URBAN NON-POINT SOURCE IMPACTSON SEATTLE
AREA STREAM PHOSPHORUS TRANSPORT

Benjamin O. Brattebo, MicaelaE. Ellison, Sara E. Stanley,
Giorgios B. Arhonditsis & Michael T. Brett

Department of Civil & Environmental Engineering,
Box 352700, University of Washington,
Seattle, WA 98195.



Outline:

» L and cover impactson the central tendency in stream water
nutrient concentrations



Outline:

» L and cover impactson the central tendency in stream water
nutrient concentrations

»Longterm trendsin urban stream nutrient concentrations



Outline:

» L and cover impactson the central tendency in stream water
nutrient concentrations

»Longterm trendsin urban stream nutrient concentrations

» Flow, seasonal and land cover impacts on daily phosphorus
transport and speciation



Outline:

» L and cover impactson the central tendency in stream water
nutrient concentrations

»Longterm trendsin urban stream nutrient concentrations

» Flow, seasonal and land cover impacts on daily phosphorus
transport and speciation

» Storm event impacts on phosphorustransport for different
land cover type streams



Outline:

» L and cover impactson the central tendency in stream water
nutrient concentrations

»Longterm trendsin urban stream nutrient concentrations

» Flow, seasonal and land cover impacts on daily phosphorus
transport and speciation

» Storm event impacts on phosphorustransport for different
land cover type streams

» Flow and land cover impacts on the bioavailability of phosphorus



How much does phosphorus
transport differ in Seattle area

urban and forest streams? S
SCAL ES: Long term
(decadal), seasonal (monthly),
Inter-annual (daily), and
event based (hourly).
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» Seattle forest streams have similar
TP/SRP concentrations as forest
streams in a national database

» Seattle urban streams have about 50%
as much phosphorus as typical
agricultural streams
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» Seattle urban streams have about 50%
as much phosphorus as typical
agricultural streams

» Sedttle forest streams have 150%
more DIN than typical forest streams,
but smilar TN
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» Seattle forest streams have similar
TP/SRP concentrations as forest
streams in a national database

» Seattle urban streams have about 50%
as much phosphorus as typical
agricultural streams

» Sedttle forest streams have 150%
more DIN than typical forest streams,
but smilar TN

» Seattle urban streams have about 35%
as much nitrogen as typical
agricultural streams



Averaged Changein SRP Concentrationsfor the most urban Seattle
area streams (T hornton, Juanita, McAleer, Lyon, Forbes, Kelsey)

Urban stream SRP concentrations Urban stream nitrate concentrations
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BM Ps, human behavior, catchment surface distur bance?



An Annua Time Series of Stream

Swamp Creek

Phosphorus Transport
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to collect a high resolution stream phosphorus
concentration database in order to develop statistical time
series models of stream phosphorus transport.

» Seasonal term
» Spikeness term
» Antecedent term
» Rainfall term




North Creek
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SRP was on average 48% of TP



Soluble reactive phosphorus times series
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Study sites

e Four watersheds
— Agriculture, 392 ha
— Urban, 123 ha
— Forested, 497 ha
— Suburban, 197 ha

« All sampling sites were within Green-Duwamish River
watershed



Forested Stream
200 Flow (L/s)

1757
1507
1257
1007
757
507
257

0 I e — — — T

0 10 20 30 40
Time (hrs)




Forested Stream

200"
1757
1507
1257
1007
757
507
257

350
- 300
- 250
- 200
- 150
100

0 I e — — —

0 10 20 0]
Time (hrs)

40

Flow (L/s)
TSS (mg/L)



Forested Stream

200"
1757
1507
1257
1007
757
507
257

350
- 300
- 250
- 200
- 150
100

0 I e — — —

0 10 20 0]
Time (hrs)

40

Flow (L/s)
TSS (mg/L)
Tot. P (ug/L)



Forested Stream

200"
1757
1507
1257
1007
757
507
257

350
- 300
- 250
- 200
- 150
100

0 I e — — —

0 10 20 0]
Time (hrs)

40

Flow (L/s)
Tot. P (ug/L)
Tot. Diss. P (ug/L)



Forested Stream

200"
1757
1507
1257
1007

757 —
50-
25

350
- 300
- 250
- 200
- 150
100

0 I e — — —

0 10 20 0]
Time (hrs)

40

Flow (L/s)
Tot. Diss. P (ug/L)
Cond. (uS/cm)



Urban Stream

250" Flow (L/S)

200"
1507

1007

507

OI_I_I_I_I_|

O 10 20 30 40 50 60
Time (hrs)



Urban Stream

250"

200"

1507

1007

507

A

|

|

- 250

- 200

- 150

- 100

O-F P | ‘#‘ |

0

10 20 30 40 5
Time (hrs)

0 60

Flow (L/s)
TSS (mg/L)



Urban Stream

250"

200"

1507

1007

507

A

- 250

- 200

- 150

- 100

O-F P | #‘ |

0

10 20 30 40 5
Time (hrs)

0 60

Flow (L/s)
TSS (mg/L)
Tot. P (ug/L)



250"
200"
1507
1007
TDP first
flush 0 —"

Urban Stream

OI_I_I_I_I_l

0

- 250

- 200

- 150

- 100

10 20 30 40 50 60
Time (hrs)

Flow (L/s)

Tot. P (ug/L)
Tot. Diss. P (ug/L)



Urban Stream

250"

200"

1507

1007

507

OI_I_I_I_I_|

0

- 250

- 200

- 150

- 100

10 20 30 40 50 60
Time (hrs)

Flow (L/s)
Tot. Diss. P (ug/L)
Cond. (uS/cm)



Agricultural Stream
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Sampling Matrix

Two Flow States:

Baseflow
Storm

Four Land Types.
Forested
Urban
Agricultural
Mixed

» Collected one of each flow state per site
» Sampled 3-5 streams per land type
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Average increase

of 24 + 26%
during storms
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» Part. P increases by 610%
» Tot. Pincreases by 200%
» Tot. Diss. Pincreases by 24%

»BUT Tot. BAP only increases by 72%



> |t Is easy to characterize the between and within stream
TDP dynamics

>t isgeneraly agreed that TDP is nearly 100% bioavailable

»Variation in stream particulate P concentrations is very
difficult to predict

» The bioavailability of PP increased with urbanization during
Baseflows and declined during storms

»Tot. BAP (= TDP + PP*%BAPP) only increase 74% during
storms,whereas P increases 710%
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