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Purpose:

This project stems from an effort to create a nutrient
budget for Spirit Lake to better understand the enhanced
primary production taking place with in the shallow
shorelines of the South end of the lake. Research done at
Spirit Lake takes place in the summer months, spanning
from June to September. According to the USGS lake level
data the average flow of the summer months is a good
representation for the annual flow. However only
accessible, running streams are sampled. To better
understand the nutrient budget of the Spirit Lake
Watershed, it is useful to model the total annual Surface
Water flows and nutrient loads.

*If Surface Water flow is proportional to drainage basin
area, then flow can be modeled by basin area.

Objective:

To develop drainage basin areas to annualize total flow
and nutrient loads.
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Methods:

* A Flow Direction layer was created by imputing a surface raster of the

Spirit Lake Watershed area.

*Drainage Basins were then created by imputing the Flow Direction

layer.

*Select by Location was utilized to extract only the basins flowing into

Spirit Lake.

*To gage accuracy, the Flow Accumulation tool was used revealing

streams.

*Collected data points matched up with created stream locations.
*Measured flow data and sampled nutrient data for each sampled

stream was averaged.

*A calibration curves were created (ex. basin area vs. average stream
flow), outliers were discounted and the resulting formula was applied to

the remaining un-sampled basins.

* Calibration curves were created for nutrient loads, outliers were

discounted and the resulting formula was applied to the remaining

basins.

*A Plant Cover raster layer was imported, and made into a polygon layer.
*From the Plant Cover data and basin area, percent plant cover was

Results:

Annualized Surface Water Flow
for the Spirit Lake Watershed

Spirit Lake
Annualized Flow

mA3 per year

|| 2.415068 - 2887.671551

|| 2887.671552 - 10260.829902
|| 10260.829903 - 27329.518027
] 27329.518028 - 58763.839675
I 55763.839676 - 100531.316405
I 100531.316406 - 182054.137322
I 182054.137323 - 473534.619054
I 473534.619055 - 1205261.463065
I 1205261.463066 - 3088322.039952
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Discussion:

Annualized Nitrogen Flow
for the Spirit Lake Watershed

Annualized Phosphorus Flow
for the Spirit Lake Watershed

Spirit Lake
Annualized Nitrogen Flow
Kg per year

| 0.001216 - 1.453781

| | 1.453782-5.165753
|| 5165754 - 12.926481
|| 12.926482 - 23.816698
I 23816699 - 60.887384

B 60.887385 - 121.247419

B 121.247420 - 238.398170

I 238.398171 - 452.254250
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Spirit Lake
Annualized Nitrogen Flow
Kg per year

] 0.000111-0.203503

| | 0.203504- 0.909412
| 0.909413-2.165154
[ 2165155 - 4.165277
B 4165278 - 10.373202

B 10373203 - 21.672561

B 21672562 - 41.114023

B 41.114024 - 116268792
3,200 Meters

0 800 1600 I 116268793 - 245495513

*Nutrient inflows are greater than outflows and this difference maybe similar to

what is held in the lake.

Differences could be attributed to sediments, plants, amphibians, insects.....
*There is a relationship between plant cover and nutrient load per basin.

Assumptions:

*Average Summer Surface Water Flows and Nutrient Concentrations are a good

representation of yearly flow.

*Ground Water Nutrient Concentration are homogeneous with in the watershed.

South Shoreline data is representative of the watershed.

Future Work:

*Collect a more complete set of Surface Water flows.
* Insert wells in more locations

*Find a formula to calculate Ground Water Flow from well head measurements.
*Find the absorption rate plant groups and apply plants uptake to nutrient load.

Insects A

TN: 1127 Kg/Year
TP: 94 Kg/Year

Amphibians

tm Deposition

Tunnel Qutflow

TN: 35749 Kg/Year
TP: 1098 Kg/Year

Streams

TN: 6216 Kg/Year
TP: 749 Kg/Year

Groundwater

TN: 41093 Kg/Year
TP: 1988 Kg/Year

Sediments
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Percent Plant Cover
| 0.000000 - 16.551353

. | 16.551354-
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100.000000
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