
Sediment Monitoring Sediment Monitoring 
Techniques and ProtocolsTechniques and Protocols

CBDA Coarse Sediment CBDA Coarse Sediment 
Augmentation WorkshopAugmentation Workshop

July 14, 2004July 14, 2004



Monitoring ObjectivesMonitoring Objectives

Implementation Monitoring:Implementation Monitoring:
Document asDocument as--built conditionsbuilt conditions

Effectiveness Monitoring:Effectiveness Monitoring:
Document whether/to what extent project Document whether/to what extent project 
objectives were metobjectives were met



Monitoring Strategies:Monitoring Strategies:
One Size Does Not Fit AllOne Size Does Not Fit All
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Hypothetical Case StudyHypothetical Case Study



Objectives/HypothesesObjectives/Hypotheses
Introducing coarse sediment finer than the existing bed Introducing coarse sediment finer than the existing bed 
surface (i.e., with a Dsurface (i.e., with a D8484 that is mobilized by the Qthat is mobilized by the Q1.51.5) at a ) at a 
rate equal to predicted annual transport will …rate equal to predicted annual transport will …

Increase the volume of alluvial sediment storage in the Increase the volume of alluvial sediment storage in the 
channel;channel;

Result in fining of the bed surface at and downstream of Result in fining of the bed surface at and downstream of 
the introduction site;the introduction site;

Reduce the bed mobilization and scour threshold;Reduce the bed mobilization and scour threshold;

Increase sediment transport rates; andIncrease sediment transport rates; and

Reduce the relative volume of fine sediment (<2 mm) in Reduce the relative volume of fine sediment (<2 mm) in 
the bed.the bed.



Hypothesis 1:Hypothesis 1:
Increase the volume of alluvial Increase the volume of alluvial 

sediment storage in the channelsediment storage in the channel

Aerial photographsAerial photographs
Topographic surveysTopographic surveys
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1937



Low Altitude Aerial Low Altitude Aerial 
Photographs and Photographs and 

Small Channels with Small Channels with 
Dense CoverDense Cover



Topographic Surveys:  Topographic Surveys:  
Cross Sections and ProfilesCross Sections and Profiles



Recommended gravel introduction morphology at Cross Section 878+25. 
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11/22/99 Ground surface

Ground surface after gravel introduction
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Left bank looking downstream Right bank

Recommended gravel introduction morphology at Cross Section 891+80.
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Peltier Valley Bridge longitudinal profile showing recommended gravel introduction morphology
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Topographic Surveys:  Topographic Surveys:  
Contour MappingContour Mapping



Hypothesis 2:Hypothesis 2:
Result in fining of the bed Result in fining of the bed 

surface at and downstream of surface at and downstream of 
the introduction sitethe introduction site

Pebble CountsPebble Counts
FaciesFacies MappingMapping
IsohyetalIsohyetal MappingMapping



Pebble CountsPebble Counts



FaciesFacies Mapping with Pebble CountsMapping with Pebble Counts

Source: Stillwater Sciences



Pebble Count # 1
Longitudinal Profile Station 435
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Pebble Count # 2
Longitudinal Profile Station 417
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Pebble Count # 3
Longitudinal Profile Station 717

0

10

20

30

40

50

60

70

80

90

100

1 10 100 1000

Grain size (mm)

C
um

ul
at

iv
e 

%
 fi

ne
r

Pebble Count # 4
Longitudinal Profile Station 1,005
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Pebble Count # 1
Longitudinal Profile Station 435
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Pebble Count # 2
Longitudinal Profile Station 417
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Pebble Count # 2
Longitudinal Profile Station 417
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Pebble Count # 3
Longitudinal Profile Station 717
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Pebble Count # 3
Longitudinal Profile Station 717
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Pebble Count # 4
Longitudinal Profile Station 1,005
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Pebble Count # 4
Longitudinal Profile Station 1,005

0

10

20

30

40

50

60

70

80

90

100

1 10 100 1000

Grain size (mm)

C
um

ul
at

iv
e 

%
 fi

ne
r



IsohyetalIsohyetal MappingMapping



Hypothesis 3:Hypothesis 3:
Reduce the bed mobilization Reduce the bed mobilization 

and scour thresholdsand scour thresholds

Tracer rocksTracer rocks
Scour coresScour cores
Scour chainsScour chains



TracerTracer RocksRocks



Interpreting Tracer Rock ResultsInterpreting Tracer Rock Results



Tracer Rock OptionsTracer Rock Options

LITHOLOGY PAINT

MAGNETS/
RADIOTRANSMITTERS



Scour CoresScour Cores



Hypothesis 4:Hypothesis 4:
Increase sediment transport ratesIncrease sediment transport rates

HelleyHelley--Smith samples Smith samples 
Sediment trapsSediment traps
ReachReach--specific sediment budgetsspecific sediment budgets



Transport SamplingTransport Sampling



Transport SamplingTransport Sampling
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Predicting PrePredicting Pre-- and Postand Post--augmentation augmentation 
Transport RatesTransport Rates

Igo Gaging Station coarse sediment (> 8 mm) transport capacity rating curves  compared to 
1998 bedload transport measurements.
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Calibrating/Testing Sediment Calibrating/Testing Sediment 
Transport ModelsTransport Models



ReachReach--specific Sediment Budgetsspecific Sediment Budgets

I I –– S = OS = O

Can combine Can combine 
transport transport 

monitoring with monitoring with 
detailed detailed 

topographic topographic 
surveys to surveys to 

document total fluxdocument total flux



Hypothesis 5:Hypothesis 5:
Reduce the relative volume of fine Reduce the relative volume of fine 

sediment (<2 mm) in the bedsediment (<2 mm) in the bed

PermeabilityPermeability
Bulk SamplesBulk Samples



PermeabilityPermeability



Spatial Variability in PermeabilitySpatial Variability in Permeability



Spatial Variability in PermeabilitySpatial Variability in Permeability



Bulk SamplingBulk Sampling



Issues/Parting ThoughtsIssues/Parting Thoughts

One Size Does Not Fit All One Size Does Not Fit All 

Good experimental design  (i.e., spatial variability:  need to Good experimental design  (i.e., spatial variability:  need to 
understand sampling required for the desired analytical power)understand sampling required for the desired analytical power)

Need for adequate baseline data and/or control sitesNeed for adequate baseline data and/or control sites

Must be thresholdMust be threshold--driven (rather than calendardriven (rather than calendar--driven) … funding driven) … funding 
cycles?cycles?

Expect to require many years of effectiveness monitoring to testExpect to require many years of effectiveness monitoring to test a a 
sufficient range of flowssufficient range of flows

Need for good field data to test physicalNeed for good field data to test physical--process models … test process models … test 
models of linkages between physical processes and biotic models of linkages between physical processes and biotic 
responsesresponses
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Conceptual framework of geomorphic and Conceptual framework of geomorphic and 
biotic relationships on alluvial riversbiotic relationships on alluvial rivers
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Clear Creek below Whiskeytown Dam coarse sediment transport capacity curves 
under existing bed surface conditions and under simulated gravel transfusion 

conditions
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