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Abstract

Water quality conditions in four irrigatiowaterways Granger Drain, Sulphur Creek
WastewaySpring Creek Wasteway, ashipes Creek Wastewaywere assessed from
1997 to 2008.During summer months, because much of the water in the lower Yakima
River corsists ofirrigation return flow, the quality of water in the waterways can strongly
influence the quality of water in the riveln previous studies, these four waterways were
major contributors of total suspended solids to the Yakima RBarcentratios, loads,

and yields and potential factors influencihgir differences between years and between
drainage areas were evaluat€&bnstituentsassessenhcluded total suspended solids,
turbidity, fecal coliform, total phosphorus, total Kjeldahl nitrogamd nitrate+nitrite.

Trends were significantly downward for discharge and concentrations of most
constituents during the irrigation season in the four waterways. The largest decreases in
concentrations often occurred from 1997 to 208&dian bads ad yieldsdecreased
significantlyin most waterwaysNon-irrigation seasonamnedianconcentrations and

loads were variable between yearsldifferences between years were inconsistent
betweernwaterways Half of thenorirrigationtrend analyses found riiend and the

other half were a mix of upward and downward trends. As irriggeason

concentrations declined, the relative importance (concentrations and loads) of-the non
irrigation season increased for several constituedemsonal and temporalterns in

total Kjeldahl nitrogen concentrations generally were not similar to other constituents.

Of the factors evaluatedye rapid decline in concentrations from 1997 to 2000 doesd
be explained by improved irrigation practickeweverthe varability in water quality
improvementdbetween yeardid not corrgpondto thevarability between years
publicly-funded irrigation improvements 820,067,033hroughout the lower valley
Possible easons fothelack of correspondenceclude an unknaen amount of privately
funded improvements that occurred during the same years.

In response to decreased water suppligsd two drought yearand after a re

regulation reservoir was installed to improve the efficiency of the Sunnyside, Gaahl
susgended solidsoncentrationslecreaseditrate+nitrate concentrations increased, and
fecal coliform concentrations remained similar. During droagiat nordroughtyears,
concentrations of total Kjeldahl nitrogen atotial phosphorus remainedmparable

After the reregulation reservoir, concentrations of total Kjeldahl nitrogereasednd
total phosphorus decreased or remained similar.

Differencesin water quality conditionbetweenwaterwaysduring the nofrrigation
seasons may have been rethto differences in drainage basin characteriatics
hydrology Loweryields during the noirrigation seasons in Sprir@reek Wasteway

and Snipe€reek Wastewagompared to Granger Drain and Sulphur Creek Wasteway
mayhave beemfluenced bythe lackof urban areas, coarser drain substrate, more
surficial basalt, and lower proportions of the watersheds under irrigation. During the
irrigation seasorgifferences in water quality did not correspond as expected to
differences in drainage area charactess For exampleSpringCreek Wastewagnd



GrangerDrain had similar yields of total phosphorus and total Kjeldahl nitrogen, despite
significant difference@ crop types, irrigation types, soils, and slapes

Median yelds offecal coliform nutrientsand discharge were highia SulphurCreek
Wastewaythan the other waterwayisiring the norrrigation seasorut when a site
downstream of the City of Sunnyside was removed from consideratinoentrationsf
total suspended solids, fecal coliformdantal Kjeldahl nitrogein Granger and Sulphur
subdrainsbecame comparabldn SulphurCreek Wastewaysubstantial deposition of
particulate constituents during the Aiorgation seasomrmayresult in increased
concentrations during the irrigatieeasn as the deposited particles become re
suspended with increased discharge.

Median yelds oftotal suspended solidsom the four waterwaywere similar to other
watershed# the arid West Estimated annualiglds of nutrients tended twe high in
Granger Drain and SulphuCreek Wastewagndmoderateto-low in SpringCreek
Wastewayand Snipe€reek Wasteway less than undeveloped watersheds in some
years for total phosphoru&§tate water quality criteria were frequently exceeded by
varying degrees dl four waterways A 2002water quality cleawup goal for turbidity
was met in three of the fowaterways

Determining the influence of these waterways on the Yakima Rivenetan objective
of this monitoring program However, available data wereviewedto provideabroader
contextfor the waterway dataThe pattern of load reductions of total suspended solids
from these four waterways was similar to decreasaglodity and loads of total
suspended solida the lower river. Total phosphoraencentrationand loadsn the
lower river did noffollow the same pattern asductions in loads from the waterwdys
did generally decline The lower river consistently met water quality criteria for fecal
coliform from 2000to 2008at the only siteéoutinely monitored by the Department of
Ecology; however, because that site is located many miles downstream of the waterways,
its usefulness as an indicator of influence was limit&ter temperatures fBpring

Creek Wasteway and Snipes Creek Wastemerg cooler than the Yakima River during
the summer and warmer during the winter; the amount of influence on the river was
calculated to bslight.

To continue improvingvater qualityin these waterways, better understanding of
several influences may leneficial, includingfactors which result in generally better
water quality in Snipes, factors influencing spatial variability in nitrate+nitrite
concentrationgprocesses occurring theurban areg and the relationship between
irrigation and nofirrigation seasorconditions.



Introduction

Purpose of reportsetting

The RozaSunnyside Board of Joint Control (RSBOJC) was formed 861®address
overlapping responsibilities and concernsvad major irrigation watedistricts (the Roza
Irrigation District and Sunnyside Divisigmn the lower Yakima Valley Oneof the joint
conceris was responding to water quality issues in irrigaticaterways In 1997,
RSBOJCdeveloped a water quality improvement prograstablished min-housewater
guality labaatory, and began a lonrterm sampling prograrf irrigation waterways

This report summarizes the first 12 yearsvater qualitydata, from 1997 through 2008.
The purposes of the report are to assess changes overybariieriogdevaluatdactors
influencing water qualityand provide direction for futungater quality improvement
efforts.

Agricultural production onhite464,000acres ofrrigated acresvithin theYakimaBasin

in southcentral Washingtors annuallyworth $1.3 billion (Scottet al, 2004). Irrigation
water isprovidedby five majorreservoirs in the Cascade Mountaifie total capacity
of the reservoirs, 185,400 acrefeet(acft), provides40% of the 2,490,75%¢cft of the
April to October water usgneesny Servicgdnct | ement s (
2003) snowpackand precipitationn the Cascade Mountaissipply most ofthe
remairder. Themeanannual ruroff of the YakimaRiver varies greatly;for example

1.3 million acft in 1977, the lowest watgrear on recordand4.4 million acft in the
abundant wateyear of 1999 Diversions are equivalent ébout60% of themeanannual
flow (Fuhreret al, 2004. Themeanannual irrigation diversion from 1961 to 1990 was
2.2million acft (USBR, 2009. Mean annual streamflowdm 1961 to 1985 was 2.6
million ac-ft at Kiona (Rinellaet al, 1992). Irrigation waterwaysstrongly influence water
guality in the lower Yakima Rivdrecaus¢heycontribute as much as 80 to%®f the
flow in thelowerriver during thesummernMoraceetal, 199).

The lower Yakima Valleysouth of Union Gags semiarid with a mean annual
precipitation of 6.8 inches (Western Regional Climate Centeg)2dhe three largest
irrigation providers in the lower valley are the Sunnyside Division, Rozmtion
District, and Wapato Irrigation Project (for irrigators within the afak Indian
Reservation).The Roza Irrigation District (Rozapervesr2,500acresof junior water
right holdersat higherelevations orthe north slopes of thealley. The Sunnysle
Division (Sunnyside}erves9,244acresof primarily senior wateright holdersonthe
valley floorandlower slopegfigure1l). Diverse crops are grown in both districts ut
1995tree fruitsdominatel the Roza and forage crops domimttee Sunngide(CH2M
Hill, 1998). In 2002,Yakima Countyrankedfirst statewide foapple, milk, hop, and
grape productiomand first nationally foepple and hoproduction(National Agricultural
Statistical Service, 2@). Roza diverts water from the Yakima Rivugystream othe
City of Selahinto a 94.8mile canaj Sunnyside diverts ne&arkerinto a 60mile canal
Both canalendnear Benton City From the canals, ater is delivered througf09miles
of lateralsto over 5,300ndividual deliverie{CH2M Hill, 1998). Diversions usually
begin in March to prime the canal systanmdcease in midDctober. @-farm deliveries
typically begin in early April.



Rozalrrigation Dist.

SunnysideDivision

Figure 1. Sunnyside
Division and Roza
Irrigation District

juri sdictions.

Water delivered to individual users is applied to crops and pastures primarily through
sprinkler orfurrow (known locally as rilllsystems. Water is transported-tdfm

primarily throughevapotranspiratiorsurface ruroff, andleaching pasthe rooting zone.
An extensive network adrainsreturnsnonconsunedwater to the river.

Drainsvary substantially in sizeLargerdrainswere designed and constructed in the

early 190006s to intercept shaltviyduetpor oundwat e
wet or saline soilsRoe, 1961 and Rice, 2001Largerdrainshave discharges of roughly

10-50 cubic feet per second (cfsyater depths of-4 feet, and receive water from

thousands of acresSmallerdrainshave discharges of roughly5 cfs, water depths of

less tharone foot and receive water from hundeedfacres.

Water aailability

The amount of irrigation water available for useiogatorsvaries yearly deperdt on
the seniority of their water right and snowpack in the Casééalintains.In 2001 and
2005 low snowpack resutedin decreased diversiolifsigure 2): Roza receive@8and
41% of their water allotmerand Sunnyside receivé$% for both yeargpersonal
communication, Bn Schramm, Sunnyside Division, January 2008 Wayne
Sonnichsen, Roza Irrigation District, December 2008)

Instantaneous discharge, March-October, 1997, 2001, 2005, and 2008.
Sunnyside Canal at diversion

> Roza Canal at canal mile 11
& 1500
O . RS
Elzoo easan 1997
V. LT TN
& 900 i S —~7 = 2001
;_:5600 / — ol . -
5 300 |- : 2005
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Figure 2. Daily mean dschargeat canal diversions,USBR data,Mar ch to October 1997, 2001, 2005,
and 2008.



Precipitation and air temperature

Seasonal precipitatibandmean aitemperatures during the 12 yeaovered byhis
reportdid not vary widelybetween yearsTheseasonal measnd maximum daily air
temperaturesaried no more han 3.5degrees Fahrenhdietween yearsThe seasonal
meanprecipitationfrom 1997to 2008 was2.1 inches during the irrigation season and 5.1
inches during the nemrigation seasonPreciptation during the 1999 and 2002 irrigation
seasons wa®ughlyoneinch belowthe meanand during2004 wagsoughly onench
abovethemean(figure3). Of the nonirrigation seasons, 2000 and 20t&dthe least
precipitationat 3.4 and 2.4 inchesespectively

Air temperature and precipitation at Harrah, WA, USBR data.

Seasonal mean and maximum air Seasonal precipitation, irrigation and o
temperatures, irrigation seasons, non-irrigation seasons, Non-irrigation season years
1997-2008 1997-2008 are named for the year In
which the non-irrigation
M Mean O Maximum ‘ ‘l Irrigation season O Non-irrigation season season began. For example,
the non-irrigation season yeal
1 of 1997 refers to Oct. 19,

1997 to March 31, 1998.
Irrigation seasons (April 1 to
Oct. 18) occur entirely within

a calendar year.

Air temp (deg F)
QU1 ~I~0000
[olh)le]d) [e]éle]d)]

1997 |
1998

1999 |
2000 |
2001 ]
2002 |
2003
2004 E=L L
2005 |
2006 |
2007 |
2008
Precip. (inches)
ORNWAhUIO
2004

1997
1998
1999
2000
2001
2002
2003
2005
2006
2007
2008

Figure 3. Mean and maximum seasonahir temperatures, 1997to 2008 irrigation seasons and
seasonalprecipitation, 1997to 2008 irrigation and non-irrigation seasons.

Water quality studies usually focus on irrigation water transport and its role in surface
water quality rather than precipitatiainiven processes becausegcontrast to the

minimal precipitaion in the areaan averageof 36 inchesof irrigation water immeeded by
cropscommonly grown (alfalfa, pasture, apples, cherries, grapes, hops, mint, and field
corn)in the Sunnyside ardb)SDA, 197). Precipitation was evaluated in this repiort
thesake ofthorougmessand becausmfrequent extreme events have influetheeater
gualityin the past.

Granger, Sulphur, Spring, and Snipes

This report focuses on Granger Drain, Sulphur Creek Wasteway, Spring Creek

Wastewayand Snipes CreaNastewayi all of which were identified in 1995 as major

contributors of suspendedlglsi n t he Depart mempplaoaforthEc ol ogy o s
lower Yakima River (Joy and Patterson, 1997). @stimated and measured

contributiors of suspendedadids from smallerdrans managed by RSBOJCaresmall

in comparison to these four majwaterwaygJoy and Patterson, 1997, and Zuroske,

2006). For ease of reference, this report will refer to thesematgrwaysas Granger,

Sulphur, Spring, and Snipes T h e t e r iswusédwhaotighautvihee yegogikcept

in the literature reviewto refer to drains and wasteways.

Sulphur, Spring, and Snipes all function as wasteways in addition to collecting irrigation
return flows. Wasteways return canal water to the freen routine canal operations
(termed Ooperati onal s plavdlsindifferent poctiensafthe y t o ma



delivery system or during emergency situations such as breaks in the Saipas
receives spills from the Roza Canal, Spring from the $sida Canal, and Sulphur from
both canals.During the irrigation season, water in Sulphur, Spring and Snipes is a
mixture of return flows, operational spill, and groundwater, while in Granger itis a
mixture of return flows and groundwatdn July 2005 reregulation reservoir was
installed near Prosser whiclysificantly reduced spillsrom the Sunnyside Cangilto
Spring in subsequent yearBuring the nonArrigation seasothewaterwayscontain
mostlygroundwater.

Waterwayand drainage area claateristicavere similar between Granger and Sulphur
and between Spring and Snigeg not between Granger/Sulphur and Spring/Snipes
Romey and Cramer (2001) fourftetexcavated drain channels of the Granger and
Sulphur systems floadthrough silt and sahdeposits, with low gradies(0.3-0.4%)and
weredominated by glides (668%) and mud substrat&urther,Spring and Snipes,
located in natral gullies, had gradients @#6, flowedthrough basalt geology, andere
dominated by riffles (685%). Lastly,numerous beaver ponds were found in Snipes.

Spring and Snipes converge into a single channel roughly 500 feet before entering the

Yakima River.

Spring and Snipes drainage areas lbacr proportiors of rill (furrow) irrigation, higher
proportions of dp irrigation,and lowerproportionsof the entire drainage area under

irrigation. Crop types tended to be more similar than different, especially considering the

high uncertainty irsurveyresults three surveys of the Granger drainage area by
different organizationgound differences of up to %.in a given crop within a fouyear
period (Zuroske, 2004).

Table 1. Drainage basin characteristics.

[
g g g |~ S
= o c |6 ~ < IS
0 IS U o |a = o o
9_) (] B = > o) - =~
Qo S |g8 8| 2 @ =5
@ 3 a |2 oloa |T Q o —~
() o fut > c = |~ © o c o <
5 g |8 5 leC|25 |2 |8 2¢ e
3 S |3 T 58|85 |5 |8 E & 2
o) £ ~ e [£5|cas [6Z]= sl A
Granger | 26,100( 39,600| 62 | 66 |Silt, 0.3 |27% tree fruit, |54% sprinkler, [90% silt loam (irrigated
sand 25% corn, 41% rill, portion)
19% pasture, |5% drip
11% grapes
Sulphur | 49,810 102,730|161| 48 |Silt, 0.3 [25% pasture, |48% sprinkler, |57% silt loam, 20%
sand 23% grapes, |40% rill, fine sandy loam
17% tree fruit, |3% drip (irrigated portion)
11% corn
Spring 10,920 27,490( 43 | 40 |Gravel,|0.9 |33% grapes, |51% sprinkler, [87% high permeability
cobble 27% tree fruit, |29% rill, deposits, 13% basalt
Shipes 5,620 22,200] 35 [ 25 [Gravel,[1.0 |17% pasture, (21% drip 80% high permeability
cobble 14% hops deposits, 20% basalt

Sources: (1) Romey, 2001; (2) RSBOJC (unpublished data, 2000), (3) Smith, 2006; and (4) Zuroske, 2006.

The combined acres of these four drainage areas represent rb0ighdy the toal acres
and34% of the irrigated acres within the lower Yakima Basin.




Previousstudies

Past studies relating to water quality in irrigatiwaterwaysn the Yakima Basin have
assessd general conditiongexplored caug-andeffectrelationshipsidentifiedfate and
transport mechanisms, and evaaghthanges over time.

An early studyby Carlileet d (1974)foundthe elevated suspended solid concentrations
in surface waters weeresult of eroding fields, not-channel erosion They reported
canal wates  fo#en carry such a heavy sediment load that untreated water is unsuitable



