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DAM-BUILDING CAPACITY MODELING

e Beaver dams, not beaver
themselves, provide the
desired impacts to habitat

o While beaver can survive in
a wide range of conditions,
where they build dams is
more limited

e Dam building activity varies
dramatically according to
flow regime & availability of
dam building materials




BRAT... A BEAVER DAM CAPACITY MODEL

o Resolves where and at what level (within a drainage
network) beaver dams can be built and sustained.
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e BRAT (Beaver Restoration

Geomorphology

Assessment Tool) is all -
about how many of these:

Modeling the capacity of riverscapes to support beaver dams
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Fuzzy inference systems channel-spanning dams could be built during low flows, (5) the likelihood that a beaver dam is likely to

withstand typical lloods, (6} a suitable stream gradient that is neither too low to limit dam density nor too
high to preclude the building or persistence of dams, and (7) a suitable river that is not too large 1o restrict
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1. Introduction vertical and temporal connectivity of stream channels, floodplains,
and adjacent uplands. Beaver dams increase lateral connectivity by

Due tothe suite of hydrologic, hydruic, geomorphic, and eclogical  linking stream channels, floodplains, and adjacen tuplands subsequent-
feedbacks associated with the dam- building activities of beaver, both Iy dinal discontinuit (Burchsted etal.,

Castor canadensis in North America and Costor fiber in Europe and Asia,
arewidely recgnized as ecosystem engineers (Burchsted et al,, 2010;
Gurnell, 1998; Naiman et al, 1988; Rosell et al, 2005; Warren, 1827).
As such, beaver dam building activities affect the lateral, longitudinal
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2010), Beaver dams can enhance vertical connectivity by increasing ex-
changes between surface and ground water (Majerova et al., 2015}
Longitudinally, beaver dams disrupt the delivery of water, sediment,
wood and nutrients (Wohl, 2013b). potentially dramatically altering
the connectivity of upstream sediment sources to downstream sinks
and providing gre ater variation in the residence time in sinls for sedi-
ment storage associated with beaver dams. Whereas dam breaches,
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THE PRIMARY QUESTIONS WE ASK

Some nationally-available lines of

. evidence to address questions:
1. Is their enough water |

present to maintain a e NHD - perennial streams
pond? (1:24K)

2. Are enough and the right
type of woody resources o | ANDFIRE - vegetation type

present to support dam (EVT)
building? _ e USGS Regional Curves for
3. Can they build a dam at — Baseflow statistics
base flows? - Q
4. Are dams likely to e USGS NED 10 m DEM —
withstand typical floods? derive reach slope and

estimate stream power
10.1016/j.geomorph.2015.11.019
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CAPACITY MODEL IN A NUTSHELL

e Beaver need water and wood...
e Type and extent of wood/vegetation matters most
e Flow regime act to potentially limit capacity

FIS input
T

etation FIS outpu

Modeled capacity of
riverscape to support
beaver dams

Maximum dam density
(Beaver dams / km)
! ~Mo= () None
~M= (-1 Rare
1-4: Occasional
5-15 : Frequent
~"r~= 15 - 40 : Pervasive

FIS input
o =

gaseﬂow
= stream power

Baseflow stream power (watts/m)
&~ (- 175 (Can build dam)

~A 175 - 180 (Probably can build dam)

e > 180 (Cannot build dam)

I% Q2 stream power (watts/m)
]~ 0-1000 (Dam persists)

“ s 1000 - 1200 {Occasional breach)
~Ar— 1200 - 2000 {Occasional blowout)
e > 2000 (Blowout)

| Slope of stream segment

0-05% (Really flat)
"= 0.5-15% (Can build dam)
~"r= 15 - 23% (Probably can build dam)
N~ > 23% (Cannot build dam)

FIS result filter
Drainage area

Drainage area (sq km)
=~ (-10,000 {Can build dam}

~Mu— > 10,000 (Cannot build dam}) Maximum dam density

|| (Beaver dams / km)
~Nr— (3 : Nane
o= (-1 Rare
1-4: Occaslonal
5-15: Frequent
[} ~~rm- 1540 : Pervasive

] 5 10 15 Km

10.1016/j.geomorph.2015.11.019 Rt
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HOW MANY &

WHERE?

e Existing
capacity:
356,294 dams

e 8.3 dams/km

Table 4
Summary of existing beaver dam gross modeled capacity estimates by capacity categories.

Great Salt Lake
Desert

Sevier
Desert

Category Stream length (km) % of stream network Estimated dam capacity
Pervasive 6219 15% 147,644

Frequent 18,162 45% 186,184

Occasional 8234 20% 21,544

Rare 3307 8% 922

None 4639 12% -

Total 40,561 356,294

e Note: Utah is second
driest state in US

Maximum Dam Density

(Beaver Dams / km)
~"~— () : None 5-15: Frequent
0-1:Rare ~N~—— 15-40 : Pervasive

1 - 4: Occasional

/’\/.

10.1016/j.geomorph.2015.11.019
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None - 10%
Rare [ 3%
Occassional

pervasive [ 4%
0 50 100 150 200

Where can beaver build dams now
and to what extent?

%
Resemoirs

Existing Capacity:
6,139 dams
~ 6 dams/KM

Existing Dam Building Capacity
T e .. Density: dams/mile (damsim)
~~ None: 0 dams
~~— Rare:0-2(0-1)
Occasional: 2-8 (1-5)
~~~— Frequent: 8 - 24 (5- 15
~"~ Pervasive: 24 - 64 (15- 40)
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Occassional

Pervasive - 4%
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Where can beaver build dams now
and to what extgm;?

Existing Dam Building Capacity
Density: dams/mile (dams/km)
~~ None: 0 dams
~ Rare:0-2(0-1)
Occasional: 2-8 (1-5)
~~~— Frequent: 8 - 24 (5- 15
~"~ Pervasive: 24 - 64 (15- 40)




CAPACITY... MAX NUMBER OF DAMS

e By answering the
basic questions on
this form & using
the inference
system tables we
can estimate
beaver dam
capacity.

BRAT-cl5 — BEAVER DAM CAPACITY ASSESSMENT FORM - BASIC

OBSERVATION INFO

Observer Name:
Reach ID:

LocaTion oF AssessSMENT REacH

GPS UTM Easting:
GP3 UTM Northing:

SO -t

Observation Date:

Stream Name:

LENGTH OF REACH

Length meters OR * bankfull widths

VEGETATION CAPACITY TO SUPPORT DAM BUILDING ACTIVITY

SUITABILITY OF STREAMSIDE VEGETATION

SUITABILITY OF Riparian fUpLAND VEGETATION

© Unsuitable

© Barely Suitable

@ Moderately Suitable

© Suitable

o Preferred

Vegetation within 30 m of water's edge

What vegetation types are abundant?

o Desirable woody (e.g. Aspen, Willow, Cottonwood)
o Other woody (e.g. conifers, sagebrush)

o Grasses o Crops o Omamentals o Developed

© Unsuitable

0 Barely Suitable

@ Moderately Suitable

< Suitable

© Preferred

Vegetation within 100 m of water's edge

What vegetation types are abundant?

o Desirable woody (e.g. Aspen, Willow, Cottonwood)
o Other woody [e.g. conifers, sagebrush)

o o Grasses O Crops o Ormamentals o Developed

Dam DensiTy CapaciTy ASSESSMENT BASED on Suitagiuty of VeceTation Ownvy (use TasLe 1)

o None (no dams)

< Rare (0-1 dams/km}

© Occasional (1-4 dams/km)
¢ Frequent (5-15 dams/km)
2 Pervasive {15-40 dams/km)

COMBINED CAPACITY TO SUPPORT DAM BUILDING ACTIVITY

CAM BEAVER BUILD & DAM AT BASEFLOWS?

@ Probably can build dam

© Can build dam

@ Can build dam [saw evidence of recent dams)

© Could build dam at one time (saw evidence of relic dams)
© Cannot build dam (streampower really high)

IF BEAVERS BUILD A DAM, CONSIDER WHAT HAPPENS TO
THE DAM(S) IN & TYPICAL FLOOD [E.G. MEAN ANNUAL FLOOD)?

C Blowout © Occasional Blowout

© Occasional Breach © Dam Persists

How DOES THE REACH SLOPE IMPACT THEIR ABILITY OR
NEED TO BUILD DAMS?

@ 50 steep they cannot build a dam (e.g. > 20% slope]

@ Probably can build dam

@ Can build dam (inferred)

© Can build dam (evidence or current or past dams)

@ Really flat {can build dam, but might not need as many as
one dam might back up water > 0.5 km)

ComBINED Dam DENSITY CAPACITY ASSESSMENT BASED om ALL (usE TABLE 2)

@ None [no dams)

© Rare [0-1 dams/km)

o Occasional (1-4 dams/km)
© Frequent (5-15 dams/km)
© Pervasive {15-40 dams/km)

Maximum Dam Density {dams/km])
-1 Rare 1 -4 Dccasional 5 - 15 Frequent =me= 15 - 40 Pervasive



Let’'s go out in the field & “"run” BRAT

*BRAT is a powerful plannmg tool that helps determlne Where and
at what level dam-building activity might be sustainable for
stream and riparian restoration.
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HABITATS CENTER




Who?
Where?

ad

nen?

BRAT-cIS — BEAVER D
AM CAPACITY ASSES
SMEN -
OBSERVATION INFO T FORM - BASIC

Observer Name:
Reach ID:

Observation Date:

BRAT-cIS — BEAVER DAM CAPACITY ASSESSMENT FORM - BASIC
(:)(:) ﬁw
OBSERVATION INFO —

Observation Date:

Observer Name

Reach 1D

Stream Name:

LOCATION OF ASSESSMENT REACH
GPs UTM Easting:
P UTM Northing: ___——————————

LENGTH OF REACH
Length meters OR. xbankfull widths

v RON CAPACITY TO SUPPORT DAM BUILDE ACTIVITY

SUITABILITY OF STREAMSIDE VEGETATION surmABIL PLAND VEGETATION
o Unsuitable S Unsuttable.

o Barely Sutable o Barely Suitable

o Moderately Suitable o Moderately Suitable

osuitable o suitable

o preferred o preferred

Vegetation within 30 m of water's €49¢ Vegetation within 100m of water's edge

What vegetation types are abundant?
e rebe woady (e, Aspen, Willow, Cottonuood]

\What vegetation types are abundant?

e rabie woody (28 Aspen, Willow, Cottonood)
- Other woody (e.g. conifers, sagebrush)

2 orastes & Crops 3 Ornamentals 5 Developed

er woody (e g. conifers, sagebrush)
rches o Crops  Ornamentals & Developed

DAM DENSITY CAPACITY ASSESSMENT BASED ON SUITABILITY OF VEGETATION ONLY (use TABLE 1]
‘o None (no dams)

o Rare (0-1 dams/km)

o Occasional (1-4 dams/km)

o Frequent (515 dams/km)

o pervasive (15-40 dams/km)

COMBINED CAPACITY TO SUPPORT D BUILDING ACTIVITY

CaN BEAVER BUILD A DAM AT BASE FLOWS?

" Probably can buid dam.

o Can build dem

 ean build dam (saw evidence ofrecent dams)

O buid dam ot one time (saw evidence of =l dams)
& canmot build dam (stream power realy igh)

Low DOES THE REACH SLOPE IMPACT THEIR ABILITY oR
NEED TO BUILD DAMS?

N ep they cannot buld  dam (c.7 20%sl0%<]

o Probably can build dsm

o Can build dam (inferred)

O i dam (evidence or current or past dams)

© el lt can build dam, but might nok need 35 m3nY 2
one dam mi ter >0.5 km)

1§ BEAVERS BUILD A DAM, CONSIDER WHAT HAPPENS TO
THE DAM(S) I A TYPICAL o0)?
o Blowout

o Occasional Breach

o Occasional Blowout
o Dam persists

COMBINED DAM DENSITY CAPACITY ASSESSMENT BASED ON ALL (USE TASLE 2)
"o None (no dams)

o Rare (0-1 dams/km)

o Occasional (1-4 dams/km)
o Frequent (5-15 dams/km)
@ pervasive (1540 dems/km)

Maximum Dam Density (dams/km)
1-4Occasionl

a0 None e 0-1Rare 515 Frequent = 16-80Pervsive

UtahState

Al -

University
D CONSORTILM

LocaTioN O
F ASSE
SSMENT REACH Stream Name:

GPS UTM Easting:

GPS UTM Northing: LENGTH OF REACH

Length

meters OR

Utahs

_ x bankfull widths

P AT AN
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BRAT - IS

The veg questions... - dam building materials

VEGETATION CAPACITY TO SUPPORT DAM BUILDING ACTIVITY

@JITABILITY OF STREAMSIDE VEGETATION

~N

0 Unsuitable

0 Barely Suitable

0 Moderately Suitable

0 Suitable

o Preferred

@getaﬂbn within 30 m of water’s edge

g, Y WL [ A A

ﬁUITABILIT‘r‘ oF RIPARIAN/UPLAND VEGETATION

~N

0 Unsuitable

0 Barely Suitable

0 Moderately Suitable
O Suitable

o Preferred

\Vegetatfon within 100 m of water’s edge

Dam DensiTy CapaciTy ASSESSMENT BASED on SUITABILITY OF VEGETATION ONLY (USE TABLE 1)

0 None (no dams)

o Rare (0-1 dams/km)

0 Occasional (1-4 dams/km)
o Frequent (5-15 dams/km)
o Pervasive (15-40 dams/km)

COMBINED CAPACITY TO SUPPORT DAM BUILDING ACTIVITY

- 5HN BEAVER BUILD,A DAMAT BASEFLOWSE, 1 . s 10 s o pro0 ool st s oo o fostl 2 sss s SsJos b s 15 S L S0 12 fo L2




BRAT - IS

The inference system...

look up table on back!

% L.\,.:.I'\l:“l o "
I, i iy

VEGETATION CAPACITY TO SUPPORT DAM BUILDING ACTIVITY - o
SUITABILITY OF STREAMSID

E VEGET
T ATION SUITABILITY OF RIPARIAN/UPLAND VEGETATIO
o Barely Suitable ® Unsuitable =

0 Moderately Suitable
@ Suitable

o Preferred
Vegetation within

Table 1. Rule table for two input inference systgm that models the capacity of the reach to support dam huilding activity (in
dam density) using the suitability of streamside wvegetation and suitability of rlparmn{upldnd vegetation as inputs.

m of water’s edge

Inputs \ Quiput
Rules Suitability of str ide vegetation \’a Suitability of riparian{upland vegetation Dam density capacity
1/f Unsuitable & Unsuitable ,then  None

2 Jf Unsuitable 2 Barely suitable ,then  Rare

3 Jf Unsuitable Maderately suitable ,then  Rare

, then Occasional
, then Occasianal
,then  Rare
,then  Rare
then  Occasional
, then Occasional
, then Occasional
, then  Rare

, then Dccasional
, then Occasional
, then Frequent

, then  Freguent
, then Occasional
,then  Occasional

Alf Unsuitable

5 jf Unsuitable

6 If Barely suitable

7 If Barely suitable

8 if Barely suitable

9 if Barely suitable
10 if Barely suitable

Dam DENSITY CAPACITY ASSESSMENMSB 11 Moderately sl

12 if Moderately suitable

o N
one [nO dams) 13 §f Moderately sultable
o Rare (U 1 damsfkm) 14 ff Moderately suitable

[ ."‘-- | ]_ 15 if Moderately suitable

Suitable
0 Frequent (5-15 dams,fkm]

17 If Suitable

P 18 if Suitable & Moderalelv suitable ,then  Frequent
o Pervasive (15- 19 if Suitable & Suitable ,then  Frequent
\ ( 40 da ms,.f km] suitable & Ppreferred ,then  Pervasive
Preferred & Unsuitable L then Occasional

22 if Preferred & Barely suitable ,then  Freguent

c 0 23 if Preferred & Moderately suftahle ,then  Pervasive
MBINED CAPACITY TO SUPPURT DAM ] 24 jf Preferred & Suitable ,then  Pervasive

' 25 jf Preferred & preferred ,then  Pervasive

f-—Jfﬁy‘ﬁFAy'E‘F*ngl rD_.J H‘ADM}'}AS'E'FL?W.;' F e m
L —_ ‘f/"‘-"-l"\j\! ,\_/\./f\h/ﬁf’,ﬂ‘f f}f W ‘r‘_./“f
+ - SV o e W WA W A 2 /"/../'f




BRAT - IS

Does hydrology (manifested as local hydraulics)
limit this capacity?

—

COMBINED CAPACITY TO SUPPORT DAM BUILDING ACTIVITY

CAN BEAVER BUILD A DAM AT BASE FLOWS?

0 Probably can build dam

o Can build dam How DOES THE REACH SLOPE IMPACT THEIR ABILITY OR
o Can build dam (saw evidence of recent dams) NEED TO BUILD DAMS?
o Could build dam at one time (saw evidence of relic dams) 0 Too steep they cannot build a dam (e.g. > 20% slope)
o Cannot build dam (stream power really high) o Probably can build dam
\ j o Can build dam (inferred)

/IF BEAVERS BUILD A DAM, CONSIDER WHAT HAPPENS TO)

o Can build dam (evidence or current or past dams)
THE DAM(S) IN A TYPICAL FLOOD (E.G. MEAN ANNUAL FLOOD)?

O Really flat (can build dam, but might not need as many as

o Blowout 0 Occasional Blowout e
0 Occasional Breach 0 Dam Persists
\_ J

ComeINED Dam DEeNsITY CAPACITY ASSESSMENT BASED on ALL (use TABLE 2)

0 None (no dams)

o Rare (0-1 dams/km)

0 Occasional (1-4 dams/km)
o Frequent (5-15 dams/km)
o Pervasive (15-40 dams/km)

Maximum Dam Density (dams/km)
a0 - None 0-1Rare 1 - 4 Occasional 5-15 Frequent =~ 16 - 40 Pervasive

SV AN SV AV & SV W ATV S S Y SV AV AV S VRV VAVl VYT AN NP A AWV N SV TV AW AV L N R SV AV e LA S LR AV AN



BRAT - IS

COMBINED INFERENCE SYSTEM

Table 2. Rule table for four input inference system that models the capaicty of the reach to support dam building activity (in dam density) uisng the vegetation
dam density capacity [output ef Table 1 model), the two-year flood stream power, baseflouw stream powes and reach slope.

Tnpute Outgut -
Aules  Vegetaton dam density copicity 8 Z-year flood stream power 2 Basefiow streom power & Reach slope Dam density capacity I e r ta e l It
1 None & - & & - Lthen  Nome
20 - & - & Cannat uild dam & - Lthen  Nome [ ]
30 & - & & Cannot build dam Lthen  Nome
aif Rare & Dam persists & Canbuild dam & NOT Cannat build darm L then  Rare
S Rare & Dam parsists & Probably canbulld dam & NOTCannctbuilddam  , then  Rare -
B Kare & Occasional breach £ Can build dam & NOT Cannct buald dam  then Rare SI m e to a
7 Rare & Decasianal brasch & Probablycanbulld dam & NOTCannot builld dam  then  Rare
B Rare & Occasianal blowout & Canbuild dam & NOT Cannot build dam Lthen  Rare
84 Rare & Occasional blowout & Probably canbulld dam & NOT Cannct build dam | then  Rare
A0y Rare & Blowout & Canbuild dam & NOT Cannot build dam L then  Nome
i1l Rare & Blowout & Prodably can build dam & NOT Cannct build dam Lthen  None
12 if Occasional & Dam persists & Canbuild dam & NOT Cannct build dam ,then  Occasional
13 4f Occasional B Dam parsists & Prohablycanbuild dam & NOTConnct build dam |, then  Ogcasional
14 tf Oceasional & Decasional breach & Canbuid dam & NOT Cannct bulld damn Lthen  Occasional
15 ¢ Occasional & Decasianal breach & Probably cen build dam & NOT Cannet build dam . then
16 f Ocrasional & D(rannnal blowout & Canbuild dam & NOT Cannct build dam . then
|/ oo .
8 00 5 Hoy ey oy -r—& I S e T T T e e e e B T e e e B R T
m nputs Output
2210 Fre - # * . .
Sy Rules Vegetation dam density capacity & 2-year flood stream power & Baseflow stream power & Reach slope Dam density capacity
240 Fre
=y & - & - & - , then  Mone
i e _ i -
zrm & & Cannot build dam & . then  None
2910 Fre "
W Fre & - & - & Cannot build dam ’ then Mone
3L Fre . .
2 & Dam persists & Can build dam & NOT Cannot build dam ,then  Rare
.

Sip o S BEG  r pope prnpytor g B DEIPRRSIS e & Prodably capbuilddam, & NOTCanpotbulid dam, o then nRgre L . . s g g

3 Fre
Wi e .

30 Frequem & Blowout & Canbulld dam & meally Tar Lthen  Rare

390 Frequent & Blowoul & Canbuild dam & Can build dam . then  Rare

a0 4f Frequent & Blowout 2 Canbuild dam & Probatlycan buld dem , then Aars

ay Frequem & sloweut & provably tanbuild dom & Really fat Ltnen  Rare

420 Frequent & Blawout & Progatiy canbuild dam & Can build dom Lthen  Rare . .

431 Frequent & Blowout & Provablycanbuilddem & Probably can build dam , then  Rare M D D (d /k ’

“f e 5 Do pirsits & commatdanm & nealyia Cen fement aximum Dam Density {dams/km

450 Fervasiue & Dam persists & Canbulld dam & Can busld dam Lthen  Pervasive - None 0-1R . 16-40 P .
a5 Pervasive & Dam parsisis & Canbuild dam & Probablycan bullddam  then  Frequent s ) = g [ - - - -
=7 ra s & mavannanan 8 e are 1 -4 Occasional 5-15Frequent ervasive
4B 1 Porvasiue & Dam persists & Proaati on build dam & Can bul dam Lthen Parvasive

40 1f Pervasive & Dam persists & Probably can bulld dam & Probably can build dam |, then  Freguent

S04 Pervosive & Occasiomal breash & Combuild dam & Acslly ot Lthen  Frequent

LY Pervasie & Oucasional breach & Canbulld dam & Can build dam Cthen  pervasive

521 Pervasive & Dcrasional breach & Canbuild dam & Probably can build dam |, then  Frequent

S3f Parvisive & Occasional brasch & Pronably canbuild dam & Raally Tt Lthen  Froquent

suyf rervasue & Decasanal breach & pronatly con buid dam & can buskd dam Ltnen  pervasue

55 Fervasiva & Occasional broach & Pronably canbuild dam & Rrobablycan buiddam  , then  Froguent

S5 Pervasve & Docasianal blowaut & Canbulld dam & Aeallyat L then  Frequent

STy Pervasve & Deesianal blowsit & Conbuild dam & Can bl dn “then  pervnsive

5B if Pervasive & ODecasional blowout & Canbuild dam & Probably can build dam then  Frequent

590 Fervasive & Orcasianal blowout & Proatly canbulld dam & Really Tat Lihen  Occasional

S0y Pervasive & Occasianal blowaLt & Pronably canbuild dam & Can buskd dam Lien  Frequent

14 Forvasie & Oceasional blowout & Pronsblyconbuiiddam & Probablycan builddam  then  Occaslanal

B2 if Pervasive & Blowo & Canbuild dam & Really Nat ,then  Occasional

63 1f Pervasive & Blawout & Conbuild dam & Con buikd dom Lthen Occosionel

641f Pervssive & Blowout & Canbulld dem & Probablycanbullddam , then  Rare

G5 1 Pervasive & Blowout & Probably can build dam & Really fat . then  Occasional

6615 Fervasive 5 Blowout & Pronably canbulid dam & Can busld dam then Occasions|

o7y pervasie & pinwout & Prodahlycanbulld dam & Frobably can build dam __ then_Rare
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