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PURPOSE OF TALK

GO
P

e To estimate the extent to
which beaver dam building
activity could provide transient
water storage

e Secondarily, contextualize that
storage against losses
associated with declining
snowpack




OUTLINE

COULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

I. Beaver Dam Impacts
on Connectivity

II. Scope of storage — what
we need to know
I.  Where the dams could be
Il.  How big they could get
I[Il. Surface water storage

V. Increase in groundwater
storage

1. Implications: How does that compare to what
we are loosing In snowpack?

V. Conclusions . ﬁ'&mﬁm
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SO WHY DO THEY BUILD DAMS?
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BEAVER LIKE TO MAKE MESSES

g

Beaver and
o Nt h Chmate C]]a_nge Adaptau

ASimple, Cost- bﬂecnve Strategy
Mmﬁmnu. :mc.nm.rm Th.l-mcnnd

SEPTEMBER 2011

But it is precisely that
; ariar messiness, that is so critical
-'-Change tlmmg deﬁvery and 1o ecosystem health
storage or watgt sediment

’1



http://www.wildearthguardians.org/site/DocServer/Beaver_and_Climate_Change_Final.pdf?docID=3482

CONNECTIVITY & BEAVER DAMS?

e Vertical connectivity T~ .
increased by increasing:t N,

— stage, hydraulic head
— hyporehic exchanges and
groundwater exchanges
e That drives increases in
lateral connectivity
and increases channel- I
floodplain interactions

e Longitudinal connectivity is decreased by: 1
— Slowing, diverting and obstructing flow

— Changing the timing, delivery and diversifying residence time of
water, sediment, nutrients, carbon, wood, etc.

Riparian Restoration IIJJ,L
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http://www.blm.gov/style/medialib/blm/wo/blm_library/tech_refs.Par.75656.File.dat/TR_1737-22.pdf

HOW DOES FLOW CHANGE WITH DAMS?

e |.e. — What is the impact on
longitudinal connectivity?
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YPICAL IMPACT ON FLOWS

Joumal of Hydrology 402 (2011)52-102
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e Elevated baseflow following T ot o

Effect of beaver dams on the hydrology of small mountain streams: Example
from the Chevral in the Ourthe Orientale basin, Ardennes, Belgium
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Department of Geagraphy, Ghent University, Belgium
® Department of Farth Sciences, University of Ferrarg, lialy

(Days) 10.1016/j.jhydrol.2011.03.008
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WE SEE THESE LOCAL TIMING IMPACTS
IN MANY SMALL STREAMS...

Sdence of the Total Environment 576 (2017) 430-443

Contents lists available at ScienceDirect
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Eurasian beaver activity increases water storage, attenuates flow and
mitigates diffuse pollution from intensively-managed grasslands
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HIGHLIGHTS GRAPHICAL ABSTRACT

= Beavers in wooded site, on first order
tributary draining from agricultural
land.

* Beaver activity has resulted in major

BN

changes to ecosystem structure at the ; oo
site. g o

= Beaver activity increased water storage s = .
within site and attenuated flow. iafaon 545 sanarmiao s snzrmA e

* Reduced sediment, N and P, but more e S i
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Hydrol. Earth Syst. Sci.. 19, 3541-3556, 2015
www.hydrol-earth-syst-scinet/19/3541/2015/

doi:10.5194/hess-19-3541-2015
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Impacts of beaver dams on hydrologic and temperature regimes
in a mountain stream

M. Majeroval, B. T. Neilson!, N. M. Schmadel', J. M. Wheaton”, and C. J. Snow!

Utah Water Research Laboratory. Department of Civil and Environmental Engineering. Utah State University.
8200 Old Main Hill, Logan. Utah, 84322-8200. USA
?Department of Watershed Sciences, Utah State University. 8200 Old Main Hill, Logan, Utah 84322-8200, USA

Correspondence to: M. Majerova (milada.majerova@gmail.com) and B. T. Neilson (bethany.neilson@usu.edu)

Received: 3 December 2014 — Published in Hydrol. Earth Syst. Sci. Discuss.: 22 January 2015
Revised: 30 June 2015 — Accepted: 2 July 2015 — Published: 11 August 2015

Abstract. Beaver dams affect hydrologic processes. channel understand the impacts of beaver dams on stream ecosystems
complexity, and stream temperature in part by inundating ri- and their potential role in stream restoration.
parian areas, influencing groundwater—surface water interac-
tions, and changing fluvial processes within stream systems.
naeegoparadesa jpmaacts #f Deanow dans AOAYIIQMZIFARTE 4.4 18 29 0 2 4004 Ao a0 2ad™® oo 25 4 b S p 2 d P o

e Has lead to the extrapolation of impacts on

hydrologic connectivity

e But, we DO NOT know how these impacts scale-

up and culminate...




AT A BROADER SCALE (e g BEAR RIVER)

QUESTIONS...

1. How much transient water )
storage associated with

_these leaky beaver dams? |

-

As an illustrative
Western example:
 The entire Bear
II\EfIIl:,r:EI:ﬂn 1,280 m / 4,198 ft River Drainage
o S sy aen e 19,261 km?
Precipitation e Over 804 km long
Minimum: 229 mm/ 9in _ malnStem

Maximum: 1,549 mm / 61 in
Average: 533 mm/ 21 in




HYDROLOGIC MODELING couLD EXPLORE TIMING

1D Diffusion in River and Interaction with Land

* Needs to be spatially Subsurface + Surface
distributed B AR
 Need to better L5 3 |

understand beaver
dams as N -
sources/sinks of | OSTN
water (i.e. storage),
routing (i.e. changing
timing) & other loss
terms (e.g. ET)

* No off-the-shelf
model adequately

represents beaver
dam impacts 2D Diffusion on Land Vertical Infiltration

So we need to learn to crawl (i.e.

parameterize storage problem) before
we can run (i.e. simulate timing) ANABRANCH ﬁ--auimsm
‘_ SOLUTIONS ~

University
EFARTMENT OF WATERSHED SCIENCES



OUTLINE
COULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

Il. Scope of storage —

what we need to know

I.  Where the dams could be
II. How big they could get

T "‘—" 3

I[I1. Surface water storage © Cadel Wheaton
IV. Increase in groundwater
storage

[11. Implications: How does that compare to what
we are loosing in snowpack?

IV. Conclusions N -

‘sru.unous University
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BEAVER INCREASE WATER STORAGE

Beaver Dams

Area of Surface Water Storage
Potential Area of Ground Water Storage

¥

-__Where e how’ many beaver dams could We
: reallstlcally find/support?

How blg are those dams?

Al UtahState

Sure, but to what degree and A
) ANABRANCH /’dATnm University
Ove r Wh at eXte nt? SOLUTIONS DEPARTMENT OF WATERSHED SCIENCES




OUTLINE
COULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

I1. Scope of storage —
what we need to know 2=

I. Where the dams could be |
Il.  How big they could get @

T "‘—" 3

I[I1. Surface water storage © Cadel Wheaton
IV. Increase in groundwater
storage

[11. Implications: How does that compare to what
we are loosing in snowpack?

IV. Conclusions N -
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A BEAVER DAM CAPACI

Y MODEL

e Resolves where and at what level (within a drainage
network) beaver dams can be built and sustained

e BRAT (Beaver Restoration
Assessment Tool) is all
about Aow many of these

GEOMOR-05449; No of Pages 28

Gaamorphalogy 1o (2015 300-300

journal homepage: www .elsevier.com/locate/geomorph

Contents lists available at Science Diract

Geomorphology

Modeling the capacity of riverscapes to support beaver dams
William W. Macfarlane **, Joseph M. Wheaton **, Nicolaas Bouwes >, Martha L. Jensen ?, Jordan T. Gilbert %,

Nate Hough-Snee =b John A Shivik®
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ARTICLE ABSTRACT

e hary: hydratlc, geomorphic, and ecological faedbaks

Raceived 2 June 2015 that increase: tic and terrestrial biota.

Received in revised form 16 Movember 2015 Depend dams within adminage network, they connee-

el B Novener 2013 tivity b delivery, and storage of water,
" sedimen, nutrients, and orgnic matter undersiood,

Keywords braader here beaver dams can be built and highlight their impacts on

Narth American besver connectivity P pa the limits

Conneciniy of suppert dam-buil ies by beaver across physis pes Wees-

Stream estoration ith freelyand (1) meliable

Habitat modeling
Riparian restoration
Fuzy nference systems

waaler source, (2) riparian vegetation conducive to faraging and dam building, (3) vegetation within 100m of
edge of stream to support expansion of dam complexes and maintain large colonies, (4) likelihood that
channel-spanning dams could be built during low flows, () 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 predudcnm building or persistence of dams, and (7) a suitable river that is not too large to restrict

factors in 2 frame-
work tha explicity alsn accourt for model e uncerainty.The model wasrunfor 40561 kmof sesms ntiah,

USA, and porti 256204 averag
capacity of £8 dams/km. We validated rmd(-l pennmum using 2852 ebserved dams across 1947 km of
streams. P

eri i} e o
categories Thatis beaver. the model be supported, beaver

avoided segmentsthat aippat
“nd bl cam i e predits fo v pervasive dam censies. The reslng smnallyrxnhm r(xh-mk‘
(250 m long identifies tivity is sustainable, and ai
ean ocur acrass a landscape. fs such, be used to d
wetland connectivity are likely to persist or expand by promoting increases in beaver dam densities.

© 2015 Elsevier BY. All rights reserved.

1. Introduction vertical and temporal connectivity of stream channels, floodplains,

and adjacent uplands. Beaver dams increase lateral connectivity by

Due tothe suite of hydrologic, hydrulic, geomorphic, and eclogical
feedbacks associated with the dam- building activities of beaver, both
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

~ Comesponding aut
Email address: V\aHJMacmhmmnﬂ(mw (WM. Maclarlane).

linking sream channels, N00dain, 30 3 acnTuplands subsequent-
(Burchsted etal.,
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,

hitp:dxcoiorg/10.1015/) gsomarph 201
0158555/ 2015 Eksevier V. Aﬂl@lh reserved.

Please cite this artide as: Madarlane, WW., etal i pacity
dx.doi.org/10.1016/.geomarph.2015.11.019

tosupport @ (2015), herpyf/

e Nor how much water they

store http://brat.joewheaton.org 10.1016/j.deomorph.2015.11.019



http://dx.doi.org/10.1016/j.geomorph.2015.11.019
http://brat.joewheaton.org/

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

Modeled capacity of
riverscape to support
beaver dams

nW’\‘\Tﬂmw'ca-paclty

e ¥
y & Q2 stream power (watts/m)
|~ (-1:Rare 1 ~ e () -1000 (Dam persists)
1 - 4: Occasional ; s ~r—— 1000 - 1200 (Occasional breach)
<~ §-15 : Frequent o : A~ 1200 - 2000 (Occasional blowout)
M 15 - 40 : Pervasive + e > 2000 (Blowout)

Maximum dam density
(Beaver dams / km)

S
Baseflow
. stream power

Drainage area (sq km)
=~ (0 -10,000 {Can build dam}
~M~~— > 10,000 (Cannot build dam})

{ Maximum dam density
(Beaver dams / km)

~Nr— (3: Nane
~Mes -1 Rare
1-4: Oceasional
5-15: Frequent
AN~ 16 - 40 Pervasive

0 5 10 15 Km

il Slope of stream segment
0-05% (Really flat)
~= 0.5 -15% (Can build dam)
~M— 15 - 23% (Probably can build dam)
M~ > 23% (Cannot build dam)

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

~A— 175 - 190 (Probably can build dam)
~N— >180 (Cannot build ciam)

Qutput

10.1016/j.geomorph.2015.11.019
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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.

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

MNone 4639 12% -

Total 40,561 356,294
 Note: Utah is second

driest state in US

Maximum Dam Density
(Beaver Dams / km)

5-15: Frequent
~\r~—— 15-40 : Pervasive

~N~~— () : None
0-1:Rare
1 - 4: Occasional

10.1016/j.0eomorph.2015.11.019

Great Salt Lake
% Desert
]

Sevier
Desert

{ - Escalante
* Desert
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BEAVER DAM CAPACI

Maximum capacity =
41,484 dams
6.3 dams/km

» Upper Bear highest
capacity 13,331 dams (8.3
dams/km)

e Lower Bear-Malad lowest
capacity 3526 dams (3.1
dams/km)

o Little Bear / Loganis @
18% of 7402 dam capacity
(i.e. 1313 dams)

» Highest capacities in
headwater streams

Valley-bottoms cover

~8%0 of the basin
From Hafen (2017)

HE BEAR

Bear Lake

IDAHO
WYOMING

v
g — -

Lower Bear-Malad

Central Bear

- —

Little Bear- |

> Upper Bear
Syaver (.iam Logan River §~
capacity
(dams/km)
AN~
N 01 _WIO_MEI(IE_ e’
1-5 U-TAH

5_.15 :l HU8 boundaries
T T :

I 1 1
N~—15-30 o & 1o = op = o A




BRAT-INFORMED BEAVER DAM SCENARIO GENERATOR

A. 5% ko 2 B. 25%

For each HU12:

1. Rank stream
reaches highest to
lowest capacity

2. Start with highest
capacity reach, add
a dam complex
with X dams

3. For each dam C. 50%
classify as primary &
(P=0.15) or
secondary (P =
0.85)

4. Continue until dam
capacity is reached,
or all reaches in
HU12 are occupied
by a complex
From Hafen (2017)

Quasi

D. 100%
n=34897

I T T T 1
0 20 40 60 80 Km

@® Primary dams
@® Secondary dams
|:| HU8 boundaries



THIS GIVES YOU HOW MANY DAMS & WHERE

A. Dam capacity scenarios (percent of maximum estimated dam capat:i%aSi

Number of dams modeld per HU12
B -25 [ ]26-50 [ ]51-100 [ 101-500 [ > 500

»
®oo0®
. . _

. .‘ E 3
@ Primary Dams S e

1 UtahState
® Secondary Dams i) ANABRANCH ﬁumversitv
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OUTLINE
COULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

Il. Scope of storage —
what we need to know

1. How big they could get |
I[I1. Surface water storage © Cadel Wheaton

IV. Increase in groundwater
storage
[11. Implications: How does that compare to what

we are loosing in snowpack?
V. Conclusions o 4@;‘\ e
‘.sow”o”, -1 University
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BEAVER DAM/POND MORPHOMETRY

All Dams
(count)

-
o

o

Dam Height (m)
Differences in height of dam types

 Primary 1.33 m
e Secondary 0.87 m

== Stream thalweg A. Dam Type
—— Pre-dam streambed 8
— - Water surface A — Dam crest elevation 2.5
- - Pond bottom B — Pond water surface elevation —_ _:_
- - Pond perimeter C — Minimum pond elevation ,E, 20 -
= Dam crest D —= Dam base elevation = ' o
B Water 1 — Head difference % 15 - : =
Agraded sediment 2 —= Dam height T ' \
@ Elevation measurement location =~ 3 — Dam crest length =
@ 1.0
[] [] [] D
Empirical evidence from 1772 dams = , ;
. ) 7] 4 I
 n =500 dams (field assessed) i

| |

* n =61 dams (from HRT) Primary Secondary
e n = 1211 dams (from Aerials) From Hafen (2017)



OUTLINE
COULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

Il. Scope of storage —
what we need to know §

11l1. Surface water storage Sl

IV. Increase in groundwater
storage
II1. How does that compare to what we are loosing

In snowpack?

V. Implications & Future Work - S ﬁmimm




POND VOLUME ESTIMATION

A. Digitzed features From Hafen (2017)

 If you have topography and
you know dam height... you
can work out volume (depth
In each cell * cell area)

e So, for each dam location,
we just need a dam height

. 95%

2.5% > 97.5%

50%

B. Extracted features

Primary Dams
(count)
F-9

2 | : : P=0.15

, 95%

10 -
P=0.85

Secondary Dams
(count)

o

Water Depth

. 1.0m - Pond extent ~ == Dam crest

Dam base extent ® Dam base

0.0 0.5 1.0 1.5 2.0 25 3.0 h
Dam Height (m) FLOW
0.0m



SURFACE STORAGE ESTIMATESZE

. Actual d
- Developed a topographically oxtonts

iInformed model of beaver
dams

e 1 m spatial pattern similar to
observed ponds

10 m data fails to model some
ponds because of its coarse

resolution ’ 5 ! s " Modeled 10m
AT NNE " .7 DEM

Pty
~~ DEM

Water Depth
225m ® Dam Location

’ Pond Extent

0.01m

F.

I T T I 1
a 50 100 150 200 Meters

From Hafen (2017) ft s ‘@;;;:;'ﬁg‘;;; A TERN University
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POND STORAGE RESUL

Water Volume (Million m3)

Water
Storage

A. Surface water storage

—
[&)]
]

—
o
|

[¢)]
|

— 12000

— 8000

— 4000

(million m?3)

5%

25%

Modeled Dam Capacity Scenarios (% of Max)

0.08

0.44

1.00

For entire Bear River Watershed:

N TR N T

1.88

Water Volume (Acre-Feet)

S & VALIDATION

Higher resolution
topography is better, but
10 m NED is adequate
(under predicts small ponds)

A.1mLiDAR
15 B Measured
O Modeled
B Overlap
T
3
(=]
]
1 [
B. 10 m NED
15
10
1=
3
o
(6]
5
0 H

1 1
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OUTLINE
COULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

Il. Scope of storage —
what we need to know

© Cadel Wheaton

V. Increase in groundwater
storage
[11. Implications: How does that compare to what

we are loosing in snowpack?

V. Conclusions A
UtahState
- @ -
DEPARTMENT OF WATERSHED SCIENCES



SIMPLISTIC GROUNDWATER MODELING

» MODFLOW — USGS F7

groundwater model e
Harbaugh 2005

e Limited groundwater
modeling to valley
bottoms (stream channel
+ floodplain) civert et al. 2016

e Primarily interested In
the change in
groundwater
elevation

 Vertical and horizontal —
hydraulic conductivity
from SSURGO database
(depth- and area-
averaged)

10 m

From Hafen (2017)



MODFLOW INPUTS AND PARAMET

1. Start with digitized stream network (e.g.
flow accumulation)

2. Extract DEM elevations to the stream
network (representative of stream water
elevation)

3. Add modeled pond depths to initi
stream water elevatio

Increase in water surface elevation
220m

0.01m

L] 1
150 200 Meters

From Hafen (2017)



GROUNDWATER INCREASE EXAMPLE OUTPUT

i
- A/ " "o
~ -

 Models increase in groundwater
s y
table within valley bottom. /;,
LY
4 ‘*"“;d Jﬂ)ﬁ’#‘
278 o
R P
‘1 “.il.“?
D e : :
IR e Wi Change in GW Elevation Multiply by soil
/iy | . Jo-0t0m field capacity to
f" . __Jow-oxm g convert change
i | Jo25-050m . | .
A’ B o010 In GW e ev_atlon
o, to change in GW
[_ Y:{" _L:;‘ o l.!." E»IEI 1[!!0 1;0 ZEHZI Meters VO|Ume

5 I Utal
> From Hafen (2017) ‘@?Efﬁﬁﬁﬂ "@U"?"ﬂ;“’
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INC. GROUNDWATER STORAGE RESULTS

B. Groundwater storage

e~ 157 - 12000
- =

(¢}
(= (¢b]
ie) LL
= Q@
\2_/10— - 8000 &
o <
= )
= -
(@) >
> 5o | °
- 5 4000 9
ot —
< 2
= S

=

0 -0

5% 25% 50% 100%

Modeled Dam Capacity Scenarios (% of Max)

For entire Bear River Watershed:

I T N N

LU 0.19 0.87 2.08 4.77

Storage
(million m?3)



COMBINED RESULTS

B. Storage volume

Water storage (acre-feet / million m?®)

0-10[___]o-0.01

E No water storage capcity from beaver :l HU8 boundaries

10-20 [ 0.01-0.025 20-40 [Jl 0.025-0.05 40-80 [ 0.05-0.1

80 -200 [l 0.1 -0.25

For entire Bear River Watershed (as
a function of % beaver dam capacity):

I N T T

Surface Water Storage
(million m?3)

Ground Water
Increase (million m?3)

Total Storage Increase
(million m?3)

From Hafen (2017)

0.08
0.19
0.26

0.44
0.87
1.31

1.00
2.07
3.07

1.88
4.77
6.65

z

Water Volume (million m®)

A. Surface water storage

- 12000

- 8000

- 4000

B. Groundwater storage

- 12000

- 8000

- 4000

C. Total storage

- 12000

- 8000

- 4000

5 25 50 100
Modeled Dam Capacities (% of maximum)

Water Volume (acre-feet)



OUTLINE

ICOULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

© Cadel Wheaton

111. Implications: How does that compare to
what we are loosing in snowpack?

V. Conclusions o ﬁm "
‘ SOLUTIONS University
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BACK TO THE TITLE QUESTION

e Could beaver dams A
compete with a declining [©*
a snowpack? B -

e Is 1.3 - 10 million m3a big
number?

e Per dam average estimates: |n Defense of a
— Pond Storage: Drop in the Bucket

e 55 + 9 m3per pond

| IMPACT

March 2017 | Vohsme 18 | Number 2

— Additional GW Storage:
e 125 + 30 m3 per pond

to maximize the

— Total Transient Storage 5 i 5 _.~Connecting the Dots e
Increase per pond: e I‘;ﬁfl.“?;i'z'_':__feéféﬁ22‘;;'{.,,_.1, e

e 180 + 39 m3 per pond
e 0.14 £ 0.03 acre-feet per pond




THE BEAR RIVER BASIN: SOME BIG NUI\/IBERS

Is 1.3 — 10 million m3from =~ MiddleBear

beaver dams big number? Lower Bealilen SRR

~ WYOMING

s P
A N aln d
— e ——— ,h

Annual precipitation
~10.6 billion m3 (8.6 ;
million acre-feet) with

~43% snow =
Annual discharge to Great = v

Salt Lake ~1.7 billion m3

(1.4 million acre-feet)

Current reservoir storage

383 million m3 (—310,000

acre-feet) N i

Proposed reservoir eronty ~n Perennia e "B "B oW Uroer Boar
L \ Y stream network =SS EEEL s o An

storage = 271 million m3 Vot

4 Central Beqlf _

~(million m?)

> 0o4 A Proposed

reservoir sites

(~250,000 aCre-feet) le 4.8 [ Hu8 boundaries
® 3-14 B
® 14-25 @f
® 25-82 D
From Hafen (2017) C—Tpah it

1 =
0 10 20 30 40 Km [T Y



SNOWPACK - NOW & PREDICTED

Percent Snow (Histoic DJF Mean)

B - 0%

Percent Snow (20352065 DJF Mean)

[ 10-25% ¥, B <0
[ ]25-50% e []10-25%
[ ]s0-75% ,ﬁ R
8 [ 50-75%
[ 75-90% i oo

e I oo - 100%

|| [] uints-wss stch-Cache NF Boundary

| [ Asniey NF Boundary

8 4[] us state Boundary

B [ o0 100%
[ vinta-Waes stch-Cache NF Boundary

[ 2sniey NF Boundary
[ ] us State Boundary

e Shifting to mix-rain snow & smaller snowpack

Klos et al. (2014);



http://onlinelibrary.wiley.com/doi/10.1002/2014GL060500/abstract?systemMessage=Wiley+Online+Library+and+related+systems+will+have+3+hours+of+downtime+on+Saturday+12th+September+2015+from+10:00-13:00+BST+/+05:00-08:00+EDT+/+17:00-20:00+SGT+for+essential+maintenance.++Apologies+for+the+inconvenience.

Elevation (m)

ESTIMATING SWE LOSS IN BEAR RIVER
TO GET TO VOLUMES

4000 S

Snow dominated

3500 S

3000

| Future
snowline

2500

2000 —

Rain/Snow Mix

S

1500 ——
[] HU8 Boundaries

1000 T T 711
0 10 20 30 40 Km

Upper Cetral Bear Middle Little Bear Lower Bear
Bear Bear Lake Bear Logan River Malad

We can estimate where might be most sensitive to peak snow
water equivalent (SWE) loss, just by hypsometry (i.e. elevation)

From Hafen (2017)



PEAK SWE — ELEVATION RELATIONSHIP

Richard’s Growth Equation

SWEpi(elev;) = A [1 + v e:-:p{1 +v4 %(1 s v]“"éiﬂ. _ efw,—}}]

* A = snowline elevation (m)

e Develop relationship between
SWE and elevation with
SNODAS (SWE) and a DEM
(elevation)

e Represent warming by shifting
the snowline elevation upward
(A parameter)

QAGU

Geophysical Research Letters

| ..

RESEARCH LETTER

A simple framework for assessing the sensitivity
of mountain watersheds to warming-driven
snowpack loss

Christopher J. Tennant', Benjamin T. Crosby', Sarah E. Godsey', Robert W, VanKirk™,
and DeWayne R. Derryberry”

niversity, Pocatello, idaha, USA, “Henry's Fork Foundation, Ashton, ldsha, USA,
L5 Ui rsity, Arcata, Califarnia, USA, *Depantment of Mathematics, kaho State

Abstract The common observation that snowpack increases with elevation suggests that a catchment’s

P e I T 1 R s T i Y- L L VERP R iy

10.1002/201591063413

Peak SWE (mm)

Applied to Bear River Basin

= Richard's fit
=== +1°C
— = +2°C
==+ +3°C
— = +4°C

| | | | | |

1500 2000 2500 3000 3500 4000

Elevation (m)
From Hafen (2017)

Current peak SWE integrated
over Bear River Watershed — 4.5
billion m3 (~3,648,000 acre feet)


http://dx.doi.org/10.1002/2015gl063413

ESTIMATES OF PEAK SWE LOSS

A. Volumetric SWE loss From Hafen (2017)
+4 °C

1T 1T 1 '
0 20 40 60 80 Km

Water loss (acre-feet / million m?)

400-800 [ ]05-1.0 800-4000 [ ]1.0-5.0 4000- 8000 [ 5.0 - 10.0

8000 - 20000 [ 10.0-25.0 20000 - 40000 [ 25.0 - 50.0

____|+1°C+2°C[43°C+4°C

% Loss 22% 41% 54% 63%

Loss (billion m3) 1.0 1.9 2.5 2.9
Loss (acre-ft) 810,700 1,540,300 2,026,800 2,351,100



SWE LOSS MI

1GA

ION BY BEAVER DAMS

% SWE loss accounted for 0.4 to
1.3% by beaver dam water storag

e 1.3% (@ +1°C)
0.7% (@ +2°C)
0.5% (@ +3°C)
0.4% (@ +4°C)

@ Scale of entire
Bear River

Percent of SWE loss stored by beaver dams

B o-1% [ ]1-2%

From Hafen (2017)

B. Mitigation by beaver dams

-

A. Volumetric SWE loss

800-4000 (] 1.0-50 4000- 8000 [II 5.0 - 10.0
5.0 - 50.0

I
g
g
il

[ | No water storage capcity from beaver |:| HU8 boundaries j



SWE LOSS MITIGATION IN VALLEY-BOTTOMS

A. Volumetric SWE loss in valley-bottoms

e 9% SWE loss In
valley bottoms
accounted for 4-
12906 by beaver
dam water storage:

12.4% (@ +1°C)  worios comsoatrmsonm

T 1T 1 1 SRS
0 20 40 60 80 Km}Y

L
1-8[__ ]0.002-0.01 8-80 [__]001-01 go- 800 [ 0.1-1.0
[ ] 7. 1 % (@ + 2 © C) 800 - 4000 - 1.0-5.0 4000 - 8000 - 50-100 :l No water storage capcity from beaver [:l HUB boundaries
B. Mitigation by beaver dams
o
¢ 6.0% (@ +3°C) |
L

4.6% (@ +4°C)

« Valley bottoms are only
8% of land area

e So divide by smaller
number and

Percent of SWE loss stored by beaver dams

significance is slightly B o5 B soon [0 020 I 25-so I so- 100w

larger .
g = ANABRANCH m Utﬂ'lStatqt
< /JSOLUTIONS niversity

DEPARTMENT OF WATERSHED SCIENCES

From Hafen (2017)



WATER STORAGE AND SWE LOSS BY ELEVATION

m Existing reserviors ~ —— Beaver pond
9_| O Proposed reservoirs = — SWE loss +4°C |
10 - SWE loss +1°C 810000
108 —81000
o4 8100 B
Y
—~ o)
o 6_| - —
éé 10 810 Ei
[} [}
£ 10°— —80 <
_ =
S &
> 10* —80 >
2 [
®© 3 ©
< 10° —0.80 2
102- —0.08
10" —0.01
10°— 0.0

1300 1600 1900 2200 2500 2800 3100 3400

Elevation (m)

A UtahState
From Hafen (2017) o AN »fﬁUnwersnv
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Elevation (m)

m Existing reserviors ~—— Beaver pond
g | O Proposed reservoirs = = SWE loss +4°C |
CONVENEINTLY ° B R
L N
T DT TS 81000
—8100 “3.‘_’
— -~ 1
En . s 8
— -~ @
A. o o
£ -
B —
4000 - Snow dominated 2 Lgo S
o8 @
© w
= 080 2 |
3500
—0.08
—0.01
3000
T T T T 1T 17 T 1 I I I N I 0.0
1300 1600 1900 2200 2500 2800 3100 3400
2500 Elevation (m)
2000 - Current B, A% i
Rain/Snow Mix snowline ' ; T

1500

1 HU8 Boundaries

1000 T T T 1
0 10 20 30 40 Km

Upper Cetral Bear Middle Little Bear Lower Bear
Bear Bear Lake Bear Logan River Malad

e Beaver dams can store the most water Iin
many of the areas that are loosing the most
snowpack storage (i.e. peak SWE)

From Hafen (2017)



SPATIAL ESTIMATES OF MEASUREABLE

FLOW INCREASE

Upstream Beaver Dam Storage

Volume of baseflow over 30 days

* Relative to base flow

e Largest changes in
headwater streams with
high capacity

o Spatial differentiation on a
reach-by reach basis of
where beaver dams might
make a measurable
hydrologic difference

30 day % flow increase
0-1%
g - 5%
A= 5-10%
= 10 - 25%
M= 25 - 50%

From Hafen (2017)



OUTLINE
COULD BEAVER COMPETE WITH DECLINING SNOWPACKS?

© Cadel Wheaton

V. Conclusions _ ﬁ "
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CONCLUSIONS

- Some tractable tools for large-scale + =
assessment of:

— Estimation of capacity of riverscapes to support
dam building activity (BRAT)

— Defensible estimates of surface water storage
(even off of NED)

— Rough estimates (mainly driven by valley bottom ‘
width) of increase in groundwater storage A )

e The spatial modeling of above, Is the precursor to effectlve
spatially-distributed hydrologic modeling to explore more
Interesting question of timing impacts of beaver dams

e From narrow perspective of storage alone, losses
associated with declining snowpack can only be mitigated by
beaver dams to tune of 0.1 to 10%

e However, local and smaller stream connectivity (particularly
In headwaters) may be far more important
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e Partnering with Beaver In
Restoration:
http://beaver.joewheaton.org

e Beaver Restoration Guidebook
(Pollock et al. 2015)
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http://beaver.joewheaton.org/
https://www.fws.gov/oregonfwo/ToolsForLandowners/RiverScience/Documents/BRG%20v.1.0%20final%20reduced.pdf
https://www.researchgate.net/publication/318351273
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