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“When you pull on one
string in nature, you find
it is connected to
everything else”

John Muir



All water users strive for
certainty and control

Weather variability patterns, water
availability and changing human values
and needs complicate things




¥,
£)

y o~
o~

=3

. ,“55}7.
A Q’%
ot s
] £ v W A

":, et 7\

LA N 5 e 0 K 1o d ; 0 g '
. " : '\’.' 3 S 2 D N .82t 3 S At
X L . & 3 v . o) L . - Al = e o L A




Projected Upper Colorado River Flows vs.
Population Growth in Major Lower Basin Metropolitan Areas
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Water Use in the West
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- Municipal and Industry

- Irrigation and Livestock

e Water use in millions of gallons
per day, 1990



Effective water management is more than
building “buckets and pipes”

Miracle Mile Pathfinder Reservoir

Seminoe Reservoir Capacity 1016.5 kaf

Capacity 1017.3 kaf Kortes Reservoir
Capacity 4.8 kaf
Min Release 500 cfs

Alcova Reservoir
Capacity 184 4 kaf

North Platte River System

Seminoe Reservoir to Guernsey Reservoir
Total System Conservation Capacity 2,787.8 kaf Gray Reef Reservoir

Capacity 1.8 kaf
Min Release 330 cfs

Glendo Reservoir
Capacity 789 4 kaf

Conservation, Reregulation,
& Inactive 517.5 kaf

Flood Control 271.9. kaf

Guernsey Reservoir
Capacity 45.6 kaf



Instream flow isn’t an issue of JUST how
many fish are in the river (or lake)
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What is instream flow?
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Instream Flow Can Mean:

THE STATE OF W

Water in the creek but no Water permit or right but
regulatory mechanism no water

Water in the creek that’s protected by an enforceable regulatory mechanism



~ River systemor_justa segment?
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A little water, some of the time?




A seasonally adjusted flow regime?




Protection vs.
Restoration vs.

Mitigation




Riparian Maintenance

Channel Maintenance

Habitat Flow

Flushing Flow
Water Quality

* Upside Down Instream Flow
* Water is usually available
* Public land issue



Riparian Maintenance

Channel Maintenance

Habitat Flow

Flushing Flow
Water Quality

* Bottom up instream flow
* Need to find water
* Private land issue



Flow Regime Mitigation

Valley or Channel Forming Flow

Riparian Maintenance

Channel Maintenance

Habitat Flow

Flushing Flow
Water Quality |

* Avoid loss / maintain habitat quantity & quality if possible
* Improve / restore habitat quantity & quality when needed
* Reservoirs don’t mitigate river losses



o Instream Flow?

* A single, year-round flow?
* How abpuf instream USE?
* How about instream flow REGIME?
* What about LAKES & RESERVOIRS?



Instream flow isn’t just about the water

Institutional

Capacity

Involvement
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How well we integrate each element will affect how
the world looks and our quality of life.



Legal Nature

Modeled Nature

Adapted from Kut(1998)




Each Situation Is Unigue

Rivers and the
species that live
there change In
predictable
ways over time
and distance.







Rivers are defined by 5 elements
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Understanding how the parts go together is
crucial for managing rivers, making good laws,
and informing the public




How much water can we take out of ariver?
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Methods Evolution

1970’s — Hydrologic statistics
1980’s — Quantitative biology models
1990’s — Ecosystem processes

2000’s — Holistic methods



Types of Methods

« Standard-setting methods
— Estimate single level or threshold of flow

* Incremental methods
— Evaluate habitat value vs. flow relationship

* Multiple component methods
— Integrated analyses / multiple outcomes



Habitat Modeling Caveats

Models manage uncertainty —don’t eliminate it

No straight-line relationship between flow and
habitat.

A flow that's good for one species may be
detrimental to others.

A flow that maximizes habitat in one stream
segment may not provide much in another.

There isn’t a single “best” flow — think flow
regimes.



Hydrology

Valley or Channel Forming Flow

Riparian Maintenance

Channel Maintenance

Habitat Flow
Flushing Flow

Water Quality

River systems were built and are maintained by different magnitudes of
discharge occurring over time and space. (Hill et al. 1991)
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The problem with minimum flows . . .



Minimum Flow REGIME

Moderate Level of
Ecological Protection:
+/- 11-20% from natural

Natural flows

High Level of (undepleted and unregulated)
Ecological Protection

+/- 0-10% from natural

// \ Incrcmng Ecological Risk
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Cut-off flow (Tennant) ¢

Increasing Ecological Risk

Day of Year

Richter et al. 2011






Minimum flow. ..

 forariverisa * needed for ariver is an
hydrologic term and ecological (biological)
derived from gage data. term that can be
It is a very low flow that relatively large and
is typically derived from seasonally variable.

gage data.



What about average monthly flow regimes?
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Average flows = average habitat
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Does the recommended flow have
to be physically available all the
time to be feasible?
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Flows up to thé;_.r_ﬁﬁ{mended amount when
naturally available usually do the trick
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Hydrology Model Considerations

* Low to moderate effort
* Need long-term gage data
« Good for describing hydrology

* Relationship with biology is assumed

* Need other tools to assess needs for other
flow elements






Biolo

embraces all aquatic
organisms in the stream . . .

and the riparian corridor




Overall Habitat Suitabllity

Predicted Bluhead Biomass (Kg/m2) °

Il 0 Unusable
I 22 Unsuitable

83 Marginal
174 Optimal

i

200 400 600 800 1000 Meters
E Courtesy Rick Anderson, CDOW




Biology Model Considerations

 Emphasis has been on fish vs. other
organisms and riparian needs

 Focus on short-term survival or habitat
sultability — fish numbers is elusive

* Need other tools to assess needs for
other flow elements



Geomorphology




( Sediment LOAD ) x ( Sediment SIZE ) C><  (Stream SLOPE ) x ( Stream DISCHARGE )



Geomorphic condition is a function of:

e Sediment addition or
removal

* Flow addition or
removal

% * Channel form
. (alteration)




Geomorphology Model
Considerations

Usually have broad confidence intervals

Address long-term physical habitat (not
tied to species)

Need to specify timing, duration, ramping

Need other tools to assess needs for
other flow elements
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Water temperature
... any time of day or year

Warm Water Fish

Cold Water Fish
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Ice formation processes are a
function of flow and temperat
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Water Quality Considerations

» Addressed long before water quantity
* Focus on minimum flows and thresholds

* Don’t identify ecological trade-offs

* Need other tools to assess needs for
other flow elements



Connectivity
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Lateral Connectivity
(Floodplains)
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Vertical Connectivity

Losing to deep groundwater
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Losing to shallow groundwater

]
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Gaining from shallow groundwater

Losing and gaining from
groundwater

ceceine i
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Ecological Limits of Hydrologic Alteration (ELOHA)

SCIENTIFIC PRO

Baseline /| ; otrear Geomorphic
’ Hydrographs /~— ; Hydrologic Stratification
f Classification

" Hydrologic Model ™
~.and Stream Gauges -

S . | : ree ot Hydrologic
giyeegtepnsl - |AlECAROn by River Type

Step 4. Flow-Ecology Relationships
Fou-Ecdogy,/Eccogca Dat
! Hypotheses /" and Indices CEn

SOCIAL PROCESS

- Implementation I

3

Adaptive Adjustments




Even simple ecosystem modeling

can be complicated

stream Current Hydrograph Water use
impoundment (hydro regime)
Coros Fioode S Toods ( High flow pulses ) Low (base) flows {_ Extreme low flow
Sediment delivery Organic Spawning/seasonal
and transport matter delivery movement cues
I I Riparian Wastewater/
izzﬁzﬁion condition/ biota runoff
(type specific) Nutrients

Water qua
A\ (DO, Temp)

Biological C';Sirt:et
Channel productivity
Aesthetics / condition
(type specific) _
Boating
T Aquatic
isolation biota

Water quality
(human standards)

exotic
species



Institutional

Capacity

Public
Involvement




Public Involvement

Education

Input (hearings)




Institutional

Capacity

Public
Involvement




Institutional Capacity

Formal instream flow program
At least a strategic plan ‘
Staff

Budget

Training

Interagency coordination




The Problem?

Institutional capacity is one of the easiest ways
to undermine water management programs



International Instream Flow Program Initiative

A Status Report of State and Provincial Fish and Wildlife Agency

Instream Flow Activities and Strategies for the Future

Final Report for Multi-State Conservation Grant Project WY M-7-T

February 2009
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Top five needed resources
by F&W agencies:

* More staff

 More supportive laws

 More knowledgeable public
 More actively supportive public

 More supportive regulations and policies

Not more or better scientific methods



Institutional

Capacity

Public
Involvement




| WYOMING |
| STATUTES |
ANNOTATED |

LexisNexis

e Doctrines
e State laws

* Federal laws

Interstate agreements







Effective instream flow laws . ..
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Water Right Doctrines Matter

* Prior Appropriation

* Riparian

* Regulated Riparianism
e Reasonable Use
 Public Trust
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