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Disclaimers

e Disclaimer 1. | do not speak for the Yakama
Nation. Opinions expressed are my own.
Facts cited are from reputable sources or
made up for this talk.

e Disclaimer 2. Hydro-geomorphology is
probably not actually a word. But Dave Fast
assigned me the title, so | have to attempt to

speak about it.



Itenerary

Build the watershed from scratch
Water it up

Wreck it ...er... improve it
Improve the improvements



Yakima River
Basin 101

Largest watershed
within WA
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WASHINGTON

Drains east slope
of south WA
Cascades

Discharges to
Columbia above
Wallula Gap
(note the ridges)
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Yakima Basin Geology 100&1/2
Building the basic structure

* Yakima Basin History features

— Plate Tectonics
e Built the whole state
— Volcanic History
e Cascades
* Flood basalts
— Alpine Glaciation
e Erosion in upper basin
e Deposition in valleys

— Armwrestling
 Naches v. Upper Mainstem
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EXPLANATION
SIMPLIFIED SURFICIAL GEOLOGY

[ 1 Quaternary flood deposits
[ Quaternary deposits, loess
[ Quaternary and Pliocene volcanic rock

3. A, [ Columbia River Basalt Group rock
. -h [ Miocene and older volcanic rock
4 [ Tertiary granitic and intermediate intrusive rock

% [_] Nen-marine sedimentary rock
I Marine sedimentary rock
I Pre-Tertiary metamorphic and intrusive rock
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Figure 4.

Simplified surficial geclogy of the Yakima River Basin, Washington. From Fuhrer and others, 1994.



Down Under
Cross Section from Mt Stuart to Col. Riv.
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From: Field Trip Guidebook to the Natural
History of Kittitas County
Jana Jones Mabry

http://sharepoint.snoqualmie.k12.wa.us/mshs/mabryj/Field%20trip%20Guide%20Book/mabry%20FieldTrip%20Guidebook.pdf



http://sharepoint.snoqualmie.k12.wa.us/mshs/mabryj/Field%20trip%20Guide%20Book/mabry%20FieldTrip%20Guidebook.pdf

Plate Tectonics

The General Contractor
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. A diagrammatic cross section through the Juan de Fuca spreading
ridge and the Cascadia subduction zone (the area from the trench east to where
the Juan de Fuca plate sinks beneath the North American plate)

Information Circular 107, Roadside Geology of Mount Rainier National Park and Vicinity, by Patrick T. Pringle, 2008

ftp://ww4.dnr.wa.gov/geology/pubs/ic107/ic107_mt_rainier_guide_complete.pdf



Port Spokane

e Prior to about 200 million years ago, the
western margin of N Am. was near Idaho border

, PACIFIC
* Plate tectonic processes formed WA PLATE

e Yakima basin was excellent adult salmon

habitat, not so good for spawning and rearing JUAN DE FUCA
S PLATE

NORTH
[:] Island arc P AMERICAN
|| Submarine deposits  \/ PLATE
| Ancient acean floor i Sonoma terrane
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[ | Ancient continental \ UNITED STATES
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Figure 18. A sdhematic columnar section of principal rodk units east of Mount Rainier Matonal park . Linits are shown in stratigraphic order—no scale in
fime, thickness, or size implied, OWL zone, rock units of the Clympic—Wallowa insament Modified from an unpublished section by Pau E. Hammond,

1008,

€ Glacial, surficial deposits

€More Volcanoes
€ Ellensburg Formation (lahars)

€ The Great Flood
Columbia River Basalts

€Hot, Hot, Hot
Many subduction related
volcanoes

€ Backbone (Volcanic)

€ Sedimentary basin fill

€ Basement (imported)



Columbia River Basalts




ftp://ww4.dnr.wa.gov/geology/pubs/ic107/icl
07_mt_rainier_guide_complete.pdf
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Figure 5. Relief map showing the physiographic provinces and subprovinces of Washington State. Red
arrows show the general trend of the Olympic—Wallowa lineament or OWL.



Fold, Fault and Mutilate

ftp://ww4.dnr.wa.gov/geology/pubs/ic107/ic107_mt_rainier_guide_complete.pdf



Synclinal Basin
in Yakima Fold and
Thrust belt

YAKIMA
RIVER

YARMA RIVER
FLPPDPLAIN

TRIBUTARY
STREAM

T UNCONFINED
~—~ ALLUVIAL AQUIFER
SYSTEM

POSTBASALT
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e T -.JL\mc‘ r CLAYSTONE £l | AQUIFER SYSTEM
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2 ' ==z AQUIFER
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Not rivers, but leaky sheets of folded layer cake geology

In basalts, interflow zones most permeable

Alluvial aquifer water young like me, basalts old

Figure 3. The Three Principal Aquifer Systems in the Yakima River Basin

From U.S. Army Corps of Engineers, 1978,
Yakima Valley Regional Water Management Study



Why is the Naches Arm Different from
the Upper Mainstem?

* In Naches Arm
— Glaciers didn’t flow as far
— Quaternary lava flows did

e Especially in Tieton



Fifes Peak

Tertiary Volcanics




ftp://ww4.dnr.wa.gov/geology/pubs/ic107/ic107_m{_rainier_guide_complete.pdf
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EXPLANATION

post-Miocene High
Cascades volcano

eruptive center

margin of complex
covered by
younger deposits

fault with block
on down side

questionable extent
of complex or
eruptive center

pluton

20-22 Ma

23-24 Ma 46°N —




Spiral Butte

Quaternary Volcano




Goat Rocks and Glaciers
Quaternary Volcano in Naches Arm




The Tieton

A recent excavation project

The Tieton Andesite flowed down
the Tieton River valley from the
‘Goat Rocks to Yakima

photo by Wendy Gersel

§ iew i to the west along US 2.

ftp://ww4.dnr.wa.gov/geology/pubs/ic107/i
c107_mt_rainier_guide complete.pdf




Building the Basin
The Finish Work
Glaciation
 The Ice Age was a local phenomenon

* Continental glaciation did not reach this far
south

e Alpine glaciation profoundly modified Yakima
basin



Glaciers: the final major Modification
.Alpme not Contmenta

A

0 f“ue":f.?!f..]



Glaciers Erode
Glaciers Deposit

Ki : PLS»+Post- Lakedale soil
IT-Liras LL » Lakedale loess
PKS = Post-Kittitas soil
KL = Kittitas loess
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US GEOLOGOAL SURVEY
GCORGE OTIE GMITH, N
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lce Age?

e Glaciers hanging on
e Upper Cle Elum
 Upper Tieton




Cascades catch 100 inches of precip
mostly as winter snow

Yakima Valley is in the rainshadow.
Lowlands get less than 20 inches




The Yakima Basin lies on the Dry side of the Cascade Mountains:
Snowmelt dominated streams drain the Cascades.
Cascades block flow of moisture from Pacific Ocean.

Streams flow east through semlarld lowlands and dlscharge to Columbia River.
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The Evergreen State

The Ever-red State
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13 18 20 25 28 TEMPERATLUREE SCALE 190
M 1000 meters '
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Yakima River between Zillah and Buena, WA

d plain reaches keep river cool,
ease downstream flooding,

On a hot day Fish? stag
cordwood” on;c-o_ -



Now fix it

(like you fix a pet)
or

How to make a fish

hostile watershed

Blocked Areas
e Blocked by Storage Dams
e Blocked by Smaller Barriers

Recently unblocked

e Start by
blocking
passage of fish
into the
coolest habitat
with relatively
pristine habitat
and an
unregulated
hydrograph

Prosse

0 5 10 20 Miles
(N

YBFWRB




A bounty of irrigated
agriculture has replaced a
bounty of aquatic
resources

* 500,000 irrigated acres

* Irrigation water rights
>2/3 of mean annual
runoff

e Hydrographs profoundly
altered by combination of
reservoir storage and
irrigation diversions

e Legacy of
unscreened/impassible
diversions, dewatered
tribs, dewatered redds,
water quality degradation

EXPLANATION

Irrigation districts in the Yakima River Basin
[ | Kemnewick imigation District

[:l Kittitas Reclamation District

I:l F.oza Imigation District

[ ] summyside Valley Imigation District

[ ] vakioa Tieton hrigation District

I:l Wapato Imgation Project
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Figure 6. Surface-water irrigation districts, Yakima River Basin, Washington.
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Yakima Basin

Dealing with Effects of Irrigation
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Changing hydrograph

Effects of storage and diversion

Yakima River at Umtanum (RM 140.4)
Priod Average Floas, 19851594
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Naches River near Naches (RM 16.8)
Pericd Average Flows, 19851904
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Figure lll-1.—Conceptual comparison of measured flow and estimated unregulated flow
(measured flow corrected for storage, estimated diversions, and estimated return flows).

From YRBWEP Draft Programmatic Environmental Impact Statement
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Yakima Basin 101
The Water

 Yakima River Anomalies 1

— Normal River

e Starts small, gets big, getS b|gger

— Yakima River

« Starts small, gets big, gets small, gEtS blg, gets small...
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Roza Dam Issues
o7 -8 B|g river gets small
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Sunnyside Dam in 1905
Big river gets small again
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Irrlgatlon dried up the lower Yaklma River long before drought or climate
change had a chance.

YN is working with irrigators to restore lower river flows through water
conservation.

YRBWEP (1994 federal law) set initial target flow at 300-600 cfs depending on
supply.

Water rlght Settlement W|th SunnyS|de D|V|S|on leaving addltlonal 54+46 cfs




Prosser

Big River Gets Small for the Last Time
Back to 300-600 plus conservation plus KID move




Yakima River Anomalies 2

Normal smowmelt dominated rivers in the
northern hemisphere peak in spring-early
summer and recede gradually in late summer

The upper Yakima River peaks in August

The Tieton River (trib to Yakima) has its spring
freshet each September

Flows below the reservoirs drop dramatically
at the end of irrigation season
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F I I p — F I 0 p . Yakima River at Umtanum (RM 140.4) i Tieton River below Dam
Period Average Fiows, 19851994 Period Average Fiows, 19851904

wn'

ST

Flow reduction as
flow improvement
(less is more and

vice versa) V/

Rowin cfs
Powinds

SeeQuaCkenbUSh ommumﬁbhﬁpwmuqm . T S S e e Sy sy PR e
ra— —a Esirsiec Ureguisied” = Mesured —a Extivnted Uregulsiec”
Figure lll-1a N Figure Ill-1b

Upper Mainstem
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Figure Ill-1.—Conceptual comparison of measured flow and estimated unregulated flow
(measured flow corrected for storage, estimated diversions, and estimated return flows).

From YRBWEP Draft Programmatic Environmental Impact Statement



Now the Tributaries
Are You Sure You Want To Delete This Icon? Y/N
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So Waddyagonnadoaboutit?

Categories of Improvements in
Water Management

Stopping the bleeding
Making a bad thing not quite as bad

Getting fish to where the flow regime doesn’t
need improving

Conservation/diversion reductions to benefit a
stream reach

The package deal (YRBWEP lII, see Wendy)



Stopping the bleeding
as flow
“improvement”

The Black Rock Moxee
Groundwater Appeals
stopped permitting of
hundreds of new irrigation
wells pumping hundreds
of cfs of groundwater
tributary to the Yakima
River

IDAHO

LAW REVIEW

INTRODUCTION

ONE SOURCE: EVOLUTION OF THE POLICIES SURROUNDING GROUND
AND SURFACE WATER MANAGEMENT IN THE WEST
Barbara Cosens

ARTICLES

PROTECTING PRIOR APPROPRIATION WATER RIGHTS THROUGH
INTEGRTING TRIBUTARY GROUNDWATER: COLORADO'S EXPERIENCE ....voon.... g

Justice Gregory J. Ho Ir
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Rachel Paschal Osborn

INTEGRATING USE OF GROUND AND SURFACE WATER IN WYOMING ............. 31
Lawrence J. MacDonnell

THE MAXIMUM USE DOCTRINE AND ITS RELEVANCE TO WATER

RIGHTS ADMINISTRATION IN IDAHO'S LOWER BOISE RIVER BASIN .ooovvivi.. 67
Jeffrey C. Fereday and Michael C. Creamer

HYPROLOGICMODELS IN THE.COURTROOM :its v sttt g iy 2 113

Daniel F. Luecke

Comments

NEW DEVELOPMENTS FOR CONJUNCTIVE MANAGEMENT IN IDAHO:

WHY OUR EXPANIDNG UNDERSTANDING OF SCIENCE SHOULD EXPAND

How WE ADDRESS THE DOCTRINE AGAINST WASTE IN IDAHO WATER

RIGHI T RANSFERS oie, il oo Banal  haci Sliclen Sl ae pana it o 147
Dylan R. Hedden-Nicely

USING THE T FGAT SYSTEM TO GAIN CONTROI OE N ATIR AT

After the Black Rock study was issued, but prior to issuance of wa-
ter right decisions, the tribal hydrogeologist prepared a review of scientific litera-

: il..h 12
ture, summing up dozens of existing reports.




The Study
http://wa.water.usgs.gov/projects/yakimagw/

> 2O BT R A & TS OEETEEe  C USGS Home
‘_ = o ' ol : 3 2 i o v Contact USGS

science for a changing world s _ - Search USGS

USGS Washington Water Science Center

home projects/studies water data data requests publications links

D

Project Contacts
John Vaccaro,
934 Broadway,
Suite 300 Project Home | Status | Publications and Products | Related Links | News Releases | Data |

Tacoma, Wa 98402 Maps | Bibliography | Contact Us | Project Summaries | Partnerships | Proposed Model Scenarios

Yakima River Basin

{(Ivaccaro@usgs.gov )
(253) 552-1620

The ¥akima River flows 215 miles from the outlet of Keechelus Lake in the central Washington
Cascades southeasterly to the Columbia River, draining an area of 6,155 square miles. The Yakima
River Basin is one of the most intensively irrigated areas in the United States. Population in the
Yakima River Basin was about 228,000 in 1990,

Increasing demands for water for municipal, fisheries, agricultural, industrial, and recreational uses
will affect the ground-water resources of the basin. A better understanding of the ground-water
flow system and its relation to rivers and streams is needed to effectively manage the basin's water
resources.

In cooperation with the U.S. Bureau of Reclamation, the Washington Department of Ecology, and
the Yakama Indian Mation, the USGS is studying the ground-water system in the Yakima River Basin
and how it interacts with rivers and streams in the basin. The study includes data collection,
mapping of hydrogeclogic units and ground-water levels, and a computer numerical model to bring
together all the information.

Preliminary Finding:
Existing rates of groundwater use will result in about 200
cfs reduction in surface water budget (at equilibrium)


http://wa.water.usgs.gov/projects/yakimagw/
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Hydrogeologic Framework of the Yakima River Basin
Aquifer System, Washington
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scientific Investigations Report 2009-5152 e '_.;_-',_.,;,h -

1.5, Department of the Interior
1.5, Geological Survey

One Stop
Shopping

Framework Report compiles task
reports and synthesizes

e Geology: Stratigraphy and
Structure

 Hydrogeologic Units
— Hydraulic Characteristics

e Lateral and Vertical Hydraulic
Conductivities

— Necessary to calculate horizontal
and vertical groundwater flow
(Darcy’s Law)

* Storage Coefficients

— Necessary for transient
simulations of pumping

e Hydrochemistry

e Groundwater
— Recharge
— Water levels
— Flow System
— Pumpage

— isabout 312,284 acre-ft (about
430 ft3/s) (in 2000)

e Water Budget



YRBWEP Il
The next big fix

Each generation takes its shot at a big fix for the
Yakima Basin. This is ours.

YN has developed Integrated Package with irrigators,
others. We have consensus on...

Seven components to start fixing the big problems in
the Yakima Basin.

— Fish Passage at Reclamation Reservoirs

— Habitat Improvements and Passage in Tributaries

— Modifying Existing Structures and Operations

— New Reservoir Storage

— Groundwater Storage

— Enhanced Water Conservation

— Market-Based Reallocation

Additional land acquisition for mitigation



YN on Black Rock DEIS
It’s Not Just About Storage

 Tribal Chairman sent letter with Roza ID Board
Chairman recommending package approach
as alternative to Black Rock

— Incorporate passage at reservoirs
— Passage in tribs

— Reevaluate headwaters storage
— Look for affordable options

— Explicit YN Treaty Water



Bumping Reservoir

Salmon-free Status Quo
for a century N o ish

e Bull trout isolated

Expansion

* Some habitat loss above
and below lake

e Reintroduction of salmon
* Allows migration of Bull
Trout

e USFWS supports package




Bumping River S »
Below Dam
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Suncadia

Example of Resource Management by Cooperative Agreement with Private Entity

YN worked with developer early on. Results:

* No new water rights or exempt wells. Developer acquired all water needed for resort.

* At YN urging developer removed all planned dwellings from Cle Elum River floodplain, placed
geomorphic floodplain in conservation easement jointly held with YN, WDFW Pink area).
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Contributed

Taneum Creek Salmonreturn Taneum Creek

Event celebrates

. . Crews
Making after look like before salmon vorkto
recovery prOJQCt the Bruton
diversion
e Restore winter flow ¥ For THE DAILY RECORD damon
; Taneum
. Sal 1l be abl
° Remove Barrier |Zl reaglln;‘[))ril:i‘igs o?parenii}e?' Cren::'k
.. . habitat in tributaries of northwest
*  Replace irrigation water M the Yakima River in Kitti- of
tas County next week when Ellensburg
b Place LWD M crews put the finishing near
touches on a Taneum Creek Interstate
b Release Coho M dam removal project north- 90 this fall.
west of Ellensburg. e atrEEiEAn Lk
® Make SpeeCh |Zl A public celebration, I

which includes release of
coho salmon into the creek,
will begin with a tour of the

* Cooperators projectat 10a.m., Nov. 12, at

3661 E. Taneum Road, near

— YN/YKFP, WDFW, Wa Water Trust, WSDOT,
USBR, Kittitas Conservation Trust, Taneum
Creek irrigators, WDOE, BPA



http://www.usbr.gov/pn/programs/yrbwep/phase2/taneumcreek/taneumcreekstudy-final.pdf

Lack of fish
passage at
Reclamation
reservoirs (red)
and many smaller
irrigation
diversions (purple)
greatly impedes
salmon recovery.

Blocked Areas
e Blocked by Storage Dams
e Blocked by Smaller Barriers

Recently unblocked

Prosse

0 5 10 20 Miles
(N

Courtesy of YBFWRB




Fish Passage at Reclamation
Storage Reservoirs

All five Yakima Project
storage dams completely
bIoc ed fish Fassa ge for
salmon, steelhead, and bull
trout.

Four were built on natural
lakes that hosted sockeye,
which were extirpated in
the basin

Habitat above reservoirs is
relatively intact, public
owned nd has reIatlveI
cool tem eratures and
unregulated flow regime e

YN Goal: Restoration of
assage to all historic e
abitat, reintroduction of CLEALUM %D BUMPING LRSS
sockeye enhancement of s
Coho, spring Chinook, o
steelhead, and bull trout e —




Cle Elum River Above Dam

Pristine Habitat, No Salmon, until...
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Conclusion One

We can't solve
problems by using

the same kind of
thinking we used
when we created them

Albert Einstein



Conclusion Two

We can only solve problems by using the same kind of thinking we used when we

created them - Tom Ring 2005
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