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Predicting Non Point Source PollutionPredicting Non Point Source Pollution
Paths Paths 

For Locating Best Management Practices ?For Locating Best Management Practices ?
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GlacialGlacial--depressionaldepressional environments comprise large portionsenvironments comprise large portions
of the developed Great lakes region.  These environments pose a of the developed Great lakes region.  These environments pose a 
challenge for P and sediment TMDL modeling because of the challenge for P and sediment TMDL modeling because of the 
complex nature of surface flow paths.complex nature of surface flow paths.

SWAT MODEL OF A MILL CREEK TRIBUTARYSWAT MODEL OF A MILL CREEK TRIBUTARY

WOULDNWOULDN’’T IT BE NICE TO BUFFERT IT BE NICE TO BUFFER

ONLY THOSE STREAM SEGMENTS THATONLY THOSE STREAM SEGMENTS THAT

ACTUALLY RECEIVE PHOSPHOROUS ?ACTUALLY RECEIVE PHOSPHOROUS ?

BrenBren (1998, 2000)(1998, 2000) theoretically showed throughtheoretically showed through
flowpathflowpath considerations that loads per unit streamconsiderations that loads per unit stream
length are highly variable.length are highly variable.

-- Higher order stream segments receive lessHigher order stream segments receive less
-- Tributary junctions are sensitive to loadsTributary junctions are sensitive to loads

MODELS THAT INCORPORATE TOPOGRAPHICMODELS THAT INCORPORATE TOPOGRAPHIC
INFORMATIONINFORMATION

Weighted Flow AccumulationWeighted Flow Accumulation
Richards and Campbell (2002)Richards and Campbell (2002)

TopmodelTopmodel
BevenBeven and and KirkbyKirkby (1979)(1979)

TopmodelTopmodel –– Loading coefficientsLoading coefficients
EndrenyEndreny and Wood (2003)and Wood (2003)

AnsforAnsfor
Thomas and Beasley (1986)Thomas and Beasley (1986)

OBJECTIVESOBJECTIVES

1) 1) Run the weighted phosphorous accumulation Run the weighted phosphorous accumulation 
Model (Model (Richards and Campbell, 2002Richards and Campbell, 2002) for Black Creek) for Black Creek
to identify phosphorous transport paths capable ofto identify phosphorous transport paths capable of
reaching Black Creekreaching Black Creek

2) Evaluate the accuracy of the model in locating 2) Evaluate the accuracy of the model in locating 
significant streamlines and tributary junctionssignificant streamlines and tributary junctions

3) Collect field data on some of these overland3) Collect field data on some of these overland
P P flowpathsflowpaths to determine the following:to determine the following:

Was the transport path presentWas the transport path present ??

Do model rankings between p transportDo model rankings between p transport
paths agree with field data.paths agree with field data. ??

STUDY AREASTUDY AREA

Agricultural in the westAgricultural in the west

Urbanizing in the eastUrbanizing in the east
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Long history of settlementLong history of settlement THE MODEL

Digital Elevation ModelDigital Elevation Model
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Digital Elevation ModelDigital Elevation Model
FLOW ACCUMULATION GRIDFLOW ACCUMULATION GRID

FLOW ACCUMULATION GRID WEIGHTED BYFLOW ACCUMULATION GRID WEIGHTED BY
TOTAL PHOSPHEROUS LOAD FROM EACH CELLTOTAL PHOSPHEROUS LOAD FROM EACH CELL

CALCULATING PHOSPHOROUS LOADCALCULATING PHOSPHOROUS LOAD

FLUX = CONC * RUNOFFFLUX = CONC * RUNOFF

FLUX, FLUX, phosphorous load (g/day)phosphorous load (g/day)

CONC, CONC, Event mean Event mean concconc ((g/volg/vol))

RUNOFF, RUNOFF, runoff (runoff (volvol/day)/day)
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MODEL OUTPUTMODEL OUTPUT

2) Identify channel segments by classifying cells with 2) Identify channel segments by classifying cells with 
high threshold flow accumulation values.  Differenthigh threshold flow accumulation values.  Different
values are values are itterativelyitteratively run to obtain the modeled streamrun to obtain the modeled stream
network that is closest to the true length of stream networknetwork that is closest to the true length of stream network
and has the same structure.and has the same structure.

!.!.

1)  Identify transport paths on the hill slope by 1)  Identify transport paths on the hill slope by colorcodingcolorcoding
only those cells that receive large phosphorous fluxesonly those cells that receive large phosphorous fluxes..
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Objective 2Objective 2 Evaluate the accuracy of the modelEvaluate the accuracy of the model
for locating flow center lines.for locating flow center lines.

MODEL VERIFICATIONMODEL VERIFICATION

1:24,000 1:24,000 hydrographyhydrography for verificationfor verification

Optimal thresholdOptimal threshold
2.22.2

Stream length Stream length 
99.2% of actual99.2% of actual

87.5% of 187.5% of 1stst orderorder
Streams Streams represenmtedrepresenmted

100% of 2100% of 2ndnd, 3, 3rdrd andand
44thth order streamsorder streams

RESULTSRESULTS
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Pseudo stream

Modeled stream centerlines

Stream missing

Stream present

Types of errors:Types of errors:

1)1) Missing (whole) stream segmentsMissing (whole) stream segments
2)2) Whole stream segments present in the model butWhole stream segments present in the model but

not in nature. not in nature. 
3)3) Extension errorsExtension errors
4)4) Lateral displacement of stream segmentsLateral displacement of stream segments

4 0 4 8 Miles
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LATERAL DISPLACEMENT ACCURACYLATERAL DISPLACEMENT ACCURACY
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95% of modeled stream 95% of modeled stream centroidscentroids are withinare within
300 feet of the actual stream300 feet of the actual stream

#Y#Y
#Y

#Y

#Y#Y
#Y

#Y

#Y
#Y
#Y

#Y

#Y

#Y

#Y

#Y

#Y

#Y#Y#Y

#Y

#Y

#Y

#Y#Y

#Y#Y#Y

#Y#Y
#Y

#Y #Y

#Y
#Y

#Y

#Y#Y

#Y#Y

#Y#Y

200 0 200 400 600 800 Feet

57 TRIBUTARY JUNCTIONS EVALUATED57 TRIBUTARY JUNCTIONS EVALUATED

Junction probability as a function of 
distance
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95% of the junctions are within 885 feet95% of the junctions are within 885 feet
of the actual junctionof the actual junction
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Objective 3  Objective 3  Field Assessment of Overland RunoffField Assessment of Overland Runoff
Flow PathsFlow Paths
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FIELD VERIFICATIONFIELD VERIFICATION

Runoff Collectors used in the studyRunoff Collectors used in the study
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Overland Runoff qualitatively measured in three Overland Runoff qualitatively measured in three 
Categories:Categories:

1)  Runoff less than 3.8 liters (accurate).1)  Runoff less than 3.8 liters (accurate).

2) Runoff greater than 3.8 liters, but not flowing2) Runoff greater than 3.8 liters, but not flowing
when the collector was sampled.  Volumewhen the collector was sampled.  Volume
estimated to be equivalent to the volume of theestimated to be equivalent to the volume of the
runoff collector plus the volume of the hole.  runoff collector plus the volume of the hole.  

3) Runoff greater than 3.8 liters and still3) Runoff greater than 3.8 liters and still
flowing.  Runoff estimated to be the measuredflowing.  Runoff estimated to be the measured
flow integrated over a 24 hour period. flow integrated over a 24 hour period. 

*Except for the first category these are all underestimates*Except for the first category these are all underestimates

Runoff Metrics EvaluatedRunoff Metrics Evaluated

Approximate volume of overland flow and total phosphorous
Mean concentration of phosphorous
Frequency of active overland flow

Catchment area associated with the runoff collector
Depression Storage
Soil moisture changes after the event
Duration of ponding after the event
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FIELD RESULTSFIELD RESULTS

The model predicted the presence of the largerThe model predicted the presence of the larger
overland flow paths reasonably, however it wasoverland flow paths reasonably, however it was
inaccurate on:inaccurate on:

-- The precise locationThe precise location

-- Whether the Whether the flowpathflowpath was was hydrologicallyhydrologically
connected to the Black Creekconnected to the Black Creek --

IN FACT,  more was learned by what the modelIN FACT,  more was learned by what the model
DID NOT predict.DID NOT predict. !.
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BYRON ROAD SITESBYRON ROAD SITES
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711.5-1.9No LoadCasswell N

1011.5-2.7No LoadRte 20 S

410-0.7-4.1Searls

29-0.4-2.8Casswell SW

5.58-1.4-2.6Rte 33

37-0.5-2.4Byron West

8.56-2-2.1Casswell S

8.55-2-1.2Clipnock Rd 

64-1.7-1.1Byron East

13-0.3-0.7Casswell NW

92-2.40Rte 20 N

5.51-1.41.5Paul Rd 

ModelFieldModelled g/dayField g/dayName

RANKSLog Phosphorous fluxSite

FIELD RESULTSFIELD RESULTS While the P transport model was very useful in theWhile the P transport model was very useful in the
field for identifying sites of enhanced overlandfield for identifying sites of enhanced overland
runoff, it does not always identify the right locationrunoff, it does not always identify the right location
and whether the runoff is and whether the runoff is hydrologicallyhydrologically connected.connected.

Technical issues that still need to be overcome beforeTechnical issues that still need to be overcome before
These models can really be used for onsite BMPThese models can really be used for onsite BMP
Decisions:Decisions:

Resolution of the DEM (still too large)Resolution of the DEM (still too large)

Historic changes to topography made by humansHistoric changes to topography made by humans
(road (road bermsberms, stream re, stream re--routing) that are not reflectedrouting) that are not reflected
in the DEMin the DEM

Location and extent of TILE drains which canLocation and extent of TILE drains which can
modify or exaggerate surface flow paths   modify or exaggerate surface flow paths   

CONCLUSIONSCONCLUSIONS

Model Accuracy for identifying overland flowModel Accuracy for identifying overland flow
Paths : 300 feetPaths : 300 feet

Model Accuracy for identifying stream junctions:Model Accuracy for identifying stream junctions:
885 feet (downstream bias)885 feet (downstream bias)
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