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Assumptions of Stream Simulation Channel 
Design at Road-Stream Crossings

• Simulate natural channel characteristics
– Bankfull cross section shape and dimensions 

– Channel slope and spacing of bedforms

– Channel-bed material and structure

• Geomorphic context
– Design channel matches adjacent “undisturbed” channel

– Design channel dynamically maintained for a wide range 
of flows

• Ecological context
– Design channel is no more of a challenge to aquatic 

organism movement than the adjacent natural channel

Example of a 
Stream 

Simulation 
Design Channel
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Talk Objectives

• Demonstrate the importance for 
implementation monitoring to assess how 
well stream simulation channel designs 
were executed

• Evaluate channel responses and 
adjustments through and within the vicinity 
of the crossing after late fall and winter 
floods

Stevens 
Creek

Newbury 
Creek

Site Map, Olympic National Forest

Salmon Trib
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Methods
• Pre-construction channel cross sections were 

surveyed, a thalweg longitudinal profile was 
surveyed, and pebble counts of the bed material 
were collected

– Used to design the stream simulation channel
• Post-construction channel cross sections were 

surveyed, a thalweg longitudinal profile was 
surveyed, and pebble counts of the bed material 
at each cross section were collected

– Used to assess how well channel design 
specifications were implemented

– Provides a baseline for assessing channel 
responses following floods

Methods
• Repeat cross section measurements were 

collected several times in the first year 
following most high flows

– 8 to 10 cross sections per site
– each cross section is monumented

• After late Fall and Winter floods, channel 
cross sections were resurveyed, a thalweg
longitudinal profile was resurveyed, and 
pebble counts of the bed material at each 
cross section were collected
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Measurements
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Newbury Creek, Olympic National Forest

Upstream Channel

Downstream Channel

Pre-Construction Site Data
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Pre-Construction 
Site Data

Newbury Creek, Pre-Construction  
Channel-Bed Data

Sample 
Location

D5 
(mm)

D16 
(mm)

D50 
(mm)

D84 
(mm)

D95 
(mm)

XS3 14 28 74 128 148

XS5 7 15 58 155 223

XS9 10 24 71 163 275

rock weir 265 375 460 630 720
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Newbury Creek, Pre-Construction 
Longitudinal Profile and Design
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Newbury Creek, Pre-Construction 
Longitudinal Profile and Design
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Newbury Creek, Channel-Bed Design

Large woody debris structure; 
See Sheet 10, Note 5 

USDA Forest Service
Olympic National Forest
Pacific Ranger District

  Newbury Creek Culvert 
Replacement

  Channel-bed Design
  3/14/2004

  Dan Cenderelli

Project:

Subject:
Date:
Design by:

flow 
direction 

low flow
channel

boundary 

Sheet 9 of 23
Stream Simulation Drawing (Newbury)

Figure 4.  Longitudinal profile of transverse ribs, bank particle clusters, 
channel particle clusters, and rock spurs showing the imbrication of the 
channel rocks against one another and embeddedness of the channel rocks  
into the underlying channel sediment or bedrock. The channel rocks should 
be embedded into the underlying sediment or bedrock by 50%; only 50% of 
the rock should project from the channel-bed surface.  

 Note:  This diagram is not to scale. 

Table 705-5, .  Stream-
bed simulation rock, bed class 6-D.

SPS 705.07F1

Percent 
Passing

100
84
50
16

<10

Particle
Diameter (mm)

362
181
91
32

1-10

channel 
rock

channel-bed 
sediment 

or bedrock

flow 
direction 

Channel Rock 
(individual 

particle)

Channel Rock 
(b ; 
See Sheet 10, 
ank particle cluster)

Note 3
Channel Rock 
(rock spur ; 

See Sheet 10, 
)
Note 3 

Channel Rock 
(channel particle cluster)

Note 3
; 

See Sheet 10, XS1

XS1

Figure 5.  Downstream view at XS1.  Left bank slope 
(hatch pattern) is to be pulled back and blended with 
upstream slope (~1.75:1).  See Sheet 10, Note 6.  
Note:  The culverts shown are downstream from the 
cross section, but are displayed for reference.  

Table 705-4, SPS 705.07F1.  Size and quantity of channel rocks.
Number 
of Rocks

90

300

Particle 
Diameter (mm)

510 +/- 50

230 +/- 50

Particle 
Length (mm)

678 +/- 50

306 +/- 50

Channel Rock 
Class

Rock 20

Rock 9

Old pipeNew pipe at inlet,
top of footing
el., 493.00 m

New pipe at outlet,
top of footing
el., 492.36 m

Transverse bar 1;
See Figure 3 on this Sheet

and Sheet 10, Note 3

Area of slope pull back;
See Figure 5 on this Sheet 

and Note 6Sheet 10, 

Figure 1.  Planform view of channel-bed design for the Newbury Creek culvert 
replacement.  See other figures on this sheet for further descriptions and 
instructions.  See Sheet 10 for further instructions. 

A
B

C

A B

C

1 m

Figure 2.  Downstream cross section 
view of the channel bed through the 
crossing.  The dark gray shaded rocks 
represent channel rock 20 and the 
light gray shaded rocks represent 
channel rock 9 (see Table 705-4, SPS 
705.07F1.  The hatch pattern is 
bedrock.  See Figure 4 on how to 
place the channel rock into the 
channel bed and against one another.   
The dashed lines delineate the 100-
year flood, bankfull flow, and the low 
flow water surfaces.

1 m

Figure 3.  Downstream cross section view 
of the channel at transverse bar 1 or 
tranverse bar 2.  

  The gray shaded rocks represent 
channel rock 9 (Table 705-4, SPS 
705.07F1).  

The hatch pattern is 
bedrock.

The transverse bars should be 
constructed primarily with channel rock 9 
with an occasional channel rock 20 (Table 
705-4, SPS 705.07F1).  See Figure 4 on 
how to place the channel rocks into the 
channel bed and against one another.  The 
dashed lines delineate the 100-year flood, 
bankfull flow, and the low flow water 
surfaces.

Large woody debris structure
See Note 5 

; 
See Sheet 10, 

STREAM SIMULATION DRAWING
STREAM SIMULATION TYPICALS AND NOTES ARE 
MEANT TO DESCRIBE STREAM CHANNEL WORK OF 
ITEMS 251(14)A, 251(14)B, AND 251(15).  

Transverse bar 2;
See Figure 3 on this Sheet

and Sheet 10, Note 3
Channel Rock 
(rock spur ; 

See Sheet 10, 
)
Note 3 

Newbury Creek, Channel-Bed Design

flow 
direction 

low flow
channel

boundary 

New pipe at inlet,
top of footing
el., 493.00 m

New pipe at outlet,
top of footing
el., 492.36 m

Area of slope pull back;
See Figure 5 on this Sheet 

and Note 6Sheet 10, 
A

B
C

A B

C

1 m

Large woody debris structure
See Note 5 

; 
See Sheet 10, 
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Valley margin

Floodplain or low terrace,
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Projected channel position 
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Post-Construction 
XS Locations

Newbury Creek, Olympic National Forest 
(6 October 2005)
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Newbury Creek, Olympic National 
Forest (6 October 2005)

Newbury Creek, Olympic National Forest 
(6 October 2005)
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Newbury Creek, Olympic National 
Forest (6 October 2005)

Newbury Creek: Implementation Monitoring
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Newbury Creek: Implementation Monitoring

Newbury Creek
Implementation Monitoring Summary

• Design gradient okay
• Design bed material size okay
• Design key grade controls okay (spacing, 

elevation, and construction)
• Left bank fillslope at inlet not pulled back 

adequately (channel constricted)
• Channel banks through crossing 

inadequately constructed 
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Post-Construction Measurements
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Newbury Creek
Implementation Monitoring Summary
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Newbury Creek
Post-Construction Monitoring
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Newbury Creek
Post-Construction Monitoring
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Newbury Creek, Olympic National 
Forest (June 2006)

Lateral Lateral 
erosion and erosion and 

incisionincision

Newbury Creek
Post-Construction Monitoring
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Newbury Creek
Post-Construction Monitoring
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Newbury Creek
Post-Construction Monitoring
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Newbury Creek
Post-Construction Monitoring Summary
• Upstream channel still adjusting
• Upstream channel bed coarsening
• Channel bed through crossing has had 

minimal adjustment (aggradation)
• Channel bed through crossing has 

coarsened
• Minimal channel changes outside of the 

influence of the crossing, but changes 
progressing upstream (incision) and 
downstream (aggradation, lateral erosion)
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Summary
• Implementation monitoring is needed to 

assess how well stream simulation channel 
designs were executed

• Implementation monitoring provides a 
baseline for assessing post-construction 
channel responses and effectiveness 
monitoring

• Post-construction channel changes are 
initially rapid and greatest within and in 
close proximity to the zone of disturbance


