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Remember carOI? 4 ac. (5%) W AC - Active channel

PI‘O Ortion ACtive 500/ 37 ac (45 %) W AF- Active floodplain
P : : 41 ac. (50%) T/ IF-Inactive
Recovery Potential: 63 ac. (76%)

Uplift 22 ac. (53%) Acres of Coburn Creek Valley Bottom




Inagtive Floodplain .
(Outside Recovery Potential)

Irrigation Canal

Upland/Hillslope

| PHASE 1 Structures - _

# PALS ==, BDA
? Adjacent structure complexes

Complex Design



Complex Design —Where do | start?
« zone of influence, valley bottom, narrative, ... structure locations?

:: COMPLEX OBJECTIVE: Incision Recovery
Structure type 5 + 2 PALS channel spanning ge®
3 and count: 10 +2 PALS bank-attached

Total 15+ 4
Length: ~ 200 m

MNarrative: This complex uses a combination of
¢ channel spanning jams and bank-attached
§ jams to widen and aggrade the incised chan-
! _nel. Bank-attached jams are used to force bank

Inagtive Floodplain
(Outside Recovery Potential)

Irrigation Canu.

Zone of influence
Valley hottom
A\ PALS - debris jam

[ PALS - bank-attached
Valley bottom margin

e

50 100 Meters



http://dx.doi.org/10.13140/RG.2.2.28222.13123/1

Complex Design —Where do | start?

" COMPLEX OBJECTIVE: Incision Recovery (229
Structure type 5 + 2 PALS channel spanning § :
and count: 10 =2 PALS bank-attached

Total 15+ 4
Length: ~ 200 m

Recovery POtentlaI 63 dC. (760/0) & Narrative: Thisicurlnplex uses a combination of

o channel spanning jams and bank-attached
U p I |ft 22 a C (53% ) (R jams to widen and aggrade the incised chan-
e EREEN el Bank-attached jams are used to force bank

Inagtive Floodplain
(Outside Recovery Potential)

yeah,

recovery
potential!

Upland/Hillslope

~—  Zone of influence
Valley bottom
A\ PALS - debris jam
[ PALS - bank-attached

Valley bottom margin

100 - Metears




Carol (Pops’ Daughter):

Proportion Active 50%

Recovery Potential: 63 ac. (76%)
Uplift 22 ac. (53%)

4 ac. (5%) sy, AC - Active channel
37 ac (45 %) W AF- Active floodplain
41 ac. (50%) ./ IF-Inactive

Acres of Coburn Creek Valley Bottom

Carol wasn't happy with Pops, she
identified 63 acres, just keeping
the canal operational.




(" Q: What are current A

What could Carol’s reach of | riverscape conitions?

Geomorphically? | Q= What is recover;

c 0 b urn h e ? - to sustain wood accumulationiond/or POtential?

\_ beaver dam activity /

Recovery Potential: 63 ac. (76%)
Uplift 22 ac. (53%)
AND: Stage 7 - Stage 8/0 @®

Z\

STAGE |
lbnTun Single Thread
heh,

STAGE 2
ﬂ Channelized
heehy
oodplin

Inactive Floodplain
(Outside Recovery Potential)

Upland/Hillslope



http://dx.doi.org/10.1002/rra.2631

Okay, what's my primary complex
objective for this design?

= COMPLEX OBJECTIVE:
Structure type
% and count:

Inagtive-Floodplain
(Outside. Recovery Potential)

Total

¥ Length:~ Im
Narrative:

| * [ncrease Iinstream
complexity?

* Incision recovery (widen
and aggrade channel)?

%1 - Beaver Translocation?

““" e Increase channel-
floodplain connectivity?

Upland/Hillslope -



Well, maybe easier to answer:
“What's my outer limit or long-term

5:1{1[:1 {88l Recovery Potential: 63 ac. (76%)
Uplift 22 ac. (53%)

(Outside.Recovery Pote

Irrigation Canal

Upland/Hillslope

Okay, so not valley
nottom-wide.

But anastomosing
within recovery
potential




How far towards that RP target
can | get in this phase?

Upland/Hillslope

Inagtive Floodplain
(Outside.Recovery Potential)

Irrigation Canal

STAGE S

Anastomosing
h<<h

Laterally Active
h<<h,

Degradation




This is just a design for first phase of implementation

Addressed during Phase 1 <P
- z
o

How much will'this
phase, close the gap

between &

CRNE

Figure 5.1 from Chap 5: Shahverdian et al. (2019)
DOI: 10.13140/RG.2.2.11621.45286

TIMING

IS EVERYTHING

CONSIDER NON
LOW-TECH
TREATMENTS

*} EXIT



http://dx.doi.org/10.13140/RG.2.2.11621.45286

Okay, what's my primary complex
objective for this design?

4 COMPLEX OBJECTIVE:
Structure type
and count:

Inagtive-Floodplain
(Outside. Recovery Potential)

Total
Length: ~ I m

Narrative:

| * [ncrease Iinstream
complexity?

X

Upland/Hillslope -

Increase channel-
floodplain connectivity?



Now I'm ready to design some structures...
Where could | target to make my way riverscape-left?
i.e. active channelS ==

8

Inactive Floodplain
(Outside. Recovery Potential)

* To anastomose, I'm
going to need some
flow “splitting”

 To shake up straight
stretches, | need to
shuntand bank-blast

* Once on floodplain, |
could back=up, spread-
out, and/or split further

Aggradation
Vi
-

§

o.;mm.-{

“ STAGE 6



What can be accentuated?

?
areas~  What can be broken up?
: : &)
AS/;elftgly {Oulsir:!?é\;ecovg?ypPgltgntial) ° TO anastomose’ I'm
going to need some
Eroding flow “splitting”
o P ; * To shake up straight
Already \NG | stretches, | need to
Splits N A S shuntand bank-blast
. Opportunity _
to split . * Once on floodplain, |
Straight ™ SN | PN could back=up, spread-

out, and/or split further




Get your legend (design pallet)

PHASE 1 Structures - _

o PALS @, BDA s
[b Complex 20/

? Adjacent structure complexes

Decide symbols and types.
Decide whether to do points
for structures or design crests
Most importantly — WHAT are
you trying to achieve?

STAGE 8
Anastomosing

, Degradation | Aggradation
€ >




Let's pick off an easy one... 1. Draw crest
PALS — Bank Blaster & Z0I 2. Draw Z0I

PHASE 1 Structures - _
o PALS ===, BDA

? Adjacent structure compleaxes




Hey, | gotta’ structure
that might do just that

 Position it and draw crest

Start with key pieces oriented stream-wise
and face butt end or root wad upstream to
maximize width that will create divergent

flow paths around it.

©@®

PROFILE VIEW

Drive posts in to bed angled inwards
to wedge wood pieces and prevent them
from rafting up and floating away in

\\ high flows.

Use a mix of sizes of wood and tangle

/ \ VA
4 4 \Q V \‘! together with branches.

X-SECTION VIEW ) )
Inaccessible floodplain, terrace,
Fan or other erodible surface

Floodplain Banka(//
\ Elevation \ » o
by | \ _— Max anticipated shift is
i v r/_ one channel width

Bank to direct flow

|~ atland erode laterally
|

Design Crest Elevation ——

Drive posts at angles to wedge and pin woody NN
debris together. Attempt to drive at least 1/4 NN [N
o +——— 80-95% of low-flow channel

to 1/3 of finished length of post into bed.
Structurally- |€ J ; width constricted, to create
Constricted

) a hydraulic constriction jet
Low-Flow Channel Width aimed at outer bank

Bankfull Channel Width

PLANFORM VIEW
See XS View Expected bank erosion
/_ into high, erodible surface

Inaccessible floodplain ,
terrace, fan or high surface

— . . s )\3 Channel
\,
D -

Layout key pieces with butt ends (or root-wads, if
present) upstream. Wedging some pieces perpendicular
to flow is fine.

ety NOT-TO-SCALE

RESTORATION CONSORTIUM


http://dx.doi.org/10.13140/RG.2.2.22526.64324

YOU DID WHAT? A BANK BLASTER?




Make process intent
explicit as part of
design — with a Z0|

10.13140/RG.2.2.19590.63049/1.

PROFILE VIEW

Start with key pieces oriented stream-wise
and face butt end or root wad upstream to
maximize width that will create divergent

Drive posts in to bed angled inwards

to wedge wood pieces and prevent them
from rafting up and floating away in
high flows.

flow paths around it.

Use a mix of sizes of wood and tangle
\l! together with branches.

X-SECTION VIEW

Inaccessible floodplain, terrace,
Fan or other erodible surface
Bankfull - \LLA L L
Elevation !
| Max anticipated shift is

one channel width
Bank to direct flow

o~ attand erode laterally
|

Floodplain
\

Design Crest Elevation ——

Drive posts at angles to wedge and pin woody TSI L — ————

debris together. Attempt to drive at least 1/4 A N

to 1/3 of finished length of post into bed. +——— 80-95% of low-flow channel
Structurally- kl; width constricted, to create

Constricted h i triction iet
Low-Flow Channel Width @ hydraulic constriction je

aimed at outer bank
Bankfull Channel Width

PLANFORM VIEW
See XS View Expected bank erosion

into high, erodible surface

Inaccessible floodplain
terrace, fan or high surface

Channel

Layout key pieces with butt ends (or root-wads, if
present) upstream. Wedging some pieces perpendicular
to flow is fine.

,ﬁgﬂm
University

NOT-TO-SCALE


http://dx.doi.org/10.13140/RG.2.2.19590.63049/1

Draw Crest First... 1. Draw crest
PALS — Bank Blaster & Z0I 2. Draw Z0I

PHASE 1 Structures - _
o PALS ===, BDA

? Adjacent structure compleaxes




What can be accentuated?

~*ian Canal

Erodihg ;

(S Aem——uiN :
= s Alread ) 4 {Oulsslirtli?fgveecg\!'g?:ggitgntial)
e Splits ‘

Already

Splits S
: Opportunity
to split

< S
(‘,Ob:,,,}(

P

//
e
s
J{h/ -\- -

What can be broken up?

* To anastomose, I'm
going to need some
flow “splitting”

 To shake up straight
stretches, | need to
shuntand bank-blast

. » Once on floodplain, |
could back=up, spread-
out, and/or split further



How about a Primary & Secondary BDA?1. Draw crest
PALS — Bank Blaster & Z0lI 2. Draw Z0

Inundation
type
- Free flowing

Overflow

- Ponded

PHASE 1 Structures - _
o PALS ===, BDA

? Adjacent structure compleaxes




Some BDA Structure Schematics

PROFILE VIEW

Build an overflow mattress of branches
laid parallel to flow direction and woven
into weave above. The mattress acts to
dissipate flow energy of flows spilling

Building a complete postless BDA
over top of dam.

(see postless recipe)
\
v

Ffou\dplafn or Terrace
1

avbaAd M. L1 )

w7 Design Crest Elevation

PROFILE VIEW

Floodplain or Terrace

BTN

i
e

. e
Branches should be weaved tight with any
gaps filled with smaller branches, sediment,
turf and other locally sourced organic matter.

FLDW}

BDA height

X-SECTION VIEW

Bankfull
Elevation
v

Floodplain

Fioodplain
\

All beaver dams & BDAs have uniform crest elevations

to promote even (as opposed to concentrated) spill aver crest
L y . e 7 e ) - v

Design Crest Elevation

NOTE

The crest elevation is a critical
consideration. In general, primary dams
are taller than secondary dams, and usually
wider (either extending onto bars, inset bences
or floodplains, as to lower unit stream power).
Secondary dams tend to just be tall enough to
back-water up to the base of the next upstream
dam. Secndary dams can be built higher to lower
the head [elevation] drop of an upstream dam.

Drive untreated wooden

Build BDA up in 6" to 12" lifts from a broad (streamwise) base being careful
to make sure each layer is holding back water and effectively ponding before
proceeding to next layer. Use a mix of locally-sourced materials {see steps)

driven into bed)

PLANFORM VIEW

See XS View

Lay branches in overflow mattress

Foodplain or Terrace parallel to flow paths.

UrahState
University
RESTORATION COMSORTIUM

NOT-TO-SCALE

Foodplain

fence posts or arborist stakes
into bed (ideally at least 1/4
to 1/3 of finish post length is

,'ﬁ“
Unnersty
RESTORATIGN GONSORTIUM

New Pond
ewron BDA height

Backfill upstream side of dam with bed sediment and/
or turf saurced from area inundated by new pand to
help plug excessive through-flow and create wider base-

Build an overflow mattress of branches
laid parallel to flow direction and woven
into weave above. The mattress acts to
dissipate flow energy of flows spilling
over top of dam.

X-SECTION VIEW

Past placed at roughly even

intervals 18" to 30" apart Floodplain

Bankfull
Elevation

Crest elevation for secondary
BDAs is below floodplain
height; and for primary BDAs
is just above floodplain height
and extends onta floodplain.

Alternate wicker weave of branches
like a basket on each course and push
weave down tight against each other

PLANFORM VIEW

See XS View

Lay branches in overflow mattress

floodplain or Terrace parallel to flow paths.

Alternate wicker weave of branches
like a basket around opposite sides
of each subsequent post in row.

NOT-TO-SCALE



How about a Primary & Secondary BDA?1. Draw crest
PALS — Bank Blaster & Z0lI 2. Draw Z0

Inundation
type
- Free flowing

Overflow

- Ponded

PHASE 1 Structures - _
o PALS ===, BDA

? Adjacent structure complexes




Structure Types Driven by Condition and Objectives

70%

60%

Proportion of Total Structures
by Primary Complex Objective

40%
30%
20%
([ || 0 |||

0%
COMPLEX Beaver Incision Floodplain Instream
OBJECTIVE Translocation Recovery Connectivity Complexity

A
@@ ém UtahStateUniversity
ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY

Figure 5.5 from Chap 5: Shahverdian et al. (2019, p 221)
DOI: 10.13140/RG.2.2.11621.45286



http://dx.doi.org/10.13140/RG.2.2.11621.45286

Temptation is to use BDAs everywhere...

-
N s




Simpler PALS & ALS can do trick for cheaper

i TR S, MR PR - T T A S T W o . _ —
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A 7y
/tlﬁ" ““y CHANNEL-SPANNING PALS

m Bank-attached on both sides, such that even at low-flow
0 | there is some hydraulic purchase across most of the channel,
acting to back-water flow behind it. Unlike a beaver dam
(with a uniform crest elevation), channel-spanning PALS can
have a variable crest elevation and rougher finish, and are

generally built with much greater porosity.

m Over time, increased water depth and decreased velocity
upstream of PALS encourages more wood accumulation,
organic accumulation and sediment deposition, all of which
can act to stabilize the structure.

m If crest elevations are higher than adjacent floodplain(s), it
can increase frequency of floodplain inundation, force new
diffluences, and/or promote avulsions. PLANFORM VIEW

m Can be used to widen the channel around
(one or both sides of) the structure.

See XS View

Floodolain or T Channel spanning debris jam
REEIEEP O e with posts to temporarily pin

in place logs.

Design height for channel-spanning structures
s important. Ifitis intended Structure CROSS SECTION VIEW
can protrude above typical high flow stages.

/ ) Bankfull
- 5 J' Elevation
20 v

- -

Floodplain

\  Drive posts at angles to wedge and pin woody
debris together. Attempt to drive at least 1/4

to1/3 f finished length o post into bed.

PROFILE VIEW Drive posts in to bed angled inwards
Start with key pieces oriented stream-wise . to wedge wood pieces and prevent them
and face butt end or root wad upstream to \ from rafting up and floating away in
maximize width that willcreate divergent high flows.

flow paths around it

Use a mix of sizes of wood and tangle

i i 10.13140/RG.2.2.19590.63049/1



http://dx.doi.org/10.13140/RG.2.2.19590.63049/1




g4 BIAEGE - © 1OLTE & W 81%

El A NEVADA LOW-TECH TRIAL...

& Robin J -FS Wignall

Friday, May 3 - 7:54 PM

The gully didn't deepen and it might
have gotten wider (=

Super excited about this anchored
log that functioned way better than |
imagined

Have some gap teeth after the main
part of the flooding this past month
but everything is functioning to

plan :)

New meander and inset flood plain
developing as intended

= \oP Text message

SMS

Photo from Robin Wignall, 2019 (USFS)



Head-Cuts on Return Flows Good!

» Head-cuts get a bad name... notall are indicative of “runaway” incision
 This example indicative of floodplain connectivity!

| AWS)..

o

byt

hoto from Jo-shﬁét-Wﬁ%tefZQ] Q(US
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No Single Correct Design... Many things can work

Where could | target to make my way riverscape-left?
i.e. active channelS ==

" : &)
\\

Inactive Floodplain
(Outside. Recovery Potential)

* To anastomose, I'm
going to need some
flow “splitting”

 To shake up straight
stretches, | need to
shuntand bank-blast

* Once on floodplain, |
could back=up, spread-
out, and/or split further

Aggradation
) oy

§

o.;mm.-{




Another Desian Example

S
S,
WA UtahState
A TR University

RESTORATION CONSORTIUM

MANAGEMENT & RESTORATION CAPSTONE

Ia

WATS 5340 & 5350

DESIGNING BIRCH CREEK

This page walks you through getting started in the [ = of the low-tech Co

E PAGE CONTENTS

LWy O ST N SN W W TR W S N Y Y NP ST TGP N TRy W N NP VOV IR WO WGP S P W WYV W ¥ Y YT SNy

continue to use the example of E ), but the process is generic to application to any riverscape.

Part 3 - Structure Focus

Although in the report and communication we talk about a "complex focus”, ironically the thing we do is

This video holds your hand (in an appropriate socially-distanced sort of way) through those steps.

_Design Part 3 - Structure Focus

when learning the design process, it is easiest to think very specifically about each structure. In this 40
you through a complete design for a complex and what the GIS steps are (we can just sketch these on g
field we have an App we use to help us capture this process) When you get good, typical structures tak

design and a complex typically takes 20 to 30 minutes to design.

Although not necessary for reporting, it is easiest to conceptualize by designing each individual structun

coqglex (collgelion of strucirgs) as folows: 4 | 4 s vie 40 40 a0 20 e o sbo b ate

>

T

¥ x

tucture-Crests

5. We

wores T

T ™ Jowe [ w [snowen] v
: T e 5 [

[

A b b



http://capstone.restoration.usu.edu/Course_Topics/WATS_5350/Low-Tech/Projects/birch/birchdesign.html#part-3---structure-focus
http://capstone.restoration.usu.edu/Course_Topics/WATS_5350/Low-Tech/Projects/birch/birchdesign.html#part-3---structure-focus

Steps Summarized

1.

Read local riverscape for opportunities to achieve some specific processes (i.e.
hydraulic or geomorphic or ecological response), that will contribute to achieving
complex objectives.

Choose an appropriate structure type to help immediately mimic or quickly promote
that (those) process(es).

Locate the structure specifically, by drawing its crest position. This will explicitly force
you to think about orientation (perpendicular, streamwise, diagonal), position (channel
spanning, margin attached, mid-channel, floodplain), crest length (e.g. channel
spanning, floodplain spanning, proportion of active channel) and crest height.

Articulate your expected structure design hypothesis with a zone of

influence polygon. You can make this for immediate (e.g low flow) or future (e.g. high
flow) hydraulic and/or geomorphic response. Literally what space will this structure
force hydraulic and or geomorphic interaction with. In the video below, | explain some
ways of thinking about this in very specific terms. With BDAs that back-water up, think
about what areas will be ponded, versus those areas that might be overflow surfaces
(e.g. floodplains or exposed bars). This contrasts with areas that will be left as free
flowing and are not directly influenced by the structure. With PALS, you can think
about hydraulic responses of shunting, splitting, and backing-up flow and what the
upstream (backwater) and downstream zone of influence is associated with this.

Combine your individual structure responses (zone of influence) into one complex zone
of influence (the union of all structure Z0ls and interior areas), to summarize at
complex scale.


http://capstone.restoration.usu.edu/Course_Topics/WATS_5350/Low-Tech/Projects/birch/birchdesign.html#part-3---structure-focus

Design in Field... Easier — Record a Video

How its done in field ‘ . s T

In the field, we often use design videos (optional) to capture a bunch of information quickly that would otherwise take much
longer to map and document. It allows us to keep the design agile and quick (i.e. what am | building where to do what), but

convey a lot more in terms of how things are to be done on the ground. Here is an example design video (one of over 750)
from a praject in Washington:

‘} Example PALS Design Video © ~»
Watch later  Share

o

Typical design videos are between 15-45 seconds, and simply show what is meant by build this type of structure here. It

allows us to use simple flagging or paint to denote location (in addition to a dot or ling in GIS), and we have built apps that
B oo anih o b oo b o A o o b 8 i B ottt B B N B o ] ik I A b i R b



http://capstone.restoration.usu.edu/Course_Topics/WATS_5350/Low-Tech/Projects/birch/birchdesign.html#part-3---structure-focus
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