 6 lists the average annual subwatershed and watershed yields, and corresponding loadings
from the four land uses in the basin. Table 7 represents a comparison of areas, average annual
sediment and phosphorus loadings from various land uses in the seven watersheds. Table 8
represents the average annual sediment, particulate and dissolved phosphorus loadings from all
sources (upland runoff, barnyards and point sources) at the mouth of each watershed. The routed
average annual sediment and total phosphorus loadings from individual watersheds to Tainter
Lake are also shown in Table 8. All dissolved (available) phosphorus was routed 100% to
Tainter Lake. The particulate phosphorus and sediment was routed to Tainter Lake using routing

ratios from Table 5.
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Figure 5 represents the sediment and phosphorus loadings delivered to the mouth of each
watershed along with the land uses for the entire basin. The relative sediment and phosphorus
contribution of the seven watersheds to Tainter Lake is shown in Figure 6. The output files from
the SWRRBwq Model generate sediment loadings in each subarea before routing it to the mouth
of each watershed. Using this information, Figure 7 was developed to identify the subareas with
high sediment export within each watershed. Figures 8 through 14 represent the loading
estimates (routed to the mouth of each watershed) and land uses for each of the seven watersheds
in the basin. Figure 15 represents the relative contribution of total phosphorus and sediment

from different types of land use in the basin.

11. Discussion
The sediment and phosphorus loads were estimated at the mouth of each of the seven watersheds
and were then routed to Tainter Lake. Therefore, the discussion of the modeling results is

divided into loads routed to the mouth of each watershed and loads routed to Tainter Lake.

Loads Routed to the mouth of each watershed:
A long term average annual sum of all the sediment and total phosphorus loads delivered to the
mouths of the seven watersheds in the Red Cedar Basin is estimated at approximately 72,000 MT
and 226,500 Kg, respectively (Table 8 & 9). In all watersheds, except for the Red Cedar Lake
Watershed, cropland represents the largest source of sediment and phosphorus loading (Figures
8-14). Forested areas represent the largest source of phosphorus loadings in the Red Cedar Iake
watershed as it is the predominant land use in the watershed as well. The point source
contribution of the total load varies among the seven watersheds; point source loads being the

highest in the Hay River Watershed (nearly 16%) to negligibie in the Red Cedar Lake Watershed.
Of the seven watersheds, the Pine Creek and Red Cedar River Watershed (LC07), Hay River

Watershed (LCO5), and Yellow River Watershed (LC09) are the three hi ghest contributors of
phosphorus load from runoff (Table 6). The phosphorus loadings for these three watersheds are
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Figure 5. Total Phosphorus and Sediment Loads Routed to Tainter Lake Including Bamnyards

and Point Sources.
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Figure 6. Land Use, Sediment and Phosphorus Loadings From All Seven Watersheds Including

Point Sources and Barnyards.
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Figure 7. Critical subareas in the Red Cedar River Basin with Highest Sediment

Erodibility.
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Figure 8.  Hay River Watershed (LC05) Land Use, Sediment and Phosphorus Loads.
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Figure 9. South Fork Hay River Watershed (LC06) Land Use, Sediment and Phosphorus

Loads.
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Figure 10. Pine Creek & Red Cedar River Watershed (LC07) Land Use, Sediment and

Phosphorus Loads.
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Figure 11. Chetek Creek Watershed (LCO8) Land Use, Sediment and Phosphorus Loads.
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Figure 12. Yellow River Watershed (L.C09) Land Use, Sediment and Phosphorus Loads.
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Figure 13. Brill & Red Cedar River Watershed (LC10) Land Use, Sediment and Phosphorus
Loads. '
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Figure 14. Red Cedar Lake Watershed (LC11) Land Use, Sediment and Phosphorus Loads.
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Figure 15. Total Phosphorus and Sediment Loads From Each Land Use Routed to Tainter Lake.

Point B amy ards
6.70% Urban

2.51%

Pasture
A6.33%

Forest

10.62%

Cropland
66.82%

Urban  pasture
329%  476%

Forest
11.53%

Cropland
80.43%

37



quite comparable and are estimated at nearly 40,000 Kg for each watershed (this load does not

include the loading from the point sources or barnyards in each watershed).

Loads Routed to Tainter Lake: .

As indicated in Tables 8 & 9, nearly 49,000 MT of sediment and 195,000 Kg of phosphorus
make it to Tainter Lake in an average annual basis. Cropland runoff represents nearly 82% of the
total sediment load and 64% of the total phosphorus load (Figure 15) reaching Tainter Lake. The
forested area also represents a significant source of phosphorus loading to Tainter Lake
contributing nearly 11%. Point sources and barnyards each represent nearly 7% of the total

phosphorus load reaching Tainter Lake.

The Hay River Watershed (LCO05) and Pine River & Red Cedar River Watershed (LC07)
contribute nearly 62% of the sediment load (Figure 5) to Tainter Lake. These two watersheds not
only produce high sediment loads but they are also delivered directly into the lake which in-turn
makes their contributions significant. These two watersheds along with the South Fork Hay
Watershed (LC06) contribute nearly 80% of the sediment load rea'ching Tainter Lake. The
remaining four watersheds contribute less than 20% of the total sediment load due to the greater

routing distance and corresponding lower deliveries to Tainter Lake,

The Hay River (LCO05), and Pine River & Red Cedar River (LC07) watersheds represent the two
largest contributors of phosphorus loading, discharging nearly 50% of the total annual
phosphorus load to Tainter Lake. The Yellow River (17%), South Fork Hay ( 12%) and Long

Lake (12%) watersheds are also significant contributors of phosphorus to Tainter Lake.

Validation of the SWRRBwq Modeling Results

The results of this effort match reasonably well with the information and data available from
other monitoring and modeling studies in Wisconsin. Panuska et al. (1995) have shown that the
most likely phosphorus loadings from agricultural and forested areas are 1.0 Kg/ha and 0.09
Kg/ha, respectively, in Wisconsin. These yields are based upon long term monitoring of a
number of stations throughout Wisconsin. The SWRRBwq model results show that the range in
average annual total phosphorus yield is 0.96-1.4 Kg/ha for forested land, and is 0.06-0.14 Kg/ha

for cropland. In addition, the SWRRBwq loadings for each land use category are similar to those
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from this statewide study.

Mechelke (1992) developed land use based phosphorus loads for the South Fork Hay River
Watershed (L.C06), and Pine and Red Cedar River Watershed (LC07) using EPA recommended
phosphorus export coefficients. A comparison of Mechelke's results with the SWRRBwq results
is shown in Table 10. The SWRRBwq results match well with results of this study. The results
compare well not only for the total loads but also for the yields (Ibs/ha) from cropland and

forested areas in each of the two watersheds .

Table 10. Comparison of Mechelke, 1992 study and SWRRBwq Results

Parameter Units Mechelke, | SWRRBwq
' ' 1992 Results
Results

S.F. Hay (LC06) Watershed total P-loads from Kg/year | 29,022 23,367
cropland, forested, urban and pasture

Pine and Red Cedar Creek (1.C07) Watershed Kg/year | 44,828 41,786
Total P-loads from Ag., forested, urban and

pasture

P-yield from Croplands (assuming Corn-Hay-Hay | Kg/ha 0.93 (0.96-1.37
rotation)

P-yield from Forested areas Kg/ha 0.035 0.06-0.16

The nine year annual average sediment and phosphorus loadings predicted using the SWRRBwq
model are comparable to the 1990 monitoring results at the two inlets to Tainter Lake. The
monitoring results estimate the sediment and phosphorus loads at approximately 27,000 MT and
318,000 Kg, respectively to Tainter Lake for the year 1990. The nine year mode]ed.average for
sediment and phosphorus loads is 49,000 MT and 195,000 Kg, respectively.

The difference in the modeled and monitored results can be explained by the fact that the
monitoring loads represent only one year of load while the modeling results represent long term
average annual loads. In addition, 1990 was an atypical year during which 40% of the total load
was delivered during a single storm event. Furthermore, the enrichment ratio (phosphorus in Ibs

/sediment in MT) was nearly 23.5 for the monitored year 1990. This ratio is exceptionally high
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when compared with these ratios from other geographic areas in the state. The ratio for the
modeling results is nearly 10 Ibs/MT which is well within the range of the ratios observed at the

master monitoring stations throughout the state.

13. Conclusions

The following conclusions can be drawn from the results of this study.

¢ On an average annual basis, almost 500,000 MT of sediment is delivered to the seventy
subwatersheds of the Red Cedar River Basin, of which approximately 49,000 MT (10%) is
delivered to Tainter Lake,

* On an average annual basis, the total sediment delivered to the outlets of the seven
watersheds of the Red Cedar River Basin is about 72,000 MT, of which approximately
49,000 MT is delivered to Tainter Lake.

* On an average annual basis, the total phosphorus delivered to the outlets of the seven
watersheds of the Red Cedar River Basin is nearly 226,500 Kg, of which approximately
195,000 Kg 1s delivered to Tainter Lake.

¢ Cropland represents the largest and most dominant source of sediment and phosphorus
loading in the Red Cedar River Basin to Tainter Lake. Barnyards also represent a significant

soutce of phosphorus in the basin.

* On an average annual basis, point sources represent 7% of the total phosphorus load reaching

Tainter Lake from all sources.

¢ The sediment loadings from each of the seven watersheds to Tainter Lake is strongly
influenced by the proximity of each watershed to Tainter Lake. The Hay River Watershed
(LCO5), Pine River & Red Cedar River Watershed (LC07), and South Fork Hay Watershed
(LCO6) contribute nearly 80% of the sediment loads to Tainter Lake as they have little or no

routing distance to the lake.
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The phosphorus loading from each watershed to Tainter Lake is also dependent upon the
routing distance of each watershed to the lake, however, other factors such as the soluble
fraction of total phosphorus in the runoff, point source loads, number of barnyards etc. play
an important role. Unlike the sediment loads, the majority of which are contributed by only
three watersheds, the majority of the phosphorus loadings to the Tainter Lake are distributed

across six of the seven watershed.

The phosphorus enrichment ratios in the Red Cedar River Basin, as indicated by the instream
monitoring conducted in the years 1990 and 1995, are very high when compared to the ratios
from other parts of the state. This is most likely a result of the long term application of

fertilizer and manure to the croplands in the basin.

The presence of excessive amounts of phosphorus in the top layers of cropland soils results in
very high phosphorus yields in the basin. The phosphorus exports in the Red Cedar River
Basin are considerably higher than those in the other parts of the state with similar sediment

loadings.

14. Recommendations

Based upon the conclusions of the study, the following actions are recommended.

1. The cropland soils in the basin be assessed for phosphoms enrichment, and fertilizer !
and manure application rates be controtled to avoid excessive\applicatioh of

phosphorus.

2. Land spreading from peint and nonpoint sources should be restricted to fields with the

least erodibility (with consideration of the areas identified in this study).

3 Best management practices for the control of upland erosion from cropland be

targeted towards the critical areas identified in this study.
4. To reduce sediment loadings to Tainter Lake the three watersheds, LC05, LC06 and

LCO7 be given the highest priority for BMP application as these three watersheds

contribute the majority of the sediment load.
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5. Additional monitoring be conducted at the two inlets to Tainter Lake for a minimum
period of two years to assist in developing representative long term loadings and

enrichment ratios in the Red Cedar River Basin,

6. All major lakes in the basin such as Red Cedar Lake, Long Lake, Chetek Lake and
Lake Chetac be monitored to develop a better understanding of the loadings to these

lakes and their trapping efficiencies.

7. Trading opportunities between point and nonpoint source should be explored as the
point sources represent a small fraction of the total phosphorus load in the basin. The
results of this study can be used to direct point/nonpoint source trades to areas with

the highest concentration of nonpoint sources of pollutants.
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Appendix 1.
Watershed Delineations
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South Fork Hay River (See Figure 2.)
Pine Creek & Red Cedar River

Lake Chetek
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Information Input Variables Definltlons Uniis Typlcal Whoera Information
and Format Range Is Olntalned
3. General data DA Basln area _S._». 1-5000 User specliies
10F8.3 P2 Ralnfall corractlon factor 5-1.5 "
BFF Baseflow factor 0-1 Table 1.4
BAT Basinlag time days 0-120 User speciiies’
FFC Initlal soll water storage as a fraction of field capaclty 0-1 .
4. Sub-basin centrold Xt X-centrold coardlnates of subbasins km 0-200 Usar specilies
coordinates YlJ Y-coordinatss of subbasing km 0-200 "
10F8.3
5.* General waatherdata TPS TP-40 10-yr traquancy 0.5 h ralnfall mm 5.0-150 Tabla ll.1
10F8.3 TP6 TP-40 10-yr Irequency 6.0 h rainfall mm 25-200 “
TP24 Number years record max 0.5 h raln 5-100 .
YLT Latitude of watershed : deg -90-80 "
6.* Temperalure data OBMX Average monthly maximum air temperature *C -10-42 Table 11.1
12F6.3 OBMN Averags monthly minimum alr temparature *C -30-30 "
VOBMX It MSIM = 4, avarage monthly maximum air tomporaturo  *C -10-42 "
VOBMN If MSIM = 4, avarage monthly minimum alr temperature  *C -30-30 N
CvT Coafficlent of varlation for monthly temperature 01 "
7.* Solar radlation data OBSL - Monthly average daily solar radlation ly 20-750 Tabla It.1
12F8.3
8.* Monthly ralnfalt data W) Monthly maximum 0.5 h ralnfall mm 0-125 Tabla .1
12F6.3
9.* Preclphatlon PRW(1) Monthly probabliity of wet day after & dry day 001-95 Table il.1
parameters . _
12F8.3 PRW(2) Monthly probabliity of a wet day after a wet day 01-95 R
WLV Days of preclpltation in a month . 0-N Usar speciflas
RST(1) Monthly mean of dally precipltation mm 0-500 Table 1.1
RST(2) Monthly standard deviation of dally preclphation mm .05-200 o
RST(3) Monthly skew coefficlent of dally precipltation 1-7 "

* These data wiil ba brought In with the GETWEAT command If automnatic entry is used.
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Information tnput Varlables Delinltions Unlts Typlcal Where information
and Format Range Is Obtalned
1358. Routlng data (sub- CHW2 Average channel width m 1-1000 Appendlx VI
basin to basin outlet} CHD Averaga channel depth m . 530 "
10F8.3 CHSS Channel slope m/m .0001-10 *
CHL2 Channal langth km .05-200 -
CHNN Channel n valua 01-3 Table 1.2
CHK2 Effactive hydraullc conductivity in channel alluvlum mm/hr 0-150 "
CHXK USLE sol! factor K for channel .05-.60 Appendix V
CHC USLE soll factor C for channe) 001-1 .
14SB. Pond data FP Fractlon of each subbasin that flows Into ponds 0-1 User spacHlas
10F8.3 SAX Total surface area of all ponds In each subbasin ha 0-1000 "
VMX Runolt volume from pond catchment area required to mm 0-100 "
flit empty ponds (depth-over the pond upsiream
dralnage area)
VM Inltlat pond volumes (depth over the pond upstream mm 0-100 "
dralnage area)
SEPP Seepage through dam Bu...n_% 0-300 -
CS initlal sediment concentration ppm 0-5000 -
CFP Normal sediment concentration ppm 0-5000 "
HG Hydraulle conductivity of pond bottoms mim/hr 0-1 "
158B. Resarvolr data FR Fractlon of each subbasln that flows Into ressmvolrs 0-1 User specliles
10F8.3 SAF Total reservolr surface area at emergsncy splilway ha 0-3000 “
VAF Runoff volume from reservalr catchment area required  mm 0-300 .
to lill emergancy splllway (depth over the reservolr
upstream dralnage area)
SAS Total reservolr surface area at principle splilway ha 0-1000 "
VRS Runoff required to flli to principle spillway {depth over mm 0-100 -
the upstream dralnage area)
VR Inltial reservalr volumes (depth over the reservoir mm 0-100 N
upstream dralnage area) S
" RAA Average principle splliway release rate mYysikm® 0.1 "
SEPD Sespage through dam Bu&..% 0-300 "
CSR Inltial sedlment cancentration In reservolrs ppm 0-5000 "
CFR Normal sedimant concentration In reservolrs ppm 0-5000 "
HCR Hydraulle conductivity of resesvolr bottoms mm/h 0-t .
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Information Inpust Variables Definltions Unlts Typlcal Where Inlormation
and Format Range Is Obtalned
198B. Cropdata NCR Number of crops In rotatlon 1-3 User spechles
14, F4.1 MO Month of planting mos 1-12 "
IDA Day of month of planting days 1-3t “
CNP New CN2 at planting 5-95 Tabte li).1
MOH - Month of harvest mos 1-12 User spechies
IDH Day of month of harvest days 1-1 "
CNH New CN2 at harvest 5-95 Table il1.1
314, 5F8.2 IRD Vegetatlon--1 =annual (crops), 2= perennial (forest, 1-2 .
range, meadow, etc.)
ITIL Code lor tllage operatlon--1 = fall plow, 2 = spring 14 -~
plow, 3 = conservation tillage, 4 = zero tage
LEG Legumes--1 = non-legumes, 2 =legumes 1-2 N
PHU Potentlal heat unlts G 500-3000 .
BE Blomass converslon factor kgiha e 10-50 "
m M)
WSYF Waler stress yleld facior .0-.2 "
H) Harvest index (potentlal) 01-85 .
CVvM Average annual C factor for subbasin .001-5 "
2F8.3 LAl Maximum LAl for sub-basin 5-7 “
RSD Initial resldue cover kg/a 0-20000 .
208B. Treatment data MON Month nltirogen and phosphorus applied mos -112 User specliies
614, 7F8.3 IDY Day nltrogen and phosphorus applled days 1-31 " :
FN Amount of nltrogen applied kg/ha 0-200 "
FPH Amount phosphorus applied kg/ha 0-200 “
215B. Treatment data MOT Month pesticlde data applled mog 1-12 User spocliies
6l4, 7F0.3, 14 IDD Day pesticide data applled days 1-31 " :
PA Amount o peslicide appllsd kgiha + 05 "
IPST Which pesticlde applled 1-10 “
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Information [nput Varlables Definitlons Units Typical Wherte Information
and Format Rangs Is Obtalned
Lake Water Quality
Lake water quallty CPEST1 Inltlat pest concentration BQBu 0-50000 User speclies
Separats lile VREAC Reactlon cosfficlent i/day  0-.10 “
wWOL Volatillzation coeficlent m/day 0-10 -
. VPART Partltion costiclent Su.ﬁmc 0-10 .
VSETL Settling velocity m/day 0-10 ”
VRSUP Resuspenslon velociy m/day 0-1 "
VMIX Mixing veloclty m/day 0-.10 .
CPEST2 Inltlat pesticlde concentratlon In bottom sediments mm/m®  0-50000 "
VREACT2 Reaction coefliclent 1/day 0-.10 -
VBURY Burlal veloclty miday 0-.10 -
DACT Deplh of activa sediment layer m 0-1 .
VSETLP Phosphorus settling rate m/day 0-1 "
PHOSL Inttial total phosphorus concentratlon in lake mgfL 0-50000 "
ISUBL Subbasins WX 10 use In lake balance 0-10 y
umw Average manthly wind speed amu 0-20 .
EFFLQ Average dally effluent low m/day  D-10000 .
EFFLT Average temperature of effiuent ‘C -6-90 "
FLOWT Average temperature of naturat inflow *C -6-50 “
D Average monthly dewpolnt temperature *C 645 N
TLAKE Inltlal lake temperature *C 645 "




Appendix 3.

Point Source Average Annual Loadings
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Appendix 4.
Sensitivity of Sediment and P Yields to Selected Inputs
to the SWRRWQ Model
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Sensitivity of Sediment and P Yields to Selected Inputs to the SWRRWQ Model.

Line No, Parameter Input Value Sediment Sed. Att. Soluble P
Yield P
t/ha t/ha kg/ha kg/ha
1 Soil 0.12. 1.12 0.21 0.21
2 Loss 0.20 1.83 0.40 0.21
3 Ratio C 0.28 2.81 0.61 0.21
4 Tillage Fall Plow 1.83 0.40 0.21
5 Operation Spring Plow  0.69 0.11 0.20
6 Reduced Till. 0.59 0.09 0.21
7 No-Till 0.57 0.09 0.21
8 Manningn  0.10 1.85 0.40 0.21
9 (Overland 0.15% 1.83 0.40 0.21
10 flow) 0.20 1.81 0.40 0.21
11 CN After 74 0.84 0.16 0.12
12 Planting 79 1.26 0.25 0.16
13 84* 1.83 0.40 0.21
. 14 USLEK 0.30 1.48 0.32 0.17
15 Erodibility 0.34 1.68 0.37 0.19
16 0.37% 1.83 0.40 0.21
17 Initial 1000 2,00 0.43 0.21
18 Residue 4484* 1.83 0.40 0.21
19 Cover 8750 1.68 0.39 0.21

* = Standard conditions for corn, corn, oats/alfalfa, alfalfa, alfalfa, alfalfa crop sequence
on Kewaunee silt loam soil, with 4% slope about 45 m long. The field is plowed in the
fall with conventional tillage. Input organic-P = 145 kg/ha, input labile-P = 30 g/m®, and
fertilizer-P = 46 kg/ha,



