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• The Skagit Delta is a product of sediment, mostly supplied by the Skagit
River—any rerouting of flows within the delta will involve sediment  
redistribution

• Many issues with sediment, the main issue may be the destruction of eelgrass
beds by sediment burial.  The eelgrass beds are an important salmon habitat.

• We don’t have a good handle on the sediment budget or the distribution
patterns of sediment deposition on the delta or in the near shore area.

• Previous to water years 2006 and 2007, sediment data has been limited to
random samples collected near Mt Vernon during water quality sampling and
have generally occurred during relatively low flows (all less than 43,000 ft3/s). 
The highest rates of sediment transport occurs during high flows (maximum
daily discharge water year 1941-2007 was 141,000 ft3/s) and these had not
been sampled.

• No data on bedload transport are available.

• Loss of wetlands is primarily due to conversion
to agriculture by the construction of levees and
the elimination of distributary channels

• 25,766 acres in 1860’s, now 1,941 acres 

From: Greene, C. M. and E. M. Beamer. 2004. Monitoring population responses by Skagit River 
Chinook salmon to estuary restoration: Proposal to the State of Washington as part of its Intensively 
Monitored Watersheds Program

An accumulation rate of about 6 cm/yr, which is 10 
to 100 times higher than long-term Holocene rates  

From Grossman (2005) Deltaic habitats in Puget Sound—natural versus 
human-related change.

• How representative are the available suspended sediment data of
long-term sediment loading? (more storm sampling, continued
sampling at Mt. Vernon)

• How much bedload is moving down the river? (bedload sampling)
• What are the sources of sediment? (geomorphology study)
• What are the sediment rates in the delta and have they changed with
changing land use? (core samples)

• What happens to the sediment after Mt. Vernon?  (collect sediment
samples in the North and South Forks)

• How will reconnection of distributaries and levee breeches alter
sedimentation or wetland loss or gain? (sediment circulation model at
a large scale)

• Where does the sediment go once it is in the Skagit Bay? (sediment 
circulation model at a small scale)

Suspended sediment collected at 
USGS-operated gage near Mt. Vernon

Sediment Station at the Skagit River near Mt. Vernon, WA

Pump Samplers, 
• one takes daily samples
• one is event driven

Pump Sampler Intakes Pump Sampler Unit
•designed for quick  removal in
case of high water

•Streamgage shelter  in upper left

Suspended sediment is not uniformally 
distributed in the river’s cross section.  A 
representative sample of the mean 
suspended sediment is collected at a 
series of verticals across the cross section 
at Equal Discharge Intervals (EDI) with a 
depth-integrated sampler such as the 
D-74 sampler shown below: 

These EDI samples are used to adjust the pump samples with a “box 
coefficient” to estimate the mean suspended sediment of the river.  The 
hydrographer uses the station’s discharge record and the daily or 
sometime twice daily adjusted pump-sampling data to compute a daily 
and annual suspended load for the river.  The Graphical Constituent 
Loading Analysis System (GCLAS) computer program is used to 
produce the record (a screen shot of the program is shown below)

EXPLANATION

X Estimated concentration value

∆ Suspended sediment point sample

Stream discharge in ft3/s

Suspended sediment conc. in mg/l 
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The U.S. Army Corps of Engineers funded an effort to collect 
suspended sediment during a high-flow event on the Skagit R. nr 
Mt Vernon in WY 07 to better define the sediment transport 
curve for higher flows.  A large November ’06 peak was sampled 
5 times over a two-day period.  

y = 1E-07x2 + 0.0055x
R2 = 0.7477
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Results from all the EDI samples were fitted with a polynomial 
equation to estimate a general transport curve for suspended 
sediment for the Skagit River near Mt. Vernon.  
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Calculated from regression equation

Calculated from GCLAS and pump-sample data

The transport curve was applied to the record of daily discharge from 
water year 1941 through 2007 and an annual load was computed.  Note 
the comparison with the annual load computed with GCLAS using 
daily and twice daily pump samples for WY 2007.  

Annual Suspended Sediment Load
Skagit River near Mt. Vernon, Sta. No. 12200500

Annual Load 
Million Tons

Annual Load
Million Cubic Yards

Water 
Years

Average 3.049 2.202 1941 -
2007

Minimum 0.825 0.825 2001

Maximum 7.988 7.988 1991

Percent of the Suspended Sediment Load Transported during 
Selected Discharge Ranges

Mean Daily Discharge 
Range, ft3/s

Percent 
of time 
in range

Average 
Sediment 

Concentration 
in mg/l

Average 
Annual Load, 

in Tons

Percent of 
Annual 
Load

5,000 – 8,000 10.6 40 27,200 0.8

8,000 – 10,000 11.5 58 58,560 1.7

10,000 – 15,000 30.2 84 314,130 9.3

15,000 – 20,000 23.1 127 504,990 15.0

20,000 – 30,000 17.4 200 856,810 25.4

30,000 – 50,000 6.22 380 927,990 27.5

50,000 – 75,000 0.93 734 419,780 12.5

75,000 – 100,000 0.13 1247 135,670 4.0

100,000 – 130,000 0.03 1955 63,130 1.9

130,000 – 150,000 0.02 2730 61,320 1.8

Mark Mastin, James Schwartzenberger and Greg Perry
Washington Water Science Center
Tacoma, Sedro Woolley, and Spokane
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