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Introduction

The Yakima River Floodplain Market Analysis (th@ject) seeks to develop geographical information
and provide analysis to help determine the extedtgeneral location of floodplain restoration
opportunities in the Yakima Basin on privately owritvodplain land. It seeks to shavhere

floodplain restoration opportunities are dmav muctprivately ownedand is appropriate for

voluntary restoration incentive and easement pragrdt also will use simple ranking criteria to
prioritize parcels with higher potential restoration valuewsver, it is beyond the scope of this report
to assess the potential ecosystem service valtestfrable areas in each floodplain. The answer to
that question must await future evaluations.

Another important caveat is the fact that this repaentionally defined potentially restorable disn
using a broad and liberal method; we threw theange, so to speak. We felt that as an initial step
guiding attention towards potentially restorablegtiely owned areas, it behooved us to include as
many parcels as reasonably possible so that efamsission were minimized. Once this first coarse
filter has been applied, future analysis can refiveeselection with additional data collection, Iggis,
and communication with landowners to gage theilinghess to participate in voluntary restoration
programs.

This report focuses on privately owned lands, ddiplands floodplain restoration in the Yakima
Basin has historically received the majority of servation resources. The geographic scope of the
report is the floodplain of the main stem Yakimadrifrom Easton to the Columbia River, plus the
lower floodplains of the Naches River (figure BGoals are to determine the number of acres of
potentially restorable land for a floodplain seeganarket, to prioritize areas for NRCS program
outreach, and to identify sites for pilot floodplaestoration projects. It is hoped that using taport
along with others that have prioritized floodpla@storation in the Yakima Basin at basin-wide
(Stanford 2000) or floodplain (ICF 2012) scaled eilable greater progress towards restoring
floodplain ecosystem services and realizing mablesied solutions to water quality in the Yakima
Basin.

The project will build upon previous work in thekma Basin to delineate restorable
floodplain sites within current and former functafioodplains. Within the floodplain, land usellwi
be classified into agricultural, urban, and nataralas. An additional classification will distinghi
private and public ownership for each parcel, usingilable parcel information from Kittitas, Yakima



and Benton counties. As a planning tool, a simpiérimwas developed that uses readily available
data to prioritize parcels within each floodplaimddor the project area as a whole. Criteria idelu

land use type/ownership, size of the parcel, apprate flood frequency, and the type of surrounding
parcels. A qualitative assessment of the restargaatential for significant clusters of parcels is
included in a narrative form. Options for restavatthat are envisioned include purchase, easements,
and incentive programs that help landowners withgats such as riparian plantings, exotic species
control, or wetland enhancement.

This report provides geographic data in the forrstafic maps (electronic and hard copies) and a
package of GIS layers for use by entities plantinfyind or implement floodplain restoration in the
Yakima Basin.

The impetus for the project came from early mesatioigthe Yakima Basin Clean Water Partnership
(YBCWHP, the Partnership), a stakeholder based gimtysed on cost-effective means to improve
water quality in the Yakima Basin. The YBCWP reciagd that floodplain restoration offers a
potential avenue to improve river system functiod water quality while helping to offset the need
for expensive waste water treatment technologyghatides diminishing returns on the dollar. Thus a
long term goal is to develop a floodplain ecosyssemvices market; this report provides information
about the potential supply of restoration creditssuch a market.

The Yakima River drains the east slopes of the @e@ascade Mountains in Central Washington
State, and joins the Columbia at the Tri-CitiesaavEWashington. The Yakima is the largest tribytar
of the Columbia River in Washington state, with @am annual regulated flow of about 3600 cubic
feet per second (cfs) (Vaccaro 2009). The headwdétaw through forested montane zones and
shrub/steppe foothills that are largely held inlmubwnership, but the bulk of the lowlands hasrbee
converted to irrigated agriculture, with some 500,@cres of irrigated cropland helping make the
Yakima Valley one of the most productive and valaagricultural areas in the United States (Fuhrer
2004). Most of the agricultural development hagtaglace in the large, flat, alluvial valleys tha¢ a
key feature of Yakima Basin geology (figure 1).

The Yakima River is unique in Eastern Washingteems in having extensive alluvial floodplains
(Stanford 2000). Alluvial floodplains are flat saces formed by deposits of the river running thioug
them; the porous gravels and cobbles forming thediplains allow for extensive connectivity between
the surface water flowing in streams and the shafjooundwater (alluvial aquifer). These floodplains
also tend to flood frequently in the absence addicontrol measures such as levees. The combined
effect of hydrological connectivity and frequerdadtling means that the large alluvial floodplains of
the Yakima River are key areas for storage of fleaigrs, riparian vegetation that requires access to
shallow groundwater, nutrient cycling, and buffgrof temperature (Stanford 2002, Opperman 2009).
Thus the floodplains are centers of biological sty and productivity (Tockner 2002), and also
supply large proportions of the ecosystem servyicesided by the Yakima River.



While the irrigated agriculture is the life-bloofitbe Yakima Basin economy, it also has driven
extensive degradation of water quality through fldiwersions from the river and through run-off of
agricultural chemicals and fine sediment (Fuhréd0Further degradation of water quality comes
from points sources such as waste water treatntantsp(\Wise 2009). Although water quality,
especially suspended sediment loads from drairssinmaroved in recent years, continued
improvement is needed in the face of ongoing pdjmulagrowth and potential changes in river flows
due to climate change (Vano 2009). The need fancleater is imperative with regards to continued
efforts in anadromous fish population recovery, harhealth and welfare, and in order to meet federal
and state water quality standards. Water qualdyitoring data for the Yakima Basin is available on
the Washington Department of Ecology (WDOE) weBsite

! http://lwww.ecy.wa.gov/programs/eap/fw riv/rv._maimh
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Figure 1. The Yakima Basin, showing the major strad floodplains, hydrological features, townsgdan
ecological zones. Towns are: CE=Cle Elum, E=EllangbN=Naches, Y=Yakima, UG=Union Gap, WS=White
Swan, T=Toppenish, S=Sunnyside, M=Mabton, P=Prpaser R=Richland.

Floodplains (and river systems as a whole) prodo@ey goods and services that are valuable to
human society (Opperman 2009). These include fitochge, off-channel fish habitat, riparian
habitat, nutrient retention and cycling (Costan287), and buffering extremes in water temperature
(Arrigoni 2008). This report focuses on nutrientloyg and flood storage; however it is likely that



restoring these functions will create conditiorat thiso benefit habitat enhancement and water
temperature amelioration.

Flood storage and nutrient cycling depend in parsimilar floodplain functions, configurations, and
characteristics. Hydrological connectivity is craldior both services; water and nutrients from élso

and smaller flows need access to floodplains thaease retention time, trap nutrient bearing
sediment, and reduce flood heights. However, vagipect to flood storage there is a premium on large
areas of floodplain that in most years are dryahsee it is the larger floods that tend to causertbst
damage. On the other hand, nutrient cycling demé&medsient inundation, suggesting that annually
flooded areas would be advantageous in this caseieNt cycling, particularly nitrogen attenuation,
requires dissolved organic carbon for de-nitrifieat This is often a product of riparian vegetatio
decomposing in the floodplain strata, so areas fratpuent inundation also need sufficient riparian
vegetation of various age classifications.

In order to determine the restoration potentidladdplains, some definition and description of
floodplain restoration methods was needed. We basedefinitions on the broad methods described
by Roni (2008) to define restoration actions. Wesghtwo categories from Roni’s table 1: riparian
rehabilitation and floodplain connectivity and rbhigation. Riparian rehabilitation includes plamgi
riparian vegetation, and protection from grazimgour definition we added removal or control of aon
native plant species. Floodplain connectivity agloabilitation includes levee removal, reconnectibn
floodplain water bodies to the channel, and creationew flood plain habitats (e.g. wetland or pond
excavation).

Flood storage and nutrient cycling require thatewfitom the stream channel be able to interact with
floodplain topography and vegetation. A key fadioboth ecosystem services is residence time, the
length of time that flood waters remain in the tiptain before returning to the channel (Tockner
1999). A long residence time allows flood waterslow, dropping sediment and associated nutrients,
as well as warm up in spring floods which enharmek®gical activity and nutrient cycling. Restoring
hydrological connectivity allows flood waters tarsad and slow over larger areas of the floodplain;
restoring or enhancing riparian vegetation roughkadloodplain surface, which acts as a filter for
sediment and further slows flood waters down (Tecki®99). In this report we use the size of parcels
and the frequency of inundation from Federal EmecgeManagement Agency (FEMA) flood maps as
a proxy for evaluating the residence time of flocaters.

Methods

All data used in the report is publically availabheough the internet or through the three counties

the Yakima Basin, or State and Federal agenciestébde XX for a list of data sets and sourcesyeBa
data included 2011 aerial photos, tax parcel bouesland associated information, Federal Emergency
Management Agency (FEMA) floodplain mapping layensd floodplain layers from The Reaches



Project (Stanford 2002). Additional data includsdtaulic modeling from the U.S. Bureau of
Reclamation, hydrology data from the USGS, anddeleta from the state of Washington. Geographic
analysis was conducted on ESRI ArcGIS 10.1.

Tax parcel land use and ownership were acquirad #dtitas and Yakima County Geographic
Information Systems (GIS) departments and fromedtatd use dafaFor Benton County, only the
state database was used but it was supplementedwatmation from the Benton County Shoreline
Analysis Report (The Watershed Company 2012)evee information was derived from a
Washington State DOE databjsand a wetland GIS layer was downloaded from tagaXal
Wetlands Inventory websfte

Aerial photos from 2011 for Yakima, Kittitas, an@rfon counties were acquired from the USDA
Geospatial Gatewdy

Table 1. Data sets used in this report

Data layer Source

Parcel layer for Kittitas and Yakima counties ~ CquAtssessors/GIS department
Land use layer WA DOE web site

FEMA flood hazard layer WA DOE web site

National Wetlands layer NWI web site

Aerial photography USDA Geospatial Gateway
Hydraulic model output layers USBR Yakima Field iCdf
Basemap layers ESRI online GIS data

Reaches project floodplain layers CWU Biology Démpent

Levee layer WA DOE website

The initial step was to define the study area. &ipains were defined in a 3 level hierarchy based o
geomorphology and flood frequency. The structucairtdlaries of the floodplains of the Holocene
period were defined from maps produced in the Resobport (Stanford 2000). Within these large
areas, FEMA flood mapsvere used to define 100 year floodplains and fleeys. Floodways do not
have a consistent definition across counties, hewthe WDOE website defines floodways as "the
border area of land that normally gets inundataihduannual or 10-year floods®.'Floodways are a
rough proxy for an annual or semi-annual flood, rehs the 100 year floodplain is normally inundated
with larger, less frequent events. The large Hathecor structural floodplains were used to clip the
FEMA 100 year flood risk zones and the FEMA floogvgpatial layers.

2 http://www.ecy.wa.gov/services/gis/data/data.htm

3 http://www.co.benton.wa.us/pView.aspx?id=3330&catif
4 http://www.ecy.wa.gov/services/gis/data/data.htm

5 http://www.fws.gov/wetlands/Data/State-Downloadsiht
8 http://datagateway.nrcs.usda.gov/

" http://www.ecy.wa.gov/services/gis/data/flood/floatin

8 http://www.ecy.wa.gov/programs/sea/floods/indexlhtm




Using names from the Reaches report, the selelctedpiains are, from upstream to downstream:
Kittitas, Naches, and Wapato. The Benton floodptiiwnstream of Prosser was included on some
tabulations of acreages, but was not fully analytédited resources dictated that we not analyz8 al
larger floodplains in the Yakima Basin, however tineee chosen have merit for several reasons, First
they represent the bulk of the lowland floodplaieaa Second, the selected floodplains are set in
valleys that host most of the irrigated agricultued thus are subject to high levels of waterigual
degradation. This is germane because the one dbthises of this report is water quality. Thircedk
floodplains sustain some of the most severe darftagefloods, which links to the focus on flood
storage.

It is important to note that the Union Gap reaclhhef Yakima River has not been included in this
report. The Reaches Report noted that the Unignr&ach should be one of the highest priorities for
floodplain re-connection. As a result, local, sfdederal agencies, and the Yakama Nation have bee
working on acquiring land, extending a bridge spand setting back levees in the reach. lItis
important from an ecological perspective and widlgnlikely result in water quality improvements,

but due to the extensive resources being allodatstiidy and analysis the Union Gap (aka Gap to
Gap) reach, it is not included in this analysis.

The tax parcel layers for each floodplain were tbigmped using the FEMA 100 year and floodway
layers. For each floodplain parcels were clagbiéie private or public, and by land use as agticailt
parks/ open space, residential, urban, indusetal, A further subdivision of agricultural was reaas
well, distinguishing pastureland, annual croplasdyerennial crops. This distinction was made based
on suggestions in Opperman 2009 that pasture latiéianual crop land can be compatible with
hydrologically connect floodplains; i.e. floodplaithat are inundated at least every two years.

After floodplain parcels were assigned values taheof the attributes listed above, a simple trolkesh
inclusion classification was used to eliminate p&avith very low potential for restoration. The
guiding assumptions for these criteria are basedmohuse and size. It was assumed that residential
urban, and industrial land was incompatible witstoeation. Agricultural land, both currently in use
and not, plus recreational land, parks, and opanespere assumed to be compatible with some level
of restoration and were included in the analysisiz& threshold of 1 acre was imposed to eliminate
smaller parcels. In addition, a visual inspectibeach floodplain using the aerial photos was used
further filter agricultural use types and to detecbrs. Parcels with perennial crops (orchardd) an
parcels that were dominated by irrigated cropsgesfly crop circles) were filtered out under the
assumption that these high value crop areas wailbeneasily restored. Pasture land and fallow
parcels were included. Errors included mis-clasdifparcels, e.g. parcels that were classified as op
space but obviously contained residential units.

After the final working set of parcels for eachdtiplain was selected, as detailed above, values for
each classification attribute were used to rankéiséoration potential for each parcel within each
floodplain, and then within the basin as a wholssémptions for the ranking criteria were that large
parcels were more advantageous, parcels connecteldr potential parcels to form large contiguous



areas were more advantageous, and that parcelexgting wetlands had a higher potential for
restoration.

A potential problem in parcel ranking was is thet that one parcel frequently occupies more than on
floodplain class; e.g. part of a parcel lies in #0eyear floodplain and part of it lies in the Zaye
floodplain. Analyzing percentages of each parcekfich floodplain class was beyond the scope of
this report, so that the approach we chose waglitqpgrcels across floodplain classes. This resalt
more and smaller units of analysis but since thpgae of the report is to report on total acres per
floodplain class and floodplain by land use, itsloet impact the assessment.

Table 2. Parcel Restoration Potential Ranking Gate

Criteria Description Points

Size Acres Weighted by acres

Wetlands Presence of NWI wetlands 1 points

Protected Land Adjacent to protected lands 1 point

Cluster size Acres of parcel plus all adjacentVeighted by contiguous
parcels size

2 to 10 year Parcel in the floodway 2 points

100 year Parcel in the 100 year floodplain 1 point

Results

! # %

This section provides tables and figures compasegral statistics for the floodplains that we
evaluated. Several terms are defined here fortgl4Restorable” means parcels that were identiéised
potentially restorable as described in the metlsedsion. “Protected” includes all parcels that are
owned by county, federal, state, or tribal governteeWe did not have data to evaluate easements on
private land, except in Benton Co. where a largéiguo of private land (Barker Ranch) is held in a
conservation easement. We assume that “protectedé|s will not be developed and will be managed
for uses that are compatible with functional flokadips. “Floodplain” indicates areas within the FEMA
100 year flood risk zone and the floodway.

To help compare the potential for restoration armsgstem service market supply across floodplains,
we calculated a ratio (termed the “restoratiorofatbetween the area already protected and the
potentially restorable area for each floodplairflopd zone (100 year, floodway, and total). This
metric is based on area only, and does not takenggahic or hydrological differences between
floodplains into account. Nonetheless it providesis insight into where the greatest opportunitoes f
restoration may lie among the several floodplains.



Table 3 and figures 2-4 show the acres of proteghedrestorable land for 4 floodplains (Benton has
only protected area data). The Wapato floodplabyifar largest, and has a low potential restonatio
ratio. The Naches floodplain, in contrast, is thbest floodplain but has a large amount of
potentially restorable land and a high potentiatomation ratio. The Kittitas floodplain is also &in
relative to the Wapato, and has moderate potemishbration ratios. A grand total of 4184 acres is
potentially restorable by the criteria used in gmslysis.

Table 3. Acres of restorable, protected, and &ri@h for three floodplains.

#/

L#]

-/

I/

Table 4. Ratio of restorable to protected landfioee floodplains.




Figure 2. Area in the 100 year flood risk zonerstorable and protected land for 3 floodplainsteNbat the
Naches floodplain has a large amount of restorable relative to protected land.

Figure 3 Area of floodway protected and restoréte3 floodplains.



Figure 4. Total floodplain area protected and madtie for 3 floodplains. Kittitas Floodplain.

8"

The Lower Naches floodplain extends from the caiflte of the Tieton and Naches Rivers to the twin
bridges just upstream of the Cowiche Creek confieefihis floodplain is substantially confined with
levees (Yakima County 2006), and only about 15%scdirea is currently protected. However, there
are several large clusters of parcels that rankgdih restoration potential in the center and
downstream portions of the floodplain. The centtaster (figure 7) is approximately 300 acres in
size, and contains several large parcels of noppa® agricultural and recreational land that may
provide an excellent restoration opportunity. fcaimay be important that this cluster of parcels in

a broad, naturally unconstricted part of the fldadplikely to so that additional reconnection or
riparian restoration could result in large bendisnutrient cycling. The cluster already floods i
large events, such as 1996 (Yakima County 2006} diea already functions for flood storage in the
largest flood, as seen in 1996 when it was inurtl@f@ekima County 2006). In addition, this cluster
lies between two areas of currently protected Bmthat a large zone of restored land is at least
potentially possible. Riparian planting could beaaticularly effective strategy in this area torpie
sediment and nutrient trapping.



Figure 5. Lower Naches floodplain showing the camhi 100 year floodplain and the floodway, based on
FEMA flood risk maps and the Yakima County Nachesn@rehensive Flood Hazard Management Plan
(CFHMP).



Figure 6. Naches floodplain showing weighted rasfiq3otential restoration parcels. Rank are 1 twifh 5
denoting the highest restoration ranking. Notetticlusters of highly ranked parcels in the ceatat bottom
right of the figure. A high resolution version big figure is included in Appendix A.



Figure 7. Central cluster of potentially restoratéecels on the Naches floodplain. Note protectedsato the
north and south of the cluster.
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The Wapato floodplain extends from Union Gap inrtbeth-west to Mabton in the south-east. This is
the largest and most expansive floodplain in thkirvia Basin (Stanford 2002), and even though
certain segments, especially in the upstream té3significantly constricted (ICF 2012), it remains
highly functional during large floods. This floo@h forms the eastern boundary of the Yakama
Reservation, and the Yakama Nation has protectge Ereas of it through the creation of wildlife
areas. On the east side of the floodplain, Wasbm§tate has also has purchased large acreages for
wildlife habitat. In addition, because of the pmeseof Yakama Nation trust land on the west side of
the floodplain, the number and extent of privatecels in the floodplain is limited. However, about
600 acres of privately owned parcels in the arstinorth of Toppenish would provide good
restoration opportunities as they would complentieatadjacent protected areas.



Figure 8. The Wapato floodplain showing the expam&i00 year flood risk zone and the large floodway.



Figure 9. Wapato floodplain, showing potential oestion areas and extensive protected lands. Meteltster
of high ranking parcels just north of Toppenishamiae center of the figure.



Figure 10. The central Wapato floodplain just natf oppenish (Toppenish is the town in bottom eenf the figure).
The ranked parcels shown total about 600 acreselpetential restoration areas would complementdtagively large
amount of currently protected land in the Wapatodplain.



)

The Kittitas floodplain extends from the confluerdelaneum Creek and the Yakima River in the
north to the head of the Yakima Canyon in the soliis floodplain is more fragmented and reduced
than either the Naches or Wapato floodplains, anal i@sult the floodway occupies most of the
floodplain in several areas. Potential restoraicgas cluster in the north and south of the floaidpl
with the middle zones being extremely limited istogation opportunities on either public or private
land. The northern cluster of potentially restoeghrcels would add about 300 acres of restored
floodplain where there is currently little protedtend; the southern cluster, near Ellensburg, doul
complement relatively large extents of protecteudilarhe southern cluster (approximately 700 acres)
is particularly important because the southern damnof the floodplain (the north toe of Manastash
Ridge) is a hydrological focus point for multipkébutary drainages in addition to the Yakima River,
and so the additional floodplain land may be hidteyeficial with respect to flood storage.



Figure 11. The Kittitas floodplain showing the stural floodplain, the 100 year flood risk zoned dhe
floodway. Note how the 100 year risk zone is fragted by roads and revetments (revetments not shown)



Figure 12. The Kittitas floodplain with the weigltranking of parcels and protected areas. Noteltis¢éers of
potential restoration areas near the upstream awdstream ends of the floodplain.



Figure 13.The Kittitas floodplain showing the upsim cluster of potential restoration areas dowastref the
Taneum Creek confluence.



Figure 14. The Kittitas floodplain showing the dastneam cluster of potential restoration parcels raatively
large protected areas.



Discussion and Conclusions

Perhaps the most pressing question regarding fiyysaf potential floodplain restoration on private
lands in the Yakima Basin was, “how much is therEfis report identified more than 4,000 acres,
approximately 10% of the total floodplain land aizaid, of potentially restorable private land on the
Kittitas, Naches, and Wapato floodplains. As statetthe introduction, the selection criteria were
purposely loose, so that only some fraction of4/@0 acres will be actually “restorable”. On the
other hand, the Easton, Cle Elum, Union Gap, amddefloodplains likely contain hundreds or
thousands more potential privately owned acrethedotal acreage throughout the Yakima Basin is
likely to be substantial.

Knowing that there are large amount of private lanfloodplains should be viewed as a challenge by
restoration practitioners and resource managestolild be possible for voluntary incentive progsam
and easements to accomplish genuinely benefig&bnation work on these parcels, but
communication and cooperation will be key sociatdes in implementing any program.

Another “how much” question looms as the next d@raje for advocates of ecosystem service
markets: what are the types and extent of ecosysg¢ewices currently and potentially available from
the floodplains of the Yakima River? We hope tihat tesults of this report will help prompt
restoration action on floodplain, that properly rntored, will begin to answer this next question.
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