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STREAM AND WETLAND DESIGN – RIVERBY RANCH

STREAM RESTORATION
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DESIGN MILESTONE

STREAM RESTORATION

• July 2018 – September 2018

o 30% design

o >55 miles of proposed stream 

restoration and enhancement

o >800 pages stream design plan sets

• September 2018 – January 2021

o 90% design and As-built

o 69 miles of proposed stream restoration 

and enhancement

o >350 pages stream restoration plan sets

o >450 pages stream as-built plan sets
03/2017

10/2021



WILLOW BRANCH CREEK – EXISTING CONDITION (JANUARY 2019)

STREAM RESTORATION

>15 feet



WILLOW BRANCH CREEK – DURING CONSTRUCTION (JUNE 2020)

STREAM RESTORATION



WILLOW BRANCH CREEK – AFTER CONSTRUCTION (SEPTEMBER 2020)

STREAM RESTORATION



STREAM DESIGN TRAINING CLASSES

STREAM RESTORATION

• 3 Classes, >20 Students.

• 3-4 Senior Engineers.

• Real Project Reaches to 

Design.

• Breakline Program and 

Civil 3D

• 1~2 Week Training:

From learning AutoCAD 

and stream geomorphology 

on first day to  design stream 

reaches on last day.



STREAM DESIGN USING AUTOCAD

STREAM RESTORATION



GUIDANCE FROM SENIOR ENGINEER

STREAM RESTORATIONPhoto by RES

R2 = 0.94

Riverby Curve

Blue River Curve



ENGINEERING AT THE PROJECT SITE – 24/7

STREAM RESTORATIONPhoto by RES



EXISTING PROJECT SITE STUDY

STREAM RESTORATION



GEOMORPHOLOGICAL SURVEY AND MEASUREMENT

STREAM RESTORATION



DESIGN PROCESS

STREAM RESTORATION

• Design alignment

• "Breakline" Program

• AutoCAD Civil 3D

• Cut/fill volume
o Total earthwork volume

o Every 400 ft segment earthwork 

volume

• Evaluate design and adjust 

for optimization

• Each iteration is ~20 

minutes

• Field verify design with 

GPS



STREAM STRUCTURES

STREAM RESTORATION

Bank Stabilization Structures
Structure Type Reach Slope

BKF Width
6-10 ft 10-15 ft 15-20 ft20-30 ft30-35 ft35-50 ft

Hay Bale Toe 
(L.F.)

<0.15%

0.15% - 0.3%

0.3% - 1.0%

1.0% - 2.0%

2.0% - 4.0%

Coir Single Lifts 
(L.F.)

<0.15%

0.15% - 0.3%

0.3% - 1.0%

1.0% - 2.0%

2.0% - 4.0%

Wood Toe 
(L.F.)

<0.15%

0.15% - 0.3%

0.3% - 1.0%

1.0% - 2.0%

2.0% - 4.0%

Sod Transplants Single Lifts 
(Each)

<0.15%

0.15% - 0.3%

0.3% - 1.0%

1.0% - 2.0%

2.0% - 4.0%

Log Vane 
(Each)

<0.15%

0.15% - 0.3%

0.3% - 1.0%

1.0% - 2.0%

2.0% - 4.0%

Log J-Hook 
(Each)

<0.15%

0.15% - 0.3%

0.3% - 1.0%

1.0% - 2.0%

2.0% - 4.0%
Log J-Hook

Sod TransplantsHay Bale Toe

Wood Toe



STREAM STRUCTURES

STREAM RESTORATION

Grade Control Structures

Structure Type
Reach 
Slope

BKF Width
6-10 

ft
10-15 

ft
15-20 

ft
20-

30 ft
30-35 

ft
35-

50 ft

Hay Bale Riffles 
(Each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Log Sill 
(Each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Gravel Augmented 
Riffle 
(Each)

<0.15%
0.15% - 0.3%
0.30% - 1.0%
1.00% - 2.0%
2.00% - 4.0%

Log/Boulder 
Constructed Riffle 

(Each)

<0.15%
0.15% - 0.30%
0.3% - 1.00%
1.0% - 2.00%
2.0% - 4.00%

Log Constructed 
Riffle (Each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Rock J-Hook 
(each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Boulder Cross 
Vane (each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Gravel Augmented Riffle Log/Boulder Constructed Riffle

Hay Bale Riffle Boulder Constructed Riffle



STREAM STRUCTURES

STREAM RESTORATION

Grade Control Structures

Structure Type
Reach 
Slope

BKF Width
6-10 

ft
10-15 

ft
15-20 

ft
20-

30 ft
30-35 

ft
35-

50 ft

Hay Bale Riffles 
(Each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Log Sill 
(Each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Gravel Augmented 
Riffle 
(Each)

<0.15%
0.15% - 0.3%
0.30% - 1.0%
1.00% - 2.0%
2.00% - 4.0%

Log/Boulder 
Constructed Riffle 

(Each)

<0.15%
0.15% - 0.30%
0.3% - 1.00%
1.0% - 2.00%
2.0% - 4.00%

Log Constructed 
Riffle (Each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Rock J-Hook 
(each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Boulder Cross 
Vane (each)

<0.15%
0.15% - 0.3%
0.3% - 1.0%
1.0% - 2.0%
2.0% - 4.0%

Log Constructed Riffle

Log Sill

Log Constructed Riffle



STREAM CONSTRUCTION WITH MACHINE FILES

STREAM RESTORATION



STREAM CONSTRUCTION

STREAM RESTORATION



STREAM CONSTRUCTION

STREAM RESTORATION

Photo by RES
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Lee Forbes, P.E., D.WRE (LForbes@swca.com)
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Joseph Zhang, P.E. (Joseph.Zhang@swca.com)



RAGSDALE CREEK – EXISTING CONDITION (FEBRUARY 2019)

STREAM RESTORATION



RAGSDALE CREEK – DURING CONSTRUCTION (MARCH 2019)

STREAM RESTORATION



RAGSDALE CREEK – AFTER CONSTRUCTION (SEPTEMBER 2020)

STREAM RESTORATION


