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INTRODUCTION

Malheur National Wildlife Refuge (NWR) is located Harney Basin in southeastern
Oregon (Figure 1). The refuge encompasses 187@8 af open water, wetlands, springs,
riparian areas, irrigated meadows and grain fieddd, uplands. The original executive order in
1908 protected Harney, Mud, and Malheur Lakes.réhgye was expanded to include the
Blitzen Valley in 1935 and the Double-O Unit in 194 he refuge serves as a major feeding,
resting, and nesting area for migratory waterf@librebirds, marsh birds, colonial nesting
waterbirds, raptors, and passerine bird specieseMdad marsh habitat management on the
refuge benefit large numbers of breeding and mingdiirds including ducks, geese, swans,
colonial nesting species, and other marsh and Biidse The refuge also supports large numbers
of greater sandhill cranes.

The value of the habitat on the refuge is largelgehdent on the availability and
management of water resources. Much of the wateagement on the refuge occurs in the
Blitzen Valley, where the infrastructure for wateanagement exists. The Donner and Blitzen
(Blitzen) River begins on Steens Mountain and flowsth through the Blitzen Valley unit of the
refuge and into Malheur Lake (Figure 2). A systdrdikes, canals, drains, and water control
structures was developed in the early 1900s tdititei grazing and farming. Twenty miles of
the river was channelized and straightened ataheedime. The water distribution system still
exists and is used by the refuge to manage wateeiBlitzen Valley. The area represents the
most intensively managed and most productive hiabitahe entire refuge, especially because
the habitat value of the lakes has declined salgredth the introduction and proliferation of
carp.

Practices to improve and manage habitat on thgeahclude vegetation manipulation,
through haying, burning, flooding, irrigation, famg and grazing, and water management,
through flooding and drainage. Much of the irrigation the refuge is accomplished by pooling
water behind a series of dams along the BlitzemRnithin the refuge. The water is then
diverted via canals into numerous meadows and matland can return to the Blitzen River by
surface sheet flow, return flow ditches or pipessubsurface seepage. Irrigation occurs from
March through mid to late July in most of the BtitzValley.



In addition to irrigation, the refuge manages me&atabitat through haying and grazing
to provide short-grass feeding habitat or densénwesover for greater sandhill cranes and other
migratory birds. In August, after the cessatiomriafjation, local ranchers (permittees) hay the
meadows. The premittees either remove the hayetblfeestock or stack it into small piles or
windrows in the hay meadows. Cattle are then grazbédyed meadows during the fall and
winter. Annually, there are up to 40,000 AUMs onliaur NWR. The method of providing
forage for cattle is referred to as rake-bunchiggaan spring, the young grass shoots and
invertebrates associated with the rakebunch graneadows are the preferred food for cranes,
geese, ducks, and shorebirds migrating throughetioge.

The Blitzen and its tributaries also support a tarfigal population of the Great Basin
redband trout, a native rainbow trout/steelheatlitifabits lakes and streams east of the
Cascade Mountains. The Great Basin redbands haveis@ated in closed basins for several
thousand years (USFWS 2000). The species wasqgmetitifor listing based on habitat
degradation that resulted from livestock grazinggation, stream channel manipulations, and
reduced riparian vegetation (all practices or cbows that occur on the refuge). The USFWS
determined that listing was not warranted at tmet{USFWS 2000). However, there is still
considerable interest in and concern for the stattisis species.

Refuge management practices designed to manageawaktenigratory bird habitat have
the potential to adversely impact redband troudulgh water quality degradation. Irrigation and
water management on the refuge may decrease fiowserbate high water temperatures,
reduce dissolved oxygen concentration, increasrdity, increase nutrient loading, and degrade
fish habitatNutrients, fecal coliforms and other pathogens @ased with cattle manure, hayed
meadows, and wetlands may enter the Blitzen Rilgeirrigation return flows. These pollutants
may decrease water quality (e.g., increased watepératures, reduced DO, increased algal
blooms) and impact native fish species.

The Blitzen River is a 303(d) listed stream for aemperature, dissolved oxygen, and
turbidity. Because water quality is impaired with respectatesstandards, the entire Blitzen
watershed must comply with Total Maximum Daily Losgl(TMDL) criteria as specified within
the Clean Water Act. The TMDL for the Blitzen Rivsrscheduled to be completed by 2010. A
TMDL study may be conducted by the U.S. EnvironrakRtotection Agency and Oregon State
Department of Environmental Quality (DEQ) in théuiwe. After TMDL criteria are established,
Malheur NWR must monitor and meet regulatory statsléor discharges and pollutant loading
into the Blitzen River. The refuge will improve watguality by employing best management
practices (BMPs), which will eventually be usedstablish TMDL water quality standards for
the Blitzen Valley watershed.



PREVIOUS STUDIES

There are several previous hydrology and waterntyustudies for the Malheur NWR
area that will be mentioned here briefly. Mostluége studies have focused on the area upstream
of the refuge or on Malheur Lake itself. RinellaleBchuler (1992) conducted a reconnaissance
investigation of water quality, sediment, and bimaetermine if irrigation drain water was
causing harmful effects of human health or fish aridlife resources. Although they found high
concentrations of As, Bo, and Hg in Malheur Lakengkes and in some biological samples, they
did not believe there were problems associated agticultural drainage from the Blitzen River
Basin. The authors did report that the concentmaticdissolved solids and inorganic
constituents, including N and P, increased dowastri the Blitzen River.

In the 1990s, concern became heightened for GrasihBedband trout. In response to a
petition for listing, the FWS prepared a statuseenof the fish (USFWS, 2000). Factors given
as contributing to the demise of the fish inclugedm temperatures, poor water quality, habitat
degradation, irrigation diversions, limited fishspage at dams, and the introduction of carp in
the Blitzen River and Malheur Lake. The increasaakcern for the fish and the river produced
several studies looking at water quality and wederperature in the Blitzen River and
tributaries.

Roy et al. (2001) measured water temperaturesdityrppH, and dissolved oxygen at
several sites along the Blitzen River and BridgeeRrthrough the refuge in the summer of 1999.
They reported a general increase in water tempesfnd conductivity downstream in the
refuge, with all Blitzen River sites and the twondhstream Bridge Creek sites exceeding the
state temperature standard (1T.@t the time). Turbidity was generally low, butsiacreased
during manipulation of water control structurestba refuge. pH appeared to decrease
downstream through the refuge and was always betW&eand 9.0. Dissolved oxygen
decreased downstream as well, and frequently édivib the state criteria of 6.5 mg/L.

Dissolved oxygen was consistently lowest at Sodbduase, the most downstream site on the
refuge.

Watershed Sciences (2002) conducted a Forward hgdhkirared (FLIR) survey of
water temperatures on Bridge Creek and the Litliezdh River on August 17, 1999. Although
Bridge Creek is a spring-fed stream, the chanoeldlthrough a very low-gradient, 2-mile
section known as the Bridge Creek Canal, betwesh &anal and the mouth of Bridge Creek.
Water is backed up in this section with a diversiam and water temperatures increased
considerably through this reach. Water temperatur&sidge Creek were about 12°C six miles
upstream of the confluence with the Blitzen Riv’C at the upstream end of Bridge Creek
Canal, and 22°C at the mouth of Bridge Creek.



One more study that we will discuss here is thdystf wetland water quality impacts at
Lower Klamath NWR (Mayer, 2005). This study exandiriee effect of wetland water
management on water quality at Lower Klamath NWRauath central Oregon. Based on
nutrient loads, the study reported that the refugdands increased nutrient concentrations
relative to inflows, but decreased nutrient massliéooverall. Nitrogen was removed more
effectively than phosphorus. Seasonally floodedamels retained less P than permanently
flooded wetlands, perhaps because of the annu@gdecycle and the decomposition of annual
vegetation. Dissolved inorganic nitrogen was rendavest effectively in refuge wetlands,
possibly through nitrification and denitrificationhe study is relevant because of the similarity
in habitats and water management between Lower &tamWR and Malheur NWR and the
possible parallels in water quality impacts.

STUDY GOALS

The goal of this study is to assess the water tyuafipacts associated with refuge water
and habitat management (irrigation of hay and talkech meadows, grazing, surface and
subsurface return flows from both wetlands andcadjural fields, dam operations) and to assess
BMPs that may be used to address water qualityazoscin addition, as a term and condition to
the refugés new water right permit (P 54164), the refuge maastin one year of permit
issuance, prepare and submit for approval a Watelit Monitoring Plan to OWRD and
ODEQ. This study quantifies the extent of waterrddgtion associated with current
management practices on the refuge. This informatidl allow the refuge to prepare a water
quality monitoring plan for future monitoring anal évaluate and implement BMPs that provide
habitat for wildlife (migratory birds and redbandut), improve water quality and aquatic
habitat on the refuge, and comply with Oregon law.

The refuge could use several BMPs to potentialliewquality concerns. For example,
water could be managed more efficiently to redetern flows from wetland units or surface
sheet flows. However, this may increase the propodf subsurface seepage return flow to the
river, which is typically lower in dissolved oxygamd may contain elevated concentrations of
nutrients (Mayer, 2005). The effects of return ffomay be ameliorated by keeping more flow in
the mainstem of the riveHead gates and water control structures could{emgeaeered to
more efficiently manage water for meadow and wektla@anagement. Water temperature
impacts from wetland return flows could be redubgdholding water longer and allowing more
water to evaporate rather than drain. Slower drawdan wetlands also may reduce turbidity of
return flows to the river. Increased efforts to ttohcarp may improve water quality because
their feeding and spawning habits increase waterdity.



River and riparian restoration represents a vepoitant BMP for improving water
quality. In 2002, the refuge restored 3.5 milegefream and riparian habitat, less than one tenth
of the entire reach of river on the refuge. Muclthef riparian habitat is extremely poor (shallow
& wide stream channel, limited willows, steep/bhamks, few deep holes, little habitat
complexity). The refuge could conduct much moreesive instream/riparian rehabilitation to
increase shading of the river to reduce directihgdtom the sun. Riparian rehabilitation could
potentially help keep river water cooler, reducekbsloughing/erosion and improve habitat.
Before any of these BMPs could be effectively empth the refuge requires knowledge of the
relative impacts of the various water and habitahagement practices used on the refuge.

The study proposes to focus on hydrology and wgiality measurements as well as
associated impacts to biota. Many of the waterityjuedbncerns associated with refuge
management practices are closely associated witfology. By focusing on both water quantity
and water quality, we can most effectively evalwadter quality impacts associated with refuge
management practices. Using flow measurements hasvehemical data, we can calculate
water budgets and estimate water use on the refatjlate mass balances and nutrient loading
from refuge habitats, employ simple mixing modalsg develop a more sophisticated
understanding of water quality on the refuge.

Given the size of the Blitzen Valley, monitoringeténtire refuge would be a formidable
challenge. The approach we use is to monitor als®eetion of the refuge and extrapolate the
results from this study area to the entire refdde area we focus on primarily is the Frenchglen
area of the Malheur NWR. It is possible to do a ptate water budget of all inflows and
outflows for this area. We collected flow measuratee@nd water quality samples from a
number of locations along the river, in canals etdrn flows, and in wetlands, to document
overall water quality changes occurring in the eystWe monitored temperature continuously
at several locations along the river and in thecsurding area as well. We began monitoring
with the irrigation season in the spring and cargihit until the fall, for two seasons in a row.



STUDY REPORTSAND ORGANIZATION

We present the results from this study in eighorep organized into four separate
sections, all written to be read independently. fifts¢ section consists of three reports that
examine historical flow information from the Blitz&iver, Bridge Creek, and springs on the
refuge. The mean and distribution of flow and rdifiof various periods are calculated and
summarized for both river systems. The accuradyRES runoff forecasts for the Blitzen is
evaluated. Long-term trends in flows over the 6@#arg of record are examined too. Estimates
are developed for inflow from various springs omear the refuge. This section addresses the
guestion “How much water has the refuge typicadigeived in the past?” The three reports
included in this first section are entitled:

Historical Flows, Summary Statistics, and Streamflow Forecasts for the Blitzen River
near Frenchglen, Oregon (USGS Site No. 10396000)

Historical Flows and Summary Statistics for Bridge Creek above East Canal, Oregon
Estimated Soring Inflow to the Frenchglen Area of Malheur National Wildlife Refuge

The second section consists of one report thatloleyevater budgets for several
different wetlands and areas on the refuge. Consuenpse is estimated and compared for
different habitats. The timing of water needs iaraimed for various areas and habitats. The
section addresses the question “How much water tth@aefuge typically need and when does it
need it?” The report included in this second secsoentitled:

Water Budgets, Net Inflow, and Consumptive Use Estimates for Malheur National
Wildlife Refuge

The third section examines the water quality impattwater management on the refuge
in three reports. Water temperature in the BlitRérer is identified as one of the major water
guality issues of concern on the refuge. The fepbrt in this section analyzes the causes of
elevated temperatures and discusses modelinggesultmanagement alternatives to improve
water temperatures. The second report examines quaddity conditions and nutrient budgets in
the Blitzen River and surrounding areas. The trembrt focuses water quality and nutrient
loading in a permanently-flooded wetland, West Kifmnd. The section addresses the primary
guestion of the study: “What are the water qualitpacts of refuge water management?” The
reports included in this section are entitled:

Blitzen River Water Temperature Monitoring
Water Quality in the Blitzen River Valley at Malheur National Wildlife Refuge

Water Quality in West Knox Pond at Malheur National Wildlife Refuge



The final section discusses the management imitaof the results from the study.
The general findings pertaining to water quality presented and management strategies
addressing these issues are discussed. The sadtlossses the question “What management
actions can be implemented to mitigate water qualibblems on the refuge?” The report in this
section is entitled:

Management Strategies for Addressing Water Quality Issues at Malheur National
Wildlife Refuge
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Historical Flows, Summary Statistics, and Streamflow Forecasts for the

Blitzen River near Frenchglen, Oregon (USGS Site No. 10396000)
Tim Mayer, Kenny Janssen, Rick Roy, Tyler Hallock
U.S. Fish & Wildlife Service

The Donner und Blitzen (Blitzen) River is the maource of water for the
Blitzen Valley unit of Malheur NWR (Figure 1). Ihters the refuge at the southern
boundary near Page Springs Campground, 3.5 milgkeast of Frenchglen, Oregon.
The USGS has monitored flows about one mile upstreaPage Springs Campground
continuously since 1938. The purpose of this rejgaxt provide information and analysis
on the historical flows in the Blitzen River atglsite. We will also review streamflow
forecasts for this site that are developed annumllihe National Resource Conservation
Service (NRCS) and examine the relationship betwieerfish Creek snotel
measurements and flows at this site. Finally, vok lat long-term trends in the flow
record and compare historical measurements upstaedm USGS gage and
downstream at Sodhouse Dam.

Historical Flows

The Blitzen River near Frenchglen, Oregon recedraghage from an area of
approximately 200 rialong the midwestern portion of Steens Mountaisantheastern
Oregon. The USGS records streamflow continuoustiiéiver at a site located one
mile south of the refuge boundary (USGS site n@96000, USFWS site no. 357010,
Figure 2). The USGS began measurements at thisdada the early 1900s and a
continuous record of mean daily streamflow existenf 1938 to present. For our
analyses, we consider mean daily streamflow fop#red from January 1, 1938 to
September 30, 2004.

The long period of record is very useful in chagaizing summary statistics and
variability in the Blitzen flows. There is additiahspring inflow to the river in the Page
Springs area, between the gage and the refuge aou(flgure 3). The FWS measures
flow downstream of Page Springs Dam at the refuysmdary but this does not capture
the water diverted from the Blitzen above Pagerf§grDam in the East and West canals.
To account for all refuge inflow from the Blitzegither the diversions must be measured
along with the flow below Page Springs Dam, ordfditional spring flow must be
estimated and added to the flow measured at theSUg@e above the refuge.

Figure 4 shows annual runoff in the Blitzen Riviemg with irrigation season
totals for water years 1939 to 2004. Annual rumothe Blitzen River over the 67-year
period of record has averaged 91,000 acre-ft.dtrnged from a minimum of 36,000
acre-ft in 1992 to a maximum of 198,000 acre-ft884. The hydrograph is dominated
by a snowmelt signal in the spring and early sumbout 76% of the total annual
runoff, or 69,000 acre-ft, occurs during the irtiga season, Mar-15 to Oct-1. 64,000
acre-ft, or 70% of the total annual runoff, occwithin a four and one half month period
from Mar-15 through July-31. A Mann-Kendall trer$t showed that there was no



significant increase or decrease in annual flones ¢tlve 67-year period of record
(p=0.44).
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Streamflow in the Blitzen River is driven by snowtrfeom Steens Mountain.
Figure 5 plots the average monthly flows for thequkof record and depicts the seasonal
distribution of runoff that typically occurs in thgditzen. Spring snowmelt at lower
elevations in the drainage basin contributes tceeed streamflows that usually begin in
March. Flows generally reach a maximum in May. Flowlay averages 369 cfs (732
acre-ft/day) or 22,700 acre-ft for the month. Timgnthly volume represents 25% of total
annual runoff, indicating that, on average, onetfoof the total runoff for the year is
received in this single month. The minimum montidyv in May was 105 cfs in 1992
and the maximum was 826 cfs in 1998. Streamflowd te decline in June and reach
baseflow conditions sometime in July.



Minimum flows for the year are usually reached ep@mber. Flows in
September average 42 cfs (83 acre-ft/day) or 2248€-ft for the month (2.7% of total
annual runoff). September flows represent only &a¢td" of the total runoff for the
year. The minimum monthly flow in September wasc2in 1992 and the maximum
was 87 cfs in 1984. There is a good relationshipvéen total flow for the water year and
Aug-Sept baseflow tr= 0.87, Figure 6), with higher water year flowsresponding to
higher baseflows in late summer. This implies thabff forecasts for the Apr to Jul or
Apr to Sept periods are useful both as an indipatictotal water available for irrigation
and for predicting baseflows later in summer. Asastsed with annual flow, a Mann-
Kendall trend test showed that there was no sicaniti increase or decrease in baseflows
over the 67-year period of record (p=0.35).
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Figure 6. Relationship between total volume fonilater year and the volume in Aug-
Sep for USGS site no. 10396000, Donner und Blier nr Frenchglen, OR, 1939 to
2004

While the greatest monthly runoff occurs in Maythe Blitzen, mean daily flows
for individual days during January and March haxeeeded 2,000 cfs several times.
These high flow events are attributed to rain-oovsevents. For example, an
abnormally high flow event on January 2, 1997 esbin a mean daily flow of 1,570 cfs
(3,114 acre-ft), over 25 times the average flovedalted during two weeks leading up to
the event. Snotel weather stations (Figure 1)<t Eireek (elev. 7900 ft) and Silvies
(elev. 6900 ft) recorded precipitation totals & @nd 1.2 inches prior to the event, as
well as significant increases in mean daily airpenatures. Streamflow in the Blitzen
responds quickly (days) to such events and subsidesar previous levels within days-
to-weeks, depending on the magnitude of precipmatthange in air temperature, and



volume of water contained in the snowpack. Of tiv@ev months, March has historically
had the highest variation in mean daily flows.

NRCS Streamflow Forecasts

Yearly forecasts of runoff in the Blitzen are aghike from the NRCS on their
website ahttp://www.wcc.nrcs.usda.gov/cgibin/bor.filhe NRCS forecasts runoff for
two periods of the upcoming year: through July timdugh September. The starting date
of the forecast period varies from March throughyMi#epending on the time of the
forecast. The flow forecasts through Septembeoakhgslightly greater than the
forecasts through July because so much of theifiae Blitzen occurs in the spring.

NRCS begins making forecasts in January every aeamupdates monthly
through June. The accuracy of the forecasts inesglaser in the season since there is less
uncertainty remaining in the snowpack informatistarch and April forecasts are more
accurate than January and February. March and fgpecasts will probably be most
useful for the refuge since they are fairly acceiatd still provide early, timely
information. Forecasts in May and June are mosirate but these may be too late for
the refuge’s planning. However, they could prowdeful information for adjusting
flows and management during the season. The y&& d®vides an example.
Forecasted flows in March (140% of normal), Apti21% of normal), and May (120%
of normal) of that year turned out to be much thss the actual flow. The June forecast
(207% of normal) — while still low — was much close the actual flow, which was
226% of normal. Such information could be usefuldmviding feedback and making
early-summer adjustments to management on theeefug

There is a fairly good relationship between thedasted flows and the actual
measured mean flow in September. Forecasts inrfadaths more accurately predict
September flows than earlier forecasts. The cdiosldetween the Juri'forecast for
May — Sept flows and the measured mean Septendverdr the last 15 years is very
good (f = 0.85, Figure 7). The regression equation camsee to predict September
baseflows with reasonable certainty using the Jlforecast. Note that because this is
the mean September flow as measured at the USGS giagfream of the refuge, it does
not include additional inflow from Page Springsisiimflow would have to be added to
the flow at the USGS gage to estimate the flowhaearthe refuge at Page Springs
during September (see the later report in this@edbr such estimates).
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Figure 7. Relationship between NRCS Jtliatecasted runoff for the May — September
period and measured mean flow in September for USt@$10. 10396000, Donner und
Blitzen River nr Frenchglen, OR, 1990 to 2004.

Figure 8 shows the April®1April — Sept forecasts and the actual measured Apr
— Sept flows for the most recent 15 years. Thelgmpsents the most probable runoff
(the median or 50% exceedance forecast, symbolzdopen circles). The other
exceedance forecasts (90%, 70%, 30% and 10%) seel lom the standard error of the
regression equations and describe the range oftaimig associated with the forecast.
The smaller the exceedance percentage associdted given forecast, the less chance
that it will be exceeded. So the 70% exceedanaeést is going to have a higher
probability of being exceeded, and will consequehd a lower predicted flow, than the
30% exceedance forecast. As discussed above ath@estl errors decrease in later
months as the forecasts improve in accuracy. Toex¢he range of uncertainty
described by the forecasts (and the range of tleedsted flows) decreases around the
most probable number in later months. For thismeathe April ' forecast will have a
smaller range of values than the earlier foredastisprecede it.

The NRCS forecast is based, in part on informaftiom the Fish Creek Snotel
site on Steens Mountain. There is a good relatipnsttween Apr-Sept flows and the
snow water equivalent on Aprif‘for the entire period of record at this snotes §it =
0.60, Figure 9). The linear regression equatiomshia the graph is a crude method of
estimating the volume of runoff for the Apr - Segripd.
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Figure 8. April ' exceedance forecasts and measured flows for gejptember, USGS
site no. 10396000, Donner und Blitzen River nr Ergghen, OR, 1990 to 2004.

160000 -~

140000 4
y =2009.6x + 6956
rsquared = 0.60

120000 A

100000 A

80000 -+

60000 -+

40000 -

20000 A+

20 30 40 50 60

Apr 1 SWE at Fish Creek snotel (in)

Figure 9. Relationship between Aprif §now water equivalent (SWE) at Fish Creek
snotel and measured flows for April -September, 83 no. 10396000, Donner und
Blitzen River nr Frenchglen, OR, 1939 to 2004.



Ranking of Streamflows

It is useful to have an idea of the relative amafnunoff that is forecast or
measured in a given year. We have ranked all yefakgril to September runoff and
classified them according to one of five hydrologgar types, based on the distribution.
Figure 10 shows the rank and distribution of AilSeptember runoff for the 67 years in
the in the 1938 to 2004 period of record for thiezBh. The median or 8percentile of
the April — September runoff is 60,650 acre-ft. ydllues of April — September runoff
within the interquartile (between the"2&nd 78 percentile of the data) are considered
average years (shown in gray). Values less tha@3heercentile (<45,860 acre-ft) are
considered dry years and values less than tieéftentile (<32,788 acre-ft) are
considered very dry years. Values greater thar?igercentile (>78, 860 acre-ft) are
considered wet years and values greater than fhe&@entile (>90, 580 acre-ft) are
considered very wet years. Using these categdahesamount of runoff forecasted or
measured for the April — September period can bessed relative to all years in the
period of record.
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Figure 10. Rank (lowest to highest) and distribuid April-September runoff in the
Blitzen River, USGS site no. 10396000, Donner uhtz& River nr Frenchglen, OR,
1938 to 2004.

Figure 11 is a histogram showing the distributiéipril — September runoff for
all years in the period of record. The data shgesitive skewness (several observations
much higher than the rest of the data) which isroom for streamflow data. There is
also a suggestion of a bi-modal distribution witie peak around 50,000 to 90,000 acre-
ft and a second peak around 110,000 to 130,0006ftadrkis is not unusual in that wet
and dry years are often clustered in cycles aref flews often respond to the
cumulative effects of several years of similar @tra conditions rather than individual
years.
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Figure 11. Frequency distribution of April - Septmmrunoff for all years in the Blitzen
River, USGS site no. 10396000, Donner und BlitzereRnr Frenchglen, OR, 1938 to
2004.

Comparison of Historical Blitzen Flows at Sodhouse Dam and the USGS Gage

There are historical flow measurements for sevgn@lps of years below
Sodhouse Dam, the outflow from the refuge. It teri@sting to compare these flows with
flows measured at the upstream end of the refugeedd SGS Blitzen gage. Not all years
at Sodhouse are complete, so we compared the Agrp8aod for both gages, when
available (Figure 12). There is a fairly consistestationship between inflow at the
USGS Blitzen gage and outflow at the Sodhouse glue Apr-Sept USGS Blitzen flows
explain about 89% and 98% of the variability in 8@dhouse gage flows for the earlier
and more recent periods, respectively. There has bléghtly more Apr-Sept flow at
Sodhouse for a given range of USGS Blitzen flowenent years. Based on the x-
intercept of the two regression lines, there wallMery little Apr-Sept outflow at
Sodhouse as the Apr-Sept USGS flows approach 35¢040,000 acre-ft (dry years and
very dry years). During the wettest years, the 8ppt flow at Sodhouse may equal or
even exceed the Apr-Sept flow at the USGS Blitzageg
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for the years 1939-1943, 1973-1977, and 1998-2005.

12



Historical Flowsand Summary Statistics for Bridge Creek above East

Canal, Oregon
Tim Mayer, Rick Roy, Tyler Hallock, and Kenny Janssen
U.S. Fish & Wildlife Service

Bridge Creek originates along the northwesternedagf Steens Mountain (Figure
1), draining an area only a fraction of the siz¢hefBlitzen River watershed
(approximately 30 n3). Flow in Bridge Creek moves westerly toward teiige, where
it enters along the eastern boundary roughly 3smtatheast of Page Springs Dam
(Figure 2). After entering the refuge, Bridge Cr¢aiks East Canal for a short distance
before separating again and flowing further west iato the Blitzen River. The purpose
of this report is to provide information and anaysn the historical flows in Bridge
Creek as it enters the refuge and compare thoas flath flows in the Blitzen River.

Historical Flows

The USGS recorded streamflow in Bridge Creek alttast Canal continuously
from 1938 to 1970 (USGS site no. 10397000). TheWSFnd the refuge resumed
streamflow monitoring and measurements in Jun®84 ;at the same site (USFWS site
no. 357004, Figure 2). Measurements were quitgutee during water years 1994 to
1999, but a continuous record extends from 20@Da8. We used the period of record
that incorporates measurements from both the US@ISFWS records, excluding the
years 1994 to 1999.

There is little fluctuation in mean annual streawfifor Bridge Creek over the
37-year period of record. Annual runoff has aveda@®®80 acre-ft/yr for the period of
record. It has ranged from a maximum of 13,900-&dre1942 to a minimum of 5,530
acre-ft in 1961. Maximum daily discharge occurredvarch 15, 1939 when mean daily
flow reached 120 cfs. On two other occasions medy tlows reached 118 cfs,
however, flows of this magnitude are relativelyr@gfuent. Historically, mean daily
discharge has been 25 cfs or less 95 percent dihtieeand 42 cfs or less 99 percent of
the time.

Like the Blitzen River, streamflow in Bridge Creskdriven by snowmelt in the
spring. However, peak flows are generally of shraiteation and relatively smaller
proportion than peak flows in the Blitzen RiveraRdlows usually don’t continue past
June. By July, flows in Bridge Creek are alreadgrrthe minimum for the year, much
earlier than Blitzen flows recede to baseflow ctiods. Minimum flow, or baseflow,
generally extends from July through February aretayes 11.8 cfs or 716 acre-ft/month
(Figure 3), with a minimum and maximum of 693 aftfeonth (November) and 740
acre-feet/month (July), respectively. Large disgkagvents have occasionally exceeded
100 cfs during this period. Streamflows during $peng months of April, May and June
average 19.1 cfs, 21.5 cfs and 14.6 cfs, respégtivieh monthly totals amounting to
1,140 acre-ft/month, 1,320 acre-ft/month and 8#e-fizZmonth (Figure 3). Average
seasonal flows and totals are summarized in Tabl®thl monthly runoff and mean
daily streamflow at Bridge Creek are shown in Feg8r
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Figure 3: Mean monthly runoff and streamflow atdge Creek above East Canal, USGS
site no 10397000 (1938 to 1970) and USFWS sit&@50004 (2000 to 2003).

Table 1: Seasonal streamflows and total runoff at Bridgee€m@hove East Canal

Fall Winter Spring Summer
(Oct — Dec) (Jan — Mar) (Apr — Jun) (Jul — Sep)
Mean daily streamflow
(cfs) 11.7 12.4 18.5 12.1
Total monthly runoff
(acre-ft) 2,128 2,233 3,368 2,200
Percent of annual
total (%) 21 22 34 22
Mean daily streamflow
during dry years 12.5 11.2 11.8 10.4
(cfs)




Bridge Creek Flows and Blitzen River Flows

Bridge Creek flows are considerably less than BihtRiver flows. Mean annual
flow in Bridge Creek is 13.7 cfs and in the BlitzZRiver is 126.6 cfs. The timing and
distribution of flows differ as well. Figure 4 illirates the monthly percentage of total
annual flow over the period of record for both BedCreek and the Blitzen River.
Generally, Bridge Creek has a higher proportiobasfeflow and a lower proportion of
peak flows when compared with the Blitzen. FlovBidge Creek during peak
conditions (Apr — Jun) is 34% of the annual tatalnpared to 60% in the Blitzen River
(Table 1). Approximately 60%, or 5,950 acre-ftitoé total annual flow at Bridge Creek
occurs during the irrigation season (Mar-15 to Octin comparison, irrigation season
flows in the Blitzen account for 76% of the totahaal flow. September monthly flows
account for 7.4% of the total annual flow on Bridgeeek but only 2.7% of the total
annual flow in the Blitzen.
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Figure 4: Percentage of total annual flow by maitBridge Creek above East Canal and
Blitzen River near Frenchglen, OR.

al
T

% of total annual flow

ay Ju

During drier than normal years, peak discharge &vigrat are typically observed
during spring months are greatly reduced and aeshightly above baseflows. For
example, in WY 2002, the maximum daily flow duritng runoff period was only 13.5
cfs. What is notable is that baseflows in Bridged&krduring dry years are near normal
despite the absence of peak flows in these yeats€TL). Apparently, the spring
discharge and subsurface seepage that suppotiagbefiow in Bridge Creek is not as
sensitive to climatic trends as the peak flows.

Discharge in Bridge Creek responds very similaslghanging streamflow
conditions measured in the Blitzen River near Hngien. Figure 5 is a correlogram
illustrating how mean daily streamflows at thesesscorrespond with one another. The
measure is given as a crosscorrelation coefficighich defines the magnitude of how
well the variables, in this case streamflows, atated. The strength of association is



described on a scale from -1 to 1, with zero intthigano relation at all, 1 indicating a
perfect correlation, and -1 indicating a perfesirse correlation. The correlogram also
provides information on the lag, or offset, of thw variables. The lag describes when or
where the two series are most related. FigureauStithites the strength and timing of
association between discharge at Bridge Creeklan8litzen River over a two month
span (30 days before and 30 days after). The gteadsociation is at time zero, where
the crosscorrelation coefficient is 0.70. This aades that in most cases, streamflows at
Bridge Creek are changing at the same time assti@as in the Blitzen River are
changing. Figure 5 also shows relatively high dogfihts for one day before (0.63) and
one day after (0.63) zero lag indicating that strié@aw response in Bridge Creek may
either discharge slightly before (negative lagglaghtly after (positive lag) Blitzen

River. The last noticeable pattern in Figure Sat the strength of association is greater
for negative lag times than for positive lag timekis suggests that peak flows in the
Blitzen River are most likely to occur later or oelonger period than peak flows in
Bridge Creek.

08 T T T T T T T T T T T T
0.7 \ .

0.6 N -

Crosscorrelation
o
(6]
T
|

0.3 —

0.2 T T T T T T T T T T T T T
-3 30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35

Lag (days)

Figure 5: Cross-correlogram of mean daily streawslat Bridge Creek above East canal
and Blitzen River near Frenchglen, OR.



Estimated Spring Inflow to the Frenchglen Area of

Malheur National Wildlife Refuge
Tim Mayer, Rick Roy, Tyler Hallock, and Kenny Janssen
U.S. Fish & Wildlife Service

There are four spring systems that contribute tiowhe Frenchglen Area of
Malheur NWR (Figure 1). One of these spring systéavgs into the Blitzen River and
the other three flow into East or West Canals. Fistimates are needed from each of
these spring systems to evaluate the total inftothits area of the refuge. The purpose of
this report is to discuss each spring system aodghe flow estimates for each.

Page Springs

The main source of water for Malheur NWR is theZ&n River. The Blitzen
River enters the refuge at the southern boundaay hage Springs. Page Springs is the
largest spring system in the Frenchglen Area ardodithe largest spring systems on the
refuge. The spring system contributes a signifitaritunmeasured volume of flow to the
Blitzen River just upstream of the refuge (FiguyeThe total inflow from the Blitzen
River to the refuge includes the contribution frBiage Springs. Because the spring flow
is diffuse and emanates from a number of sourteaninot be measured directly.
However, spring flow will be fairly constant ands$evariable than the flow in the river.
The purpose of the analysis is to estimate théhdigge from the springs for use in
evaluating the total inflow to the refuge from Bi&zen River.

The USGS operates a gaging station on the BlitzearRUSGS site no.
10396000, Donner und Blitzen River nr FrenchgleR) @bout one mile south and
upstream of the southern boundary of the refuge.pirtiod of record is from 1911 to
1921 and 1938 to the present. The discharge frage Bprings enters the river
downstream of the gage and is not included in thasured flows from this site.
Therefore, flow measurements at the gaging stakonot provide a measure of the total
inflow to the refuge since the station is upstredrRage Springs.

The FWS has a continuous gage below Page Springstibat has operated since
September 1993. This gage is downstream of PagegSpiut is also downstream of the
refuge diversions to West Canal and East Canah Biwersions are unmonitored. Flow
measurements at this station do not provide a meas$uhe total inflow to the refuge
unless the diversions to the canals are measuckdaounted for.

A number of times in the past few years, the FW&rhade instantaneous flow
measurements at the East and West Canal divetsi@stimate the spring discharge
from Page Springs and the total inflow to the reférgm the Blitzen. The sum of the
flows in the Blitzen River below Page Springs Ddne, diversion to East Canal, and the
diversion to West Canal, minus the Blitzen Riveiflupstream of Page Springs at the
USGS gage gives an estimate of spring flow at Fggangs. We contacted the Portland
Office of the USGS for the flow measurements atsjgetimes corresponding to the
time of the other measurements.
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One problem with this approach is that the flowshie Blitzen River vary
diurnally, especially during the runoff period jprg and early summer. It can require a
couple of hours to measure the diversions in tret &ad West Canals and the river flows
below Page Springs Dam and at the USGS gage cageltaring that time. The
estimates of Page Springs flows during the runeffqal may be problematic because of
the diurnal variability in flows at this time of e In addition, water is lost to flooding
and bank storage during these periods and ratingsuare typically less accurate at
higher flows, creating other problems with the sgrilow estimates during high water.

The resulting spring inflow estimates are showRigure 2 and Table 1. We have
made measurements in 1997, 1998, 2002, 2003, &% Ze measurements span wet
years (1997 and 1998) and dry years (2002 and 20@Bjhe spring discharge estimates
reflect this. 1997 and 1998 estimates are higlear #2002 and 2003. Although the winter
of 2005 was very dry, the spring was very wet dreddstimated spring flow was
relatively high as well. The flow from Page Spring®stimated to range from 6 cfs in
2002 and 2003 to 12 to 16 cfs in 1997, 1998, ardh2The average of all five years is 11
cfs. Adding 11 cfs to the USGS flows measured eBlitzen River will provide a
reasonable estimate of the total inflow from thez8h River to the refuge. Subtracting
the flow below Page Springs Dam (FWS 357003) froentotal refuge inflow as
estimated above will provide an estimate of the lsioed volume of water diverted to the
East Canal and West Canal.
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Figure 2. Estimated Spring Discharge at Page Spriegr Frenchglen, OR, for the years
1997, 1998, 2002, 2003, and 2005.



Warm Springs

Warm Springs is located just south of the refuge/ben Page Springs and the
town of Frenchglen (Figure 1). It is a smaller sgrsystem than Page Springs and
contributes flow into the West Canal. As with P&geings, the flow emanates from
several sources and can not be measured direstiyn&es of the contribution from
Warm Springs were made by measuring the West Gguséleam of the springs at the
Blitzen River and downstream of the springs atRhge Springs/Frenchglen Road. This
approach measures the net contribution of the gpsimce there is some loss from
evapotranspiration in the marshy areas along Wasaldn the vicinity of the springs.
Measurements were made when there were no diverBam West Canal along this
reach. Paired measurements were made on the foljdeur dates in 2003: Mar-12,
Aug-4, Aug-27, and Oct-1.

The net contribution of flow from Warm Springs wa$ cfs in March, 0.2 to 0.3
cfs in August, and 0.6 cfs in October (Table 2seasonal pattern is apparent with a
maximum contribution in the spring and a minimunsiummer. This variation may
reflect the greater evapotransipiration loss insinamer from the adjacent wetland and
meadow as well as variability in spring flow. Theesific conductance of the water in
West Canal increased 1.4 to 1.5 times betweentberteasurement sites. The increase
probably resulted from the evapotranpiration logsewell as the inflow of higher
conductivity water from the springs. These are waer springs and the water
temperature in West Canal increased between thewasurement sites significantly
(about 5°C based on two measurements in Augustpurposes of estimating total
inflow to the refuge, an average inflow of 2.5 cé8 be assumed in spring, 0.25 in
summer, and 0.5 cfs in fall.

Five Mile Springs

These springs are located along West Canal jush sfi-ive Mile Road (Figure
1). Estimates of the contribution of flow from tleesprings were very small (<0.5 cfs),
based on three sets of paired measurements onG&eat upstream and downstream of
the springs.

Knox Springs

These springs are located on East Canal just E&stox Swamp and Knox
Ponds (Figure 1). Flow from these springs is ctdlédn a channel and can be diverted
directly into East Canal or across East Canalkiitox Swamp. The channel is too small
for flow measurements with a current meter bubwwflvas estimated visibly at about 1
cfs. The spring flow appears fairly constant thifomgt the season. These are cold water
springs.



Table 1: Synoptic flow measurementsfor estimates of Page Springs inflow.

Water Year 1997 time | 6/17/97 | time 7/8/97 time | 8/20/97 | time | 9/18/97 Average
East Canal 1405 49.5 1520 38.4 1500 20.2 1140 33.1
West Canal 1300 45.0 1530 34.4 1700 214 1330 5.7
Blitzen River 1135 | 183.0 | 1550 54.5 1105 19.9 1230 20.5
Total Refuge Inflow at Page 277.5 127.3 61.5 59.3
Springs
USGS Blitzen abv Page 1300 | 280.0 | 1530 | 115.0 | 1300 49.0 1200 47.0
Sprs
Estimated Spring Inflow -2.5 12.3 125 12.3 12.1
Water Year 1998 time | 10/23/97 | time | 11/18/97 time | 8/10/98 | time | 10/29/98
East Canal 1417 3.3 1335 2.9 1435 12.3 5.0
West Canal 930 2.6 1515 7.5 1300 6.8 915 2.0
Blitzen River 1040 53.9 1420 45.5 ? 76.2 1015 65.2
Total Refuge Inflow at Page 59.8 55.9 95.3 72.1
Springs
USGS Blitzen abv Page 1200 48.0 1400 44.0 1400 76.0 1200 59.0
Sprs
Estimated Spring Inflow 11.8 11.9 19.3 13.1 16.2




Table 1: Synoptic flow measurementsfor estimates of Page Springsinflow (continued).

Water Year 2002 time 8/8/02 time 9/9/02 Average
East Canal 1325 9.9 1515 8.2
West Canal 1400 5.4 1640 3.9
Blitzen River 1315 27.6 1620 28.6
Total Refuge Inflow at Page 42.9 40.6
Springs
USGS Blitzen abv Page 1400 37.0 1530 35.0
Sprs
Estimated Spring Inflow 5.9 5.6 5.8
Water Year 2003 time | 4/3/03 time 5/1/03 time 8/3/03 time | 8/27/03 | time 10/1/03
East Canal 1040 20.8 1150 15.9 1020 4.6 840 8.2 1520 8.55
West Canal 900 37.2 1030 33.2 1100 6.4 930 4.7 1600 2.97
Blitzen River 1000 60.6 1100 65.3 1100 38.0 900 26.5 1545 26.5
Total Refuge Inflow at Page 118.6 114.4 49.0 39.3 38.0
Springs
USGS Blitzen abv Page 1000 | 106.0 | 1100 | 112.0 | 1300 44.0 1000 34.0 1600 32
Sprs
Estimated Spring Inflow 12.6 2.4 5.0 5.3 6.02 6.3
Average: 10.1

All USGS flows are instantaneous values at the time of the other flow measurements, obtained from the Portland office (Jo Miller, 503

251-3201)




Table 1: Synoptic flow measurementsfor estimates of Page Springsinflow (continued).

Water Year 2005 time 6/21/05 time 8/2/05 time 10/4/05 Average
East Canal 1725 45.7 2000 10.7 1500 9.7
West Canal 1830 25.1 1900 1.0 1500 1.0
Blitzen River 1630 137.9 1930 51.4 1400 41.8
Total Refuge Inflow at Page Springs 208.7 63.1 52.4
USGS Blitzen abv Page 1630-1830 192.0 1930-2030 48.0 1400-1500 42.7
Sprs
Estimated Spring Inflow 16.7 15.1 9.7 13.8
Table 2: Synoptic flow measurementsfor estimates of Warm Springs inflow.
Date West Canal | West Canal Flow at | Estimated | Temperature | Temperature (C) at | Conductivity Conductivity
Flow at Page Frenchglen/Page Net Spring | (C) at Page Frenchglen/Page (uS/cm) at (uS/cm) at
Springs Springs Rd Inflow Springs Springs Rd Page Springs Frenchglen/Page
Springs Rd
3/13/03 1.33 3.83 2.50
8/4/03 6.20 6.39 0.19 14.2 19.1 90 129
8/27/03 4.67 4.93 0.26 17.5 21.2 101 151
10/1/03 2.97 3.53 0.56




Water Budgets, Net Inflow, and Consumptive Use Estimates
for Malheur National Wildlife Refuge
Tim Mayer, Dar Crammond, Rick Roy, Kenny Janssen
U.S. Fish and Wildlife Service

The purpose of this report is to develop water letslfpr six areas of the refuge
with different scales and mixes of water use. T dor the water budgets comes from
several sources: flow and survey data collectethduhis study; flow data collected
routinely by the Water Resources Branch (WRB) lier thaintenance of water rights and
instream flows; and water rights information ongated acreage and areas of open water
ponds/wetlands. The development of water budgdtallw us to estimate consumptive
use and water requirements for different habitatsaduring different times of the year.

We can also use water budgets to calculate nufnads and evaluate downstream water
quality impacts. All of this information will be g useful in managing habitat and water
at Malheur NWR.

BLITZEN VALLEY

The first water budget we developed is for thererlitzen Valley area of the
refuge (Figure 1). This area includes all irrigataads south of Sodhouse Lane and north
of Page Springs, including the Krumbo Valley anel tbfuge lands in the Diamond
Valley.

Methods

Total inflow and outflow for the Blitzen Valley aes based on the information
submitted in the 2002 through 2005 annual OregoteYWase Reports for Malheur
NWR. We calculate total inflow to the Blitzen Vallas the sum of four gages: USGS
Blitzen gage plus estimated Page Springs inflovireps of Page Springs Dam; Bridge
Creek above East Canal, total outflow from Kruméservoir; and McCoy Creek above
Diamond Swamp. We estimate total outflow as the f the Blitzen below Sodhouse
Dam. We are not accounting for inflow to this aft@sn direct precipitation, other
streams and springs (ex. Mud Creek, Web Creek, Baka, Warm Springs, 5-Mile
Springs), and subsurface inflow. There is unacadinutflow to this area as well
(several outflow channels under Sodhouse Lane tbédalLake, subsurface outflow).

We define net inflow as the difference betweerowfand outflow for the two
periods considered: April-Sept and the Oct-Sepematar. Net inflow provides an
estimate of consumptive use, or water loss to dvapspiration (ET) and seepage, from
various habitats on the refuge. This assumes tfatges in storage over the period are
negligible. Net inflow and consumptive use do ropiate to the entire water need on the
refuge. There is water use on the refuge thatmsaomsumptive too, such as water that
flows through a wetland or field and then retuims$hie river or water that is held for a
time in a wetland or field and then released lateéhe season. Such non-consumptive
uses are not included in the calculation of ndowmf
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We express the net inflow for the Blitzen Valleyaasonsumptive use rate in the
tables. It is calculated here as the differenceéen inflow and outflow divided by the
total irrigated acreage for the area of considenatMinister and Glaser Surveying, acting
as Oregon Certified Water Rights Examiners (CWREs)pped irrigated areas and areas
of open water for the WRB in 1994. We checked thlindated acreage using 2005 aerial
photography. We also compiled surface area infaonain open water ponds/wetlands,
generated by our CWRE for the Ponds Bill watertrig#rtificates. The estimates of
irrigated areas are approximate and may slightgrestimate the amount of irrigated
land in any one year as not all lands are irrigated not all ponds are full every year.

We present the percentile rank of the runoff fa preriod (Apr-Sept or water
year) relative to all runoff totals for the sameipeé in the 68-year record at the USGS
Blitzen River gage. The percentile rank is a genadacation of how wet or dry the year
was, in terms of runoff. High percentile ranks meaat years and low percentile ranks
mean dry years. We also present Apr-Sept and Quiti8&l precipitation at Burns,
Oregon as a general indication of how wet or deyytbar was in terms of direct
precipitation input.

Results

The total irrigated area, including open water gyl the entire Blitzen Valley
section of the refuge is about 36,000 acres. A mari of 6,500 acres, or 18 % of this
irrigated area is open water ponds and wetlandaeder, most ponds are not filled to
the maximum level every year or even throughoust®son, and some may be dry all
year, so this acreage number is likely high. Tmeaiaing 29,500 acres of irrigated area
consist of wet meadows and fields. Some of thesasaare hayed or grow grain for
wildlife purposes.

The period from 2002 to 2005 includes one wettar,y2005, and three dry years,
2002, 2003, and 2004 (Table 1). The estimated cdtesnsumptive use range from 1.3
to 1.7 acre-ft/acre for the Apr-Sept season anddl139 acre-ft/acre for the water year.
These are gross consumptive use estimates fdredlahds in the Blitzen Valley.
Individual areas within the refuge will use mordess than this general rate. In
particular, individual open water or seasonal wettaappear to use two to three times
this average rate, as described further below. Mbtte habitat in the Blitzen Valley
consists of wet meadows and fields. Cuenca (19925grrigation requirements for
alfalfa, spring grains, and winter grains in HarMa}ley as about 1.6 to 1.7 acre-ft/acre.
Consumptive use estimates developed here aretdalsese numbers.

Most of the diversions in the Blitzen Valley ocearspring and summer, during
the irrigation season. The volume of water divedatside of the irrigation season is
small. Diversions are highest in May, followed bgriand June (Figure 2). The refuge
diverts water into flooded fields and wetlands dgrihe spring runoff period, when
water is available, and then uses it consumptivghically in place, throughout the
summer. The refuge stops diverting water for thetrpart by the "8 week of July and
only a small volume of water is diverted in Augastl September.



The volume and timing of water used consumptivelyhe refuge is a function of
water availability, water management, climate fesitand habitat management in a given
year. The different habitats on the refuge reqdifferent amounts of water, as described
further below. The average rates estimated herthéoentire Blitzen Valley are
collective averages of the individual rates forfehabitat type, weighted by the size of
that habitat throughout the area. Furthermore,atinfiactors such as precipitation,
temperature, and wind can affect ET rates for alflitats. A hot, dry summer may result
in more irrigation water being used consumptivelgll habitats because of higher ET
rates.

Habitat management also affects the consumptiveaiss on the refuge. For
example, in 2002, Boca Lake and Darnell Pond wedtadty for construction projects
and carp control. This resulted in about 1,000saofghe total maximum 6,500 acres of
open water ponds/wetlands being dry that year0082much of the area served by the
East Canal was fallowed. Several of the pondsahdhea were dry as well. These factors
could be partially responsible for the lower congtiue use rates in 2002 and 2003.

Water availability in dry years like 2002 and 2003y affect consumptive use on
the refuge too. The refuge may limit overall irtigh acreage overall in any year due to
reduced water availability and the need to mainBitzen River flows. Water
availability also affects the timing of diversiossasonally. Water is diverted most
heavily in the spring runoff period, because thigrhen it is available and efficiently
diverted. Finally, the refuge curtails irrigatioroand the % week of July to dry some
fields and meadows for haying, which reduces thewarnof consumptive use and ET
from much of the irrigated area on the refuge.
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Figure 2. Monthly net inflow for Blitzen Valley, 2@ to 2005.



Table 1. Runoff, precipitation, inflow, outflow amdnsumptive use rates for the entire
Blitzen Valley area of the refuge, 2002 to 2005
Units are acre-feet unless otherwise indicated.

Year 2002 2003 2004 2005
Apr-Sept runoff 30% 40% 29% 75%
percentile
Apr-Sept pcp (in) 2.1 4.2 3.6 6.5
Apr-Sept inflow 66754 84167 75196 117709
Apr-Sept outflow 19837 32999 16758 55082
Apr-Sept net 46917 51168 58437 62628
inflow
Apr-Sept CU rate 1.3 1.5 1.7 1.8
(ac-ft/ac)

Oct-Sept runoff 24% 30% 41% 58%
percentile

Oct-Sept pcp (in) 6.8 7.8 9.4 12.6
Oct-Sept inflow 96312 108921 113980 142994
Oct-Sept outflow 50499 55114 46412 78069
Oct-Sept net 45863 53807 67569 64926
inflow

Oct-Sept CU rate 1.3 1.5 19 1.9
(ac-ft/ac)

FRENCHGLEN AND BUENA VISTA AREA

The next water budget we developed is for the Frglen and Buena Vista area,
a smaller subset of the lands described above rig-iju It includes all irrigated lands
north of Page Springs and south of Stubblefieldaf;axcluding the Diamond Valley
refuge lands east of the Blitzen River.

Methods

Total inflow for this area is based on the inforroatsubmitted in the 2002
through 2005 annual Oregon Water Use Reports fohé&la NWR. We calculate the
total inflow to this area as the sum of three siteed above: USGS Blitzen gage plus
estimated Page Springs inflow upstream of Pagen§piDam; Bridge Creek above East
Canal; and the total outflow from Krumbo reservifRB measures the total outflow
from the area as Blitzen River flow below Grain GabBam. This site is not reported to
the state under the current Malheur measurement Pplee winter record is not complete
for this site, so only the Apr-Sept period is caesed here.



We present Apr-Sept percentile rank and Apr-Sept frecipitation at Burns,
Oregon, as a general indication of how wet or deyytear was. As above, the acreage
estimates are based on CWRE mapping of irrigatezhge and the Ponds Bill
certificates. The difference between total inflowdautflow is the estimated net inflow
for this area. Inflow and outflow for this area ait completely captured by these
measurements. Additional inflow to the area octlurgugh direct precipitation, through
the Stubblefield Canal, which irrigates a smalltjpor of the lands (500 to 1000 ac)
within the Buena Vista area, and through other wasueed sources. Additional outflow
occurs through a return flow pipe at the corneCehter Patrol Road and Buena Vista
Road downstream of the gage below Grain Camp Daroigh East Grain Camp Canal,
and other unmeasured losses. We express net ini@aconsumptive use rate, defined as
discussed above.

Results

The total irrigated area in the Frenchglen and Buéista Area is about 22,000
acres. This includes as much as 5,300 acres (2#16fem water ponds and wetlands.
The estimated open water pond/wetland area isylikigih for the same reasons as
discussed above. The estimated consumptive uskisosrea ranges from 0.9 to 1.4 acre-
ft/acre for the Apr-Sept period (Table 2). Consur®tise estimates for this area appear
to be fairly consistent and similar to those far éntire Blitzen Valley, with the
exception of 2005. The lower rate in 2005 may Hasen due to the cool, wet spring that
occurred that year. There was likely a considerpl#eipitation and runoff input to the
area during that year that was not accounted ftir thie inflow measurements. As with
the consumptive use estimates above for the dBliieen Valley, these are gross
estimates that may not apply to all individual ls@ehd habitats.

Table 2. Runoff, precipitation, inflow, outflow amdnsumptive use rates for the entire
Frenchglen and Buena Vista area of the refuge, 20@R05.
Units are acre-feet unless otherwise indicated.

Year 2002 2003 2004 2005
Apr-Sept runoff 30% 40% 29% 75%
percentile
Apr-Sept pcp (in) 2.1 4.2 3.6 6.5
Apr-Sept inflow 60334 70429 61816 85526
Apr-Sept outflow 32142 42846 33217 68154
Apr-Sept net 28192 27583 28599 17372
inflow
Apr-Sept CU rate 1.4 14 14 0.9
(ac-ft/ac)




WESTSIDE P RANCH AREA

This water budget is based on flow measurementsollected in 2002 as part of
this study. The area is defined as all irrigateditaon the refuge south of 5-Mile Road,
bounded to the south and west by West Canal atieetnorth and east by the Blitzen
River (Figure 3).

Methods

We calculate the total inflow into the area asghm of flows at West Canal at
Page Springs; Highline Flume where it crosses fitedd River; and diversions at New
Buckaroo and Old Buckaroo Dams. We calculateated butflow from this area as the
sum of flows at West Canal at 5-Mile Road; the i@ from Faye Pond into Jones
Field at 5-Mile Road; and the return flow channehi Faye Pond that empties into the
Blitzen River just upstream of 5-Mile Bridge. We nitored all of these sites from March
through August of 2002, either continuously witlyi&a flow meters or periodically with
current meters. Sites that were monitored contislyowere checked with independent
measurements. For periodic flow measurements, teepolated flows to get a daily
record. We summed all daily inflows and outflowsrbgnth and only the monthly flows
are presented here.

As above, the acreage estimates are based omitjfa¢ad acreage and Ponds Bill
certificates provided by our CWRESs. There are tlnen water ponds in this area,
Darnell Pond, Baker Pond, and Faye/5-Mile PondeFaivlile Pond is south of and
adjacent to 5-Mile Road. We monitored water levelthis pond by collecting readings
of the staff gage.

Results

The total irrigated acreage in this area, inclgdpen water ponds/wetlands, is
about 4,000 acres, based on the 1994 and 200% pleotagraphy. There is as much as
220 acres, or 5%, of the total area in open waiadp and wetlands. This is a smaller
proportion of open water area than for the entirz&n Valley. Moreover, the largest
pond, Darnell Pond (109 acres), was dry in 2002 ddnsumptive use rate for the area
was 1.5 acre-ft/acre, similar to the range forehtre Blitzen Valley. Most diversions
occurred in April through June, during the springaff when flows are high and water is
available to divert (Table 3 and Figure 4). Vettdiwater was diverted after July and
net inflow was actually slightly negative in Augu8tnegative net inflow means that
outflow was slightly greater than inflow for therjueal.
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Table 3. Inflows and outflows for Westside P RaAcka, 2002.

Units are acre-feet unless otherwise indicated.

Mar Apr May Jun Jul Aug Total

WCanalat o, 5178 1698 1614 872 323 7147
Page Sprs
Highline
Flume 0 536 592 439 0 0 1568
New 208 1605 2050 1612 748 110 6334
Buckaroo
Total Inflow 670 4320 4340 3666 1620 433 15049
fFlg\}’Ve Prewrn 71 682 351 135 135 1372
Jones Field
Siversion 33 842 1790 1494 802 19 4981
W Canalat5- g4 585 512 354 432 564 2733
Mile Rd
Total 319 1497 2084 2199 1369 718 9087
Outflow
Net Inflow 351 2822 1356 1466 251 285 5962
CU Rate 009 071 0.34 0.37 006  -0.07 15
(ac-ft/ac)
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KRUMBO VALLEY

This water budget is for the area that includegadjated lands within the
Krumbo Valley, downstream of the Krumbo reservoid ast of the Blitzen River
(Figure 3). The refuge stores water in the reseiad uses it as needed downstream to
irrigate lands in the Krumbo Valley.

Methods

Total inflow for this area is based on the inforrmatsubmitted in the 2002
through 2005 annual Oregon Water Use Reports fohéda NWR. WRB measures total
inflow to the area using the flow at the Krumbanie, located in the outlet channel
downstream of the Krumbo reservoir. Total outfloan the area is not measured but is
reasonably assumed to be zero. According to thyeestaff, flows are managed so that
in most years, there is little or no outflow frohetirrigated area. The exception is during
years of really high spring runoff. The consequerfogs underestimating outflow from
the area would be an overestimate of consumptigeWs consider two periods: Mar-
Sept and the Oct-Sept water year. We measuredlpweld in Crane Pond in 2003 as
part of this study, but they are not regularly niorad.

Results

The total irrigated area in Krumbo Valley is ab8a0 acres, based on the CWRE
mapping and the 2005 aerial photography. Theremssamum of 400 acres, or 43%,
open water ponds and wetlands (Crane Pond, at@8S5,as the main pond in the area).
This is a higher proportion of open water to irteghland than in other areas. The
consumptive use rate ranges from 1.3 to 1.7 ataeré for Mar-Sept and 1.6 to 2.8 acre-
ft/acre for the water year (Table 4). The Mar-Sepds are about equal to the average
rates estimated for the entire Blitzen Valley, tha rates during the water year are
higher. If outflow is underestimated, as discussgolve, the rates may be overestimated.

Considering the greater proportion of open wateefgient wetland areas in
Krumbo Valley, it is surprising that the Mar-Sepdter use is not higher than rates for
the entire Blitzen Valley. The reason for this niythat part of the water used to meet
ET during the Mar-Sept season probably comes fratemstored in the valley wetlands,
both during and outside of the irrigation seasarR003, pond levels in Crane Pond
decreased by more than 2.25 feet from mid-Aprdady July. A decrease of this
magnitude represents a considerable volume of wgiteen a surface area of 335 acres,
and means much of the summer ET demand at CrarceviPammet through water stored
in the pond. This suggests that the 1.6 acre-#/atnet inflow for the valley in 2003
was not adequate to sustain the pond levels anttheetotal ET demand of the area.

The greater extent of open water/emergent vegetatetlands in this area as
compared to the entire Blitzen Valley is a functadrthe storage capacity upstream in
Krumbo reservoir. Water is available longer in soenmer to maintain wetlands and
open water areas. Because of this ability to sk@ter, the timing of monthly flows is
later than in other areas (Figure 5). Peak monthatyinflow is in June and July, which
coincides more with actual ET demand.
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Monthly net inflow (ac-ft/ac)

Table 4. Inflow and consumptive use rates for Krorifalley, 2002 to 2005
Units in acre-feet unless otherwise indicated.

Year 2002 2003 2004 2005
Mar-Sept inflow 1567 1484 1165 1220
Mar-Sept CU rate 1.7 1.6 1.3 1.3
(ac-ft/ac)

2571 2030 1498 1535
Oct-Sept inflow
Oct-Sept CU rate 2.8 2.2 1.6 1.7
(ac-ft/ac)
1.0
0.8 1 B 2002
1 2003
0.6 4 i I 2004
' 12005
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Figure 5. Monthly net inflow for Krumbo Valley, 2800 2005.
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COTTONWOOD POND (SEASONAL WETLAND)

In contrast to the previous four water budgets water budget is for one
individual wetland rather than an area combiningamels, wet meadows and fields.
Cottonwood Pond is located on the east side ofthachglen area, adjacent to the
Blitzen River (Figure 3). It was managed as a gpsiasonal wetland in 2002 and 2003.
The refuge flooded the wetland in spring and alldweo drain or evaporate by summer.

Methods

We measured pond levels, inflow, and outflow as$ pfthis study in both 2002
and 2003. We measured inflow using a Marsh McBirRleyTote that recorded depth
and velocity continuously at 15-min intervals. Véearded pond levels periodically
using a staff gage in the pond. For this studyputditted the top board in the flash board
outflow structure with a thin metal plate to furctias a sharp-crested weir. We collected
measurements of head at the outlet structure wittater Stik and applied a weir
eguation to estimate surface outflows. In 2002eheas surface outflow over the flash
board structure from Apr 26 to May 20, 2002. Beedah® pond level was fairly constant
in that interval, there was little variation in @atv. We interpolated between periodic
measurements to estimate the total outflow. In 28@8pond level was lower than in
2002 and the water level never reached the topeofiash boards at the outflow. There
was zero surface outflow that year. We mapped ¢hnengter of the water surface
contour with a GPS on May 1, 2002 at a staff gagellof 1.94. The perimeters of two
small islands within the pond were also mapped.céleulated the surface area of the
wetland using this GPS information.

Results

We determined that about 100 acres of the 160+ autes inundated at flood-up.
This is equivalent to the estimated area of thedp&f2 acres, based on the Ponds Bill
certificate.

When a seasonal wetland is flooded, water is us@tlihdate the wetland,
saturate the underlying soil, and meet ET demaraly@y] 2004). We consider all of this
water in the consumptive use estimate here althdagictuality, not all of this water is
necessarily used “consumptively.” Additionally, gwe@portion of water used for these
different components varies with the time of ydwttthe wetland is filled. In this
wetland, ground water depths at the time of flopdmere about the same in both years
so it is likely that the volume of water neededaturate the underlying soils did not vary
between the two years. However, ET losses in thiglpvere likely much different
because the timing of flood-up varied in the twarge
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Figure 6 and Table 1 present the results of theitmramg. In 2002, the unit was
flooded from the middle of April to the beginningJuly. In 2003, the unit was flooded
from the end of May through the end of August. &kerage rate of inflow to the
wetland was 7.0 acre-ft/day in 2002 and 3.8 addaytin 2003. There was total net
inflow of 204 acre-ft in 2002 and 342 acre-ft il030 The consumptive use rate was 2.0
acre-ft/acre in 2002 and 3.4 acre-ft/acre in 2008re water was required to fill and
maintain the unit in 2003 and the pond levels vaeteally lower than in 2002. This is
probably because the unit was flooded later, dutiegsummer rather than in the spring,
and at a slower inflow rate than in 2002. The evajdee loss is much higher in summer
than in spring and it appears that the slower witate in 2003 could not keep up with
the greater ET demand in the summer. This candreisghe 2003 water levels, which
were dropping throughout the summer even whileetineas inflow. In 2002, by contrast,
the pond remained inundated for at least a monén efflow ceased in May.

The 2003 consumptive use rate for this pond is ngher than the average rates
described above for the entire Blitzen Valley a tther smaller areas examined. Those
average rates reflect the consumptive use requitenaoé all habitats on the refuge and,
in general, there are few seasonal wetlands tedat@rded in late spring and maintained
through the summer. Most of the habitat in thezBlit VValley is wet meadows and fields.
The 2003 rate for Cottonwood Pond is similar tortites reported for fall seasonal
wetlands at Lower Klamath NWR (Mayer, 2004). In gieh, flooding seasonal wetlands
in the late spring and summer will likely requirema water than other habitats. Levels in
seasonal or permanent wetlands in the summer egllechse rather quickly should the
inflow be reduced or stopped at any time.

Table 5. Water Budget for Cottonwood Pond for 2868 2003. Units are acre-feet unless otherwise

indicated
Water Budget Component 2002 2003
Dates of flooding 4/15to 7/1 5/27 to 8/25
Total inflow 225 342
Total outflow 31 0
Total net inflow 194 342
Estimated CU rate (ac-ft/ac) 1.9 34
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WEST KNOX POND (PERMANENT WETLAND)

This water budget is also for an individual wetlatest Knox Pond, located on
the east side of the Frenchglen area, adjacehetBlitzen River and north of
Cottonwood Pond (Figure 3). The refuge managedrtba as a permanently flooded
wetland in 2002 and 2003. The water budget fordhes is more detailed than in the
other areas because we tracked precipitation asuges in storage in the wetland in
addition to measuring surface inflows and outfloWw® used a water budget equation to
estimate ET at the wetland. The water budget eguoafibrmulated in simplified terms,
describes the change in water stored in a watey beer some period\V) as the total
inflow minus the total outflowAV = total inflow — total outflow). For West Knox Rd,
assuming no significant ground water inputs ordgsghe total inflow includes surface
water inflows and precipitation and the total catflincludes surface water outflows and
ET. The water level in West Knox Pond indicatesadhange in storage. By measuring
total inflows, total outflows, and changes in sggaone can solve the water balance to
estimate ET losses from the pond.

Methods

We measured pond levels, inflows, and outflowslierperiod May 1 to
September 30 in 2002 and 2003 as part of this sivymeasured pond levels with a
staff gage that was installed in the pond in Ma§20Ne recorded staff gage heights
approximately every week in 2002 and then estimdgay pond levels by interpolating
between observations. In 2003, we installed a GM&er pressure transducer and
datalogger to record pond levels hourly. We avatdgese hourly readings for daily
means.

We developed a capacity curve for the pond to deter changes in storage in
the pond. We mapped the perimeter of the pond’'s &dth a GPS at two water surface
elevations spanning the range of pond levels. Werchined the surface area of the pond
at each mapped water level and developed a stagerelationship, which allowed us to
determine the wetted area of the pond for any gwater level in the pond. We also
developed a stage-volume relationship as welintgrpolating the underlying slope
related to the area change (Mayer, 2004), whidwatl us to determine changes in
volume with elevation.

Total inflow to West Knox Pond includes diversiarsd precipitation; we
assumed both ground water flow and overland flowewrgligible. The source of
surface water for West Knox Pond, Bridge Creekijverted through the K-2 Canal. In
2002, we monitored depth and velocity continuoaslshe inflow at hourly intervals
from Jun-21 to Sept-6, using a Sigma flow meter.ddlected independent flow
measurements periodically as a check on the ausohesfuipment. We calculated
average daily inflow using the hourly data. Prmdtin-21, daily inflows were estimated
by interpolating between periodic flow measuremeint2003, we made independent
inflow measurements almost weekly from 21-Apr teS3ptember. We estimated total
surface inflow by interpolating between the tweiniyependent flow measurements.
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We determined the precipitation input to West Kikmnd by multiplying daily
precipitation totals recorded at P-Ranch (statl@nai853) by the area of the pond.
Missing days were estimated, based on observationsarby weather stations using the
normal-ratio method (Dingman, 2002). The nearbyi@hs included OO-Ranch (station
ID: 6302), Malheur refuge headquarters (stationdD62), Fields (station ID: 2876), and
Burns Municipal Airport (station ID: 1175).

The refuge regulates the pond level and surfaceneattflow by manipulating
boards in a flash board structure at the northadride pond. For this study, we outfitted
the top board in the structure with a thin metakglto function as a sharp-crested weir.
We applied a weir equation to estimate surfacdmu$f using the continuous record of
pond level that we developed. We collected periottasurements of head at the weir
with a Water Stik, as an independent check on @utéstimates.

The remaining terms not accounted for in the wiasdance equation are seepage
and ET losses. Groundwater seepage out of thewounlll be expected if the hydraulic
gradient between the pond and the groundwater wasward toward groundwater.
However, a standpipe piezometer installed in thet\wad of West Knox Pond, adjacent
to the river, indicated a small hydraulic gradieés@.07 ft/ft) into the pond. This was
unexpected since the water surface elevation gbdinel is higher than the water surface
elevation of the adjacent river. However, seveesiquic flow measurements we
collected concurrently in the river upstream andiastream of the pond (Station 13 and
Station 9) indicated little or no seepage gain ftompond as well. Therefore, seepage
loss from the pond was assumed to be negligiblealindsses were assumed to be from
ET. By designating total outflow as surface outflivam the pond plus ET, and
accounting for changes in storage, the water-balenoation can be rearranged to solve
for ET (ET = total inflow — surface water outflonAY). To the extent that there is
groundwater seepage into or out of the pond, wddvwaniderestimate or overestimate
ET.

ET estimates at West Knox Pond based on measurenverne compared with
theoretical calculations of potential ET rates. plepose was to identify a theoretical ET
method that could be used to examine the variglafiET over a longer period and to
compare the 2002 and 2003 estimates with the rahgstimates. A number of methods
are available for estimating ET (Rosenberry et24lQ4) differing in terms of their input
data requirements and time periods over which #reycalculated (e.g. daily, weekly,
monthly, etc.). Some methods require only air tenafpee, while others require
measurement of numerous hydrological and/or mel@gical conditions. The choice of
any particular method is often limited by the a&hility of input data at a specific site.
Rosenberry et al. (2004) reported that even sontigedess rigorous methods give
reasonable estimates of ET
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Of the thirteen techniques compared by Rosenbeiay €004), the only
methods applicable for estimates at West Knox Roadhose that use air temperature or
both air temperature and incoming solar radiat®maputs, because these are the only
data available West Knox Pond. A preliminary inigegion of those methods at West
Knox Pond revealed that the Jensen-Haise methoga@u best with the water-balance
ET estimates in 2002 and 2003. Rosenberry et @4Rreported that this method is
among the more favorable techniques when compareddrgy-budget measurements of
ET.

The Jensen-Haise method requires air temperatdrenaoming solar radiation as
input data. We used mean daily air temperaturezded at P-Ranch (station ID: 6853).
We found air temperatures at Burns Municipal Aitgstation ID: 1175) to be very
similar to those measured at P-Ranch between tmthsmof May and October and we
used these to replace missing values at P-Ranéh (7i8sing in 2002 and 20% in 2003).
Total daily incoming solar radiation is recordedha Eastern Oregon Agricultural
Research Center in Burns, Oregon. We computedyalarage by dividing the total
incoming solar radiation for the day by the numtsiesunlight hours. We calculated total
hours of sunlight for each day using methods oedim Dingman (2002) with
information specific to the latitude of West Knoarfel. We estimated the total May
through September ET at West Knox Pond for a 254yedod of record (1979 to 2003)
using the Jensen-Haise equation.

Results

Figure 7 is a map of the surface area of the potdawater levels: 1.84 ft and
2.41 ft on the staff gage. These two water levetghe range of normal operating water
levels at the pond. Surface areas are 207 acre2hdcres at the two water levels,
respectively. There is little increase in surfacEaaat the higher water level; relatively
steep levees on three sides retain water. Thedmalof the wetland unit is about 300
acres.

Figure 8 shows the pond levels and net inflow divee for both years. Pond
levels were highest in the spring and lower ingheamer and fall. The range of pond
levels was about 0.7 feet in both years. Pond $eweke about 0.2 feet lower in 2002
compared with 2003. The pond level is regulatedubh flash boards at the outlet and
the difference between years resulted from settiegrest of the boards at a lower
elevation in 2002. The lower board height in 20[3® aesulted in continuous surface
outflow for the entire period. In contrast, theras only a limited period with surface
outflow over the flash boards in 2003.

We estimated the decrease in storage over thersaadd9 acre-ft in 2002 and
123 acre-ft in 2003 (Table 6). Pond surface aremaskightly smaller in 2002 as well, due
to the lower levels. The range of surface area2@&sto 230 acres in 2002 and 212 to
235 acres in 2003. The surface area is not versitsento changes in water level at the
range of pond levels observed during these twosyear
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Daily surface inflows averaged 9.9 acre-ft/day®2 and 5.4 acre-ft/day in
2003. The volume of total inflow (surface inflowdaprecipitation) for the May through
September period was 1556 acre-ft in 2002 and &3@-ft in 2003 (Table 6). The
smaller rate and volume of inflow in 2003 probatdgulted from adjustments in the
diversion structure at Bridge Creek. Total preeifiitn in 2002 was 43 acre-ft (Table 1)
or < 3% of the total inflow for the period. In 2ZB(recipitation totaled 62 acre-ft, or 7%
of the total inflow for the period.

As discussed above, we assume that outflow fronpdinel is primarily through
surface water flows and ET. Water levels remairtsava the height of the weir crest at
the outflow structure for the entire period in 2pBPpart because the flash boards were
set at a lower elevation in 2002. In 2003, the wigeel of the pond receded below the
height of the weir crest for several months, r@sglin zero outflow from July through
the September, primarily because the flash boasgie set higher. Total volume of
surface outflow was 614 acre-ft in 2002 and 12@-icin 2003 (Table 6). Net inflow
(total inflow minus outflow) was 942 acre-ft in ZD@nd 760 acre-ft in 2003. We
summed net inflow plus changes in storage to pee&timated consumptive use or ET
in West Knox Pond for both years.

Figure 9 presents monthly ET at West Knox Pdgl,{) for the May through
September period in 2002 and 2003. For both perie@shows the expected seasonal
trend; lower in the spring and fall with a maximiumJuly. The estimated total ET
requirement for the season was 1061 acre-ft, oa&@-ft/acre, in 2002 and 883 acre-ft,
or 4.0 acre-ft/acre, in 2003 (Table 6). However,bgkeve that improved information on
pond levels, pond volume, and surface outflowsO83allowed for a more accurate
estimate of ET in our results and we have moreidente in the 2003 ET value of 4.0
acre-ft/acre. The estimated ET losses are consilyegeeater than surface outflows,
especially in 2003. This implies that most of thegev requirement for the pond is used to
meet ET demand.

Table 6: Water Budget for West Knox Pond for 2@@2 2003. Units are acre-feet unless otherwise
indicated.

Water Budget Component M ay-Sept 2002 M ay-Sept 2003
Total surface inflow 1513 826
Precipitation input 43 62
Total Inflow 1556 888
Total Surface Outflow 614 128
Changein Storage 119 123
Residual 1061 883
Estimated ET Rate (ac-ft/ac) 5.0 4.0
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Figure 9: West Knox Pond monthly ET requiremer2@0@2 and 2003.

Measurements of ET from open water and bulrushmar&uby Lake NWR in
northeastern Nevada totaled 3.4 acre-ft/acre ahd@e-ft/acre, respectively, for the
May through September period in 2000 (Berger ef801). The elevation of the valley
floor at Ruby Lake NWR is about 6,000 ft, two thand feet higher than Malheur NWR
and this may be one reason for the higher ET att®dfalheur NWR. Dunne and Leopold
(1996) report annual Class A pan evaporation raftds5 to 5 feet in the area of Malheur
NWR. Evaporation in natural water bodies is usualtly 70 to 75% of Class A pan
evaporation but the authors state that it can eghsas 90% or more in a shallow water
body. The estimated evaporation rate derived ysamgevaporation and pan coefficients
in the 80-90% range is comparable to the 2003 ETastimated in the water budget.
Higher pan coefficients may apply at West Knox Pand other shallow, open water
bodies at Malheur NWR.
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Using the Jensen-Haise method, we estimated aatéTar the May through
September period of 4.1 acre-ft/acre in 2002 aBdadre-ft/acre in 2003. The theoretical
potential ET is less than our 2002 estimate andtgreéhan our 2003 estimate. Over the
25-year period, the total May — Sept Jensen-Haiseeguirement ranged from a
minimum of 3.3 ft in 1979 to a maximum of 4.5 ft2003 with a mean and median value
of 3.8 ft. The interquartile range (2%o 75" percentile) for the 25-year record of Jensen-
Haise ET is 3.6 to 3.9 ft.

For the 25-year period, the May-Sept Jensen-Haesdigied ET loss was the
fourth highest in 2002 and the maximum in 2003 sTisibecause of the high air
temperature and solar radiation during those tvaysyel'he average July air temperature
for 2002 and 2003 were warmer than 25-year avelalyeair temperatures. Average
May-Sept air temperatures were normal in 2002 agckthe highest on record in 2003.
A similar pattern exists for average monthly incogsolar radiation, which is expected
because air temperatures are a thermal resposséatcheating. Average May—Sept
incoming solar radiation in 2003 and 2002 weresiaeond and third highest on record.

SUMMARY

The Blitzen Valley has about 36,000 acres of atégl area, including as much as
6,500 acres of open water ponds and wetlands. Agtggreonsumptive use rates for the
entire Blitzen Valley are between 1.3 and 1.7 dtzeere for the irrigation season.
Smaller areas within the Blitzen Valley generalyvl similar consumptive use rates.
Actual irrigation diversion requirements might lmereewhat higher than this because not
all of the water diverted is used consumptivelye Tonsumptive use rates are based on
historical diversion, which are limited by water#ability, refuge management,
infrastructure constraints, and instream flow regients. Diversions are greatest during
the spring runoff period and are much reduced dfigr, when some fields are dried for
haying and grazing. Seasonal and permanent wetthatlare maintained throughout the
summer can have much higher consumptive use ratdsdgh as 4.0 acre-ft/acre or more)
but the proportion of land in this kind of habitathe Blitzen Valley is fairly small — less
than 20%. One exception is in Krumbo Valley, whitve ability to store and later divert
water allows for a higher proportion of summer waetls and ponds.
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Blitzen River Water Temperature Monitoring
Tim Mayer, Kenny Janssen, Tyler Hallock and Richard Roy
U.S. Fish & Wildlife Service

INTRODUCTION

Water temperature is one of the most importanbfaanfluencing the health of
fish and other aquatic organisms (Coutant, 1976¢. Gody temperature of fish fluctuates
in response to the temperature of the aquatic mediuwhich they live. As a result,
almost every response of fish, from spawning, fegdictivity, and digestive and
metabolic processes to distribution and survivalicsated by the thermal range of their
immediate environment. Temperature can act asallet stressing factor that ultimately
kills fish; as a controlling factor that regulaggewth and metabolism of fish; or as a
limiting factor restricting activity and distribain of fish.

Great Basin redband trout appear to have adaptes¢tion at warmer water
temperatures than other trout (USFWS, 2000). Sustitiemperatures greater than 21°C
are thought to be harmful, although redband troaitahle to survive temperatures as high
as 28°C and fluctuations of as much as 20°C o&-hour period (USFWS, 2000). The
State of Oregon water quality standards stateshlediseven-day-average maximum
water temperature for streams identified as hakeadpand trout use must not exceed
20.0° C " (ODEQ, 2007).

Water temperature in a given river reach is a fonadf the interaction of river
conditions (channel width and degree of incisigmanian shading), hydrologic factors
(stream discharge, tributary inflow, subsurfacéom), and meteorological variables (air
temperature, relative humidity, solar radiationaolow, 1989). Refuge management
practices can potentially affect many of thesediectGrazing practices, chemical
treatment of invasive/noxious weeds, dredging,ndjkchannel straightening and other
management actions can reduce riparian vegetatidstzading. These actions may also
affect the physical conditions of the stream chabgencreasing width-to-depth ratios
and channel incision. An incised stream channel iImagr the groundwater table,
reducing available water for riparian vegetatiod ahanging subsurface hydrology.
Irrigation diversions can reduce stream dischdrggation and wetland return flows
may be warmer than ambient river temperatures ancause warming.

One purpose of this monitoring was to better urtdadsthe relationship between
stream temperatures and water management on tigereX second purpose was to
monitor compliance with state temperature standestiblished for waters in the
Malheur Lake Basin. A third purpose of this worksaa develop a temperature model of
the system that could be used to examine the ingfaearious refuge management
practices on river temperatures, including reduoest flows due to irrigation diversions;
impounded river waters from diversion dams; irrigatreturn flows from wetlands and
hayfields; and changes in riparian vegetation. dlhjective was to investigate the
effectiveness of different management alternatisemprove river temperatures.



Stream Mor phology and Restoration

The Blitzen River crosses the southern boundatiiefefuge near Frenchglen,
Oregon, where it exits from a narrow, confiningyamto a wide, flat valley (Figure 1).
The river elevation gradient decreases from ab@ut/Bile in the canyon to about 12
ft/mile in the valley. Several decades of cattlazgmng, removal of willows and other
riparian vegetation, irrigation diversions, andmhalization, have resulted in a severely
degraded river and riparian system within the ref(lgandston, 2003). For the first five
miles on the refuge, until the confluence with BedCreek, the river maintains a pool
and riffle system with natural sinuosity. The riviaws in what is probably a historic
channel. According to an analysis by Sampson (2G9®)r to 2002, this river reach was
limited by a lack of bed formations, diverse deposal environments, cross-section
variability, and woody vegetation abundance. Therrivas severely entrenched through
this section and did not spill onto the floodplargen at the flow of record (Sampson,
2002). Several irrigation diversion dams back wgritier to supply water for adjacent
meadows and wetlands: Page Springs Dam at theeréfmgndary, New Buckaroo dam
2.5 mi downstream and Old Buckaroo Dam 2.9 mi doreasn.

In the fall of 2002, restoration work was completethe reach between Page
Springs Dam and Bridge Creek (Sampson, 2002). Wbik included riparian vegetation
planting, establishment of root wad revetments, @nrtstruction of rock weirs across the
river. The FWS constructed seventeen rock weirs mugghly 3 miles between New
Buckaroo Dam and the mouth of Bridge Creek. Conttyn of the weirs began in the
fall of 2002 and was completed by March of 2003e gbal of this work was to increase
in-stream habitat complexity, diversify hydraulasd sediment transport processes,
increase friction to allow more sediment depositi@activate a portion of the floodplain
and raise the water table below the surroundingdaowa by aggrading the stream
channel with the use of rock weirs. This water quatudy attempted to monitor water
temperature before and after this work, but unfoataly, the temperature recorder
upstream of this restoration project malfunctiome@002 and the data could not be used.

Downstream of Bridge Creek, the Blitzen is straigidl channelized for about 18
miles until Stubblefield Canal above Busse DamFadl). The river is entrenched along
this reach and disconnected from its floodplaisuléng in a degraded riparian zone.
There are two major diversion dams within this reaGrain Camp Dam, 17.4 mi
downstream of the boundary, and Busse Dam, 25dominstream of the boundary.
Downstream of Busse Dam and Rocky Ford, the rieirns to a slightly more
meandering channel, although it remains deeplyeanlred and lacks adequate riparian
vegetation in this reach. Sodhouse Dam, at theoéttds reach, is 44 mi from Page
Springs and the southern boundary of the refuge.riMer enters Malheur Lake, four
miles downstream of Sodhouse Dam.

Water is diverted from the river mainly March thgbuJuly at each of the
diversion dams along the river, for irrigation oéadows and wetlands adjacent to the
river. Some of this irrigation water makes its wmack to the river as return flow, either
in surface channels or as subsurface seepage.
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METHODS

We monitored water temperature at a number ofustatalong the Blitzen River
in 2002, 2003, and 2005 and one site on Bridgekdre2003 (Figures 1 and 2). Table 1
lists the name, station number, and location ofitber monitoring sites. Station 3 (Old
Buckaroo, USFWS site no. 357034) was discontindied 2002. Station 10, located just
downstream of Grain Camp Dam and monitored in 2@@3, moved 3 miles upstream of
the dam to Station 26 in 2003 and 2005. In 200228048, we monitored temperature in
the spring and summer periods. In 2005, we didoegin monitoring until late June.

Table 1. River Temperature Monitoring Sites

Distance downstream of

Station Number Station Name Station 1 (mi)
1 Blitzen River blw Page Springs 0
3 Blitzen River at Old Buckaroo 2.9
13 Blitzen River at Bridge Creek 5.2
5 Bridge Creek at Blitzen 5.2
9 Blitzen River at 5-Mile Bridge 7.2
10/26 Blitzen River at Grain Camp 17.4 (Sta 103.51(Sta 26)
12 Blitzen River blw Sodlhouse 44.0

Table 2. Irrigation Return Flow and Wetland Tempeana Monitoring Sites

Station Station Name General location of Station
Number
7 Faye Pond return flow channel West side of BiitRiver just
upstream of 5-Mi Bridge
17 West Knox Pond East side of Blitzen River, south of
(permanent wetland) Knox Drain Rd
28 Crane Pond Adjacent to Blitzen River at
(permanent wetland) downstream end of Krumbo Valley

We recorded water temperatures hourly using OpgbwASway temperature
loggers, Optic Tidbits, and/or Hydrolab multi-prgbén addition, we made independent
temperature measurements with a traceable therreoiatedne or two week intervals
during the monitoring period. If there were dis@eges between the independent and
continuously recorded temperatures, we considér@ddntinuous temperature data
suspect and we removed them from the record fampi@od. We calculated daily
averages, maximums and minimums from the hourls.d&fe also used air temperatures



and flow records in the analyses. We examineceaiperatures from weather stations at
P-Ranch (station ID: 726853) and Burns MunicipabpaArt (station ID: 726830) but
ultimately, only air temperature data from Burnsrivtipal Airport were used because of
significant gaps in the temperature record for RdRaDaily air temperatures at Burns
are highly correlated with air temperatures at RdRaWe used flow records from the
following sites: the USGS Blitzen River at Frenlgg OR; the FWS Blitzen River
below Page Springs; the FWS Blitzen River belowi@amp; and the FWS Blitzen
River below Sodhouse.

Figure 3 shows the edited period of record by yeaeach temperature
monitoring station on the Blitzen River. Gaps ie tiecords represent loggers that
malfunctioned or were lost, or poor quality datattwwere removed from the record. The
first year of temperature monitoring, 2002, waseesgdly problematic. This is part of the
reason that we collected another season of d&@ds. Most of the 2002 summer period
is missing for Station 1 (Blitzen River blw PageriBgs) and Station 12 (Blitzen River
blw Sodhouse). The temperature logger at Statiappkared to read too high for much
of the summer of 2002, based on independent measute, and the data were removed
for the period. The logger at Station 12 was Inf2002. Unfortunately, these two sites
represent the entry and exit points of the rivethenrefuge, which are critical to the
analysis of temperature impacts. Another major dafain the temperature record occurs
in the first half of the 2005 summer for Station E8r reasons unknown, the temperature
logger did not record any data for this period.

In addition to the river monitoring sites, we mamnéd water temperatures from
several wetlands in the Frenchglen area in 20022808 (Table 2). These included Faye
Pond and West Knox Pond in 2002 and 2003 and G?and in 2003. Temperatures
were collected near the wetland outlets from Afarithe end of summer, or until the
return flow from the wetlands ceased or the wetlaechme too shallow. Water
temperatures at the outlets were assumed to reprieseperatures of return flows
reaching the river, although at some sites, reftom channels between the outlets and
the river are several hundred yards in length, wihnay allow some additional heating.

We calculated seven-day average maximum tempesafun® the daily
maximums for all sites and periods with continubasrly data between June 1 and Sept
30. We determined the number and percentage ofadageding the state standard
within this period. We assessed the magnitude oéeaences by calculating cooling
degree days, using 20°C as a base, at all sitbsavdbmplete record for the June to Sept
period. Cooling degree days are defined as the laiivel sum of the difference between
the 7-day average maximum temperature and the(Ba3g) for all days exceeding
20°C.

Water temperatures in rivers vary diurnally, seafignand annually in response
to stream channel conditions, hydrology, and melegy. Channel conditions on the
refuge are progressively impacted downstream bygadnebined effects of diversions
dams, irrigation return flows, channel incisiondamannelization. Hydrology and
meteorology were significantly different during tteee years of monitoring. Therefore,



we were able to examine the effect of each of tifesers looking at variations in
temperatures among years and longitudinally albegiter.

We used several statistical methods to analyzddtee Linear regression was
used to relate water temperatures to air tempatér 3-day running mean air
temperature was used in the correlations to smsmtie of the daily fluctuations from
the air temperature record. Analysis of covarig@ddCOVA) was used to analyze for
differences in slopes and/or intercepts of regoessbetween seasons (spring
runoff/summer baseflow) and between years (20023 22005). In ANCOVA, the data
are assigned to groups and multiple regressions penformed with all the data using a
binary variable to represent the groups. In theec#he groups represent either seasons or
years. For seasonal comparisons, data from Maylirte 15 were used for the spring
season and July 15 to Sept 30 for the summer sgt@sawoid the transition period from
runoff to baseflow. Two multiple regression modmie used in ANCOVA, one to test for
a difference in intercepts between the groups Badgécond to test for a difference in
slopes and intercepts between groups.

We used a t-test (or a Mann-Whitney test) to teissignificant differences in
means (or medians) between groups. We used a paigstd(or Wilcoxon signed rank
test) to test for significant differences in meémsmedians) between paired groups of
data. Where two sources of water were mixed, wd tilsemixing equation to estimate
the combined temperature:

T = QT +Q,*T,
' Q+Q

where
T; = temperature at junction
Qn = discharge at source n
T, = temperature at source n

Finally, we used SSTEMP Version 2.0 (Bartholow, 20@ simple one-
dimensional, steady-state, stream segment modtirtter investigate temperature
relationships along this reach and examine refugeagement alternatives to improve
water temperatures. SSTEMP handles only singlarstiseegments for a single time step
(day, month, etc.) for a given run. Batch modekraan be executed through a comma-
delimited input file. Based on input describingesim geometry, location, elevation,
shading and steady-state hydrology and meteorotbgynodel predicts the daily mean
and maximum stream temperatures at specified dissatiownstream. In general terms,
it calculates the heat gained or lost from a pastelater as it passes through a stream
segment. The theoretical basis for the model angist for mean daily stream
temperature, as opposed to daily maximum or minirdaity stream temperatures.
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We modeled river temperatures for the river reaocmfPage Springs Dam to 5-
Mile Bridge for a 35-day period from July 1 to Awggu4t, 2003. We selected this period
because temperature and flow data were availaie & number of river and wetland
sites and because it was particularly warm duttiregperiod. We calibrated the model
using daily average and maximum temperatures frdst 13 (Blitzen River above
Bridge Creek) and Station 9 (Blitzen River at 5-&/MHridge). Since SSTEMP only
models a single reach at a time, data were inpuhfee individual segments of the river
for the reach from Page Springs to 5-Mile Bridgéhwutput from one segment used as
input for the next downstream segment.

We delineated segments based on the presencéation diversions, tributary
inflows, or the availability of flow and temperatudata at sites. The first segment was
from Page Springs to New Buckaroo Dam, becausgairan diversions reduce the flow
past this site for part of the period. The secagh®ent was from New Buckaroo dam to
Station 13, because we had temperature and floavaddhis site and Bridge Creek flows
into the Blitzen just downstream of this site. Theed segment was from Station 13 to
Station 9 at 5-Mile Bridge, where we also had terapge and flow data.

The model predicted water temperatures for the $egment above New
Buckaroo Dam, which was then used as input, alatiytive estimated diversions and
return flows in the second segment from New Buakdam to Station 13, to predict
daily water temperatures at Station 13. These medgberatures for the second segment
at Station 13 were “mixed” with Bridge Creek tribot inflow, using the mixing equation
above, and used these as model input along wiitn&std return flows, to predict daily
water temperatures for the third segment at St&jdhe Blitzen River at 5-Mile Bridge.
We used the measured daily average temperatuBtatadn 13 and Station 9 to
independently check the model output and caliltfagenodel.

RESULTSAND DISCUSSION

Hydrological and M eteorological Conditionsin 2002, 2003, and 2005

Figure 4 shows the Apr-Sept Blitzen River flowseaveral flow monitoring sites
for the three years of temperature monitoring. fiue sites, from upstream to
downstream are 1) the USGS Blitzen gage upstreaheakfuge, 2) the Blitzen below
Page Springs, 3) the Blitzen below Grain Camp,4rttie Blitzen below Sodhouse. In
most years, the runoff period on the Blitzen typycaxtends from April through May or
June and the baseflow period begins sometime in Pelaks in flow at the downstream
sites are attenuated and delayed relative to teaegm sites. Flow generally decreases in
the downstream direction due to diversions anceloss the refuge. About thé Sveek
of July, the FWS stops most diversions on the refagd flows at the downstream sites
usually increase and become approximately equalktoipstream sites.



The three years of temperature monitoring spanrradge of flow conditions.
According to the stream ranks presented in theipus\section of this report, the April to
September runoff measured at the USGS Blitzen Rjage was below normal in 2002
and 2003 and above normal in 2005. Total April-8eyiter runoff was 49,565 af in 2002
(31 percentile of all years), 55,509 af in 2003%4&rcentile of all years), and 78,140 af
in 2005 (78 percentile of all years). Average baseflow foryJuto September 30 was
43 cfs in 2002, 40 cfs in 2003, and 55 cfs in 2AIR3 had greater April to September
runoff but smaller average baseflow as compar&D@2. Of the three years, 2005 has
the highest April-September runoff and average filmseln general, higher river flows
should mean cooler water temperatures.

Air temperature is the single most important infloe on stream temperature,
particularly when stream flow is low and width-teglh ratios are high (Bartholow,
1989). Crisp and Howson (1982) found that they @@xlplain 86% to 96% of the
variance in water temperatures from several stregithslinear regressions containing
only mean air temperatures. The addition of rairdaktream discharge did not improve
the regressions. Smith and Lavis (1975) reporteichdar relationship between air
temperature and water temperatures in several stieams.

The average Jun-Sept air temperature at Burns Npahidirport was 17.7°C in
2002, 18.9°C in 2003, and 17.1°C in 2005. Two-sanpésts of all pairs of means
indicated that the Jun-Sept period in 2003 wasifstgntly warmer than 2005 (p=0.005)
but not significantly different from 2002 (p=0.05%here were 116 cooling degree days
in 2002, 152 in 2003, and 106 in 2005. 2003 washwearmer than 2002 or 2005, with a
higher mean summer temperature and a greater nuwhbeoling degree days. As
discussed in the previo@eneral Water Budgets for Malheur NWR report, the average
May-Sept air temperatures in 2003 are the highesecord for the period from 1979 to
2005. In addition, 2003 had the lowest averageflmwg®f any of the three years. As
well as having the highest runoff and baseflowhef three years with temperature
monitoring, 2005 was the coolest summer.

Water Temperaturesin 2002, 2003, and 2005

Daily mean air and water temperatures for 200232808d 2005 are presented in
Figure 5 for river and wetland monitoring sites.ilipair temperatures generally reached
their annual maximums around mid-July/beginnindogust. River temperatures follow
the trend in air temperatures closely, increasapgdly as runoff recedes in late June,
peaking in mid-July/beginning of August, and thecrasing. River temperatures
become warmer earlier in the season with distanesdtream, suggesting that river
conditions on the refuge are conducive to warmige warmest site on the river is
Station 12 (Biltzen below Sodhouse Dam), whichhesfurthest downstream monitoring
site.
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Figure 4. Blitzen River daily flows at USGS gagagP Springs Dam, Grain Camp Dam,
and Sodhouse Dam for Apr-Sept, all three years.
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Water temperature is strongly correlated with @mperature at all river
monitoring sites, especially in the summer basefi@nwod (Figure 6). Air temperature
explains from 82 to 85% of the variance in Jul-Segter temperatures for all three
years. One can observe the effect of higher riwsvd in the different response of river
temperatures to air temperatures during springffuamal summer baseflow. Figures 6a
and 6b present linear regressions of daily wateperature with 3-day average air
temperatures at several sites during spring ruiMély 1-Jun 15) and summer baseflow
(Jul 15-Sept 30) for 2002 and 2003. In generagrriemperatures are higher for a given
range of air temperatures under baseflow conditibas runoff conditions. The
difference between the two periods is smallertasdurther downstream. ANCOVA
indicated the slopes and intercepts of the regrasare statistically greater during the
baseflow period (p<0.05), with the exception ofti®tal2 in 2003. These results suggest
that water temperatures are warmer and increase rapidly for a given range of air
temperatures during the baseflow period as compgarte runoff period.

The median Jul-Sep discharge below Page Springsvizas80 cfs in 2003 and
41 cfs in 2005. Despite the higher baseflow in 26@%pared to 2003, we found no
statistically significant differences in the sloggsntercepts of the regressions when
summer baseflow (Jul-Sept) temperatures were gbhpegears. However, looking at
July alone, when the difference in median flows gwesater for the two years (median
July flows of 32 cfs and 61 cfs, respectively) rthevas a significant difference in the
intercepts of the regressions, suggesting thahitfteer baseflow in July 2005 had an
effect on the air/water temperature relationshipakidaily river temperatures at Station
9 were about 0.75 to 1.5°C cooler for a given ramfggr temperatures in July 2005
versus July 2003. Daily maximum temperatures wboeib2 to 4°C cooler in 2005. The
temperature modeling results discussed below exathmeffect of increased flows
further.

Figure 5 also shows wetland water temperature2@02 and 2003. Wetland
water temperatures behave very similarly as a gamabgenerally warm more
rapidly than river temperatures from mid-May tolgduly. The water in the wetlands
has a long residence time in shallow, unshadedrwatties, giving it ample opportunity
to equilibrate with air temperatures. Water tempugess in 2003 at Station 5 (the
downstream end of Bridge Creek) were also warmaar the Blitzen River and similar to
wetland water temperatures (Figure 5). Although thia spring-fed stream, the channel
flows through a very low-gradient, 2-mile sectioithanumerous wetlands known as the
Bridge Creek Canal, between East Canal and themujridge Creek. Water
temperatures increase considerably through thchréa August 1999, water
temperatures in Bridge Creek were about 12°C siggnipstream of the confluence with
the Blitzen River, 18°C at the upstream end of gei€reek Canal, and 22°C at the
mouth of Bridge Creek (Watershed Sciences, 200@3r&l, water temperatures in the
wetlands and canals adjacent to the river appeaaich equilibrium with air
temperatures much earlier than the river, espgaigistream Blitzen River sites. The
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Blitzen below Page Springs and other upstream sitdke river are much slower to
increase until the beginning of July, when runédfis have receded.

Figure 7 shows the increase in median Jul-Septrvietgperature with distance
downstream in 2003 and 2005. Jul-Sept water terpesawarm about 4.2°C in 2003
and 3.2°C in 2005 through the entire extent ofréfege and this difference is
statistically significant (p<0.002). The most rapade of increase appears to occur
between Stations 1 and 13, in the first 5 milethefrefuge. Temperatures increased 0.36
and 0.16°C/mile for 2003 and 2005, respectivelyhia reach. Temperature increases are
less, ranging between 0.05 and 0.10 °C/mile, dverémaining length of the refuge.
This is somewhat surprising since the channel ¢mmdi in the first five miles appear to
be much better than further downstream, espedilllywing the restoration in 2002.
There may be several reasons for this.

First, the river transitions to lower gradient ciimhs as it enters the refuge from
the canyon. Riparian and topographic shading iattyreeduced in the valley as
compared to the canyon upstream. The abrupt chamgbésnnel and topographic
conditions may mean that river temperatures ar&dan equilibrium with air
temperatures as the river enters the refuge. Onddvexpect a rapid response under such
conditions, as water temperatures attempt to dmjatk with air temperatures. Further
downstream, as water temperatures near equilibtiv@response will be slower and
warming will not be as rapid.

Another contributing factor for the rapid warmingthis reach of the river and
elsewhere could be warmer tributary flow from Bedgreek Canal and return flow from
adjacent wetlands (Faye Pond, West Knox Pond, aadedPond). However, Station 13,
located on the Blitzen River upstream of BridgedgRrand upstream of most wetland
return flow, appears to be warming more than wdaéexpected based solely on the
mixing of river waters and estimated wetland refilows upstream of this site. At least
at the present time, it appears that in the fivet miles of the refuge, reduced
topographic and riparian shading is responsibleiferwarming observed in the Blitzen
River, rather than wetland return flows and trilbytaflow from Bridge Creek. The
modeling results described below confirm that tidoy inflow and return flows are not
significantly warming the river under the currennditions in this reach.
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Figure 5. Average daily air temperature and wagsmeratures for the river monitoring
stations for all three years and the wetland $ae2002 and 2003.
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Figure 7. Increase in Jul-Sept median temperatithedistance downstream from Page
Springs for 2003 and 2005.

Water temperatures at Station 12 (Blitzen Riveowebodhouse Dam), the
furthest downstream site on the refuge, reflectctirabined influence of warmer
tributary and return flows sources, decreased fldwesto diversions, low-gradient
channel conditions, and reduced riparian shadiagef@l low-gradient tributaries and
return flows from numerous wetlands and hayfietdghie Blitzen Valley enter the
Blitzen River along the entire reach through tHfage upstream of Sodhouse Dam.
Station 12 water temperatures increase more quinklye spring in comparison to
upstream sites. Water temperatures become equattand and tributary temperatures
in early June and they begin to exceed these tetyes in early July. Return flows
decrease considerably through the summer as dvesr§or irrigation cease, so the effect
of these sources on river temperatures later istinemer should be negligible. The rapid
warming in the river observed at downstream siteghg late spring and early summer is
likely due to the combined effect of return flowsigation diversions, channel
conditions, and reduced shading.
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The 7-day average maximum exceeded the Oregonsséateard of 20°C at alll
sites for a considerable period of each summegraperature monitoring. Table 3
presents the number of days of exceedences byoreeach station that had a complete
record over the summer period. The number of dagsexceedences increased in a
downstream direction, but even the water enteftieg¢fuge exceeded the state standard
for a significant period each year. The Blitzen®ibbelow Page Springs Dam had 68 and
58 days with exceedences for 2003 and 2005, regpkctDownstream sites had
progressively more days with exceedences. The marimumber of days with
exceedences was 83 in 2003 at the Blitzen belown@g® Dam.

Table 3. Number of Days Exceeding the State Tenperstandard (20°C)
at each Station for 2002, 2003, and 2005
(NA indicates an incomplete record for that statioming that year)
Station

Station Name 2002 2003 2005
Number

1 Blitzen River blw NA 68 58
Page Springs

3 Blitzen River at Old 53 Station discontinued
Buckaroo
Blitzen River at 5-

9 Mile Bridge e h ”

10/26 Blitzen River at Grain NA NA 58

Camp

12 Blitzen River blw NA 83 NA
Sodlhouse

The number of days with exceedences is a measuie éfequency of high
temperatures. The magnitude of high temperatureeslences during a given period is
also important to fish and other aquatic organistmling degree days generally
increased downstream, although there were problgthscomputing this cumulative
measure because of the gaps in the record for sitese The conclusion is that both the
frequency and magnitude of exceedences increasesti@am.

Spring inflow from Page Springs has a small butisigant cooling effect on
river temperatures. Measurements collected witdngerature sensors upstream and
downstream of Page Springs during August 2005 atdatthat, on average, the river was
0.2°C cooler downstream of the springs (p=0.000)z& flows upstream of Page
Springs averaged 41 cfs in Aug 2005 and estimaage Bpring inflows averaged 14 cfs
in Aug 2005. To cool the water the observed am@wafC), the estimated water
temperature of the spring inflow would have to bewt 0.8°C cooler than the river
upstream, which appears reasonable when companestamtaneous observations of
spring water temperatures in Aug 2005.
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Modeling Results

We used the topographic and riparian shade comp®asrthe primary
calibration variables for the SSTEMP model, sinastother input variables for the
model are known. We assumed a shade-producing stirétees 10 ft high and 10 ft in
crown diameter with trunks positioned 10 feet bfrokn the water, and having a density
of 21%. The density term refers to both the coritynof the vegetation along the channel
and the light-filtering ability of the vegetatioAssuming that about 25% of the stream
bank is vegetated with willows and other local ripa vegetation and this vegetation
screens about 85% of the sunlight, the computedityeis 21% (0.25*0.85=0.21). The
resulting model-calculated total shading valueherpercent of the water surface that is
shaded through the day, is 9%. This is low but trayealistic for the refuge, given the
sparse riparian vegetation that exists presentiytla@ channelization and grazing
practices that have occurred historically (Langsg203). The predicted and measured
daily average temperatures at 5.25 miles at Stdtsoand 7.25 miles downstream at
Station 9 for the period Jul 1 to Aug 4, 2003 dreven in Figure 8. Predicted and
measured average temperatures agree fairly wethéoperiod G=0.97 and 0.86,
respectively). The agreement between predictedragabured maximums at Stations 13
and 9 is weaker {£0.64 and 7=0.74, respectively) and appears slightly biasex. A
discussed in the Methods section, the theoret@sistfor the model is strongest for mean
daily stream temperature. The poorer estimateswaadter correlations for maximum
temperatures are not unexpected for this reason.

For our purposes, this calibration is adequate. pidiet of this modeling exercise
was to create an input dataset that reasonablyaieauobserved temperatures
downstream and then to examine the effect of varmnanagement alternatives on water
temperatures. Alternatives examined included thecebf additional flow, the effect of
additional riparian shading, and the effect of mstutributary and return flow.

Table 4 presents the medians of predicted tempesatar the Jul 1 to Aug 4,
2003 period at Station 13 and Station 9 for curcemiditions and for each management
alternative. Figure 9 presents the predicted daiBrage and maximum temperatures at
Station 9 graphically for the current conditionsldor each management alternative.

The first and second management alternatives weel@d@Alt 1 and 2) increased
flows below Page Springs Dam by 15 cfs and by 30respectively, which are 50% and
100% greater than the measured median flow belaye Barings Dam for the Jul 1 to
Aug 4, 2003 period of 32 cfs. The increases cooksioly be accomplished through
reduced diversions, assuming the water is availailee refuge boundary. The model
carried the additional flow through all segmentd predicted the resulting mean and
maximum temperatures at Station 13 and 9. Withtewtdil flow in the river, the water
temperatures are significantly cooler for the Jtd Aug 4, 2003 period (Table 4).
Predicted daily means and maximums at Station 9.&’€ and 0.9°C cooler with 15 cfs
of increased flow (Alt 1) and 0.7°C and 1.5°C coaléth 30 cfs of increased flow (Alt 2)
for the period. The modeled reductions in meanraagimum temperatures at Station 9
under Alt 2 are nearly equal to the observed redostat Station 9 between July 2003
and July 2005, two periods which had flow differemequivalent to those modeled here.
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Figure 8. Measured and predicted water tempesatr8tation 13 and Station 9 for the

period Jul 1-Aug 4, 2003.
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Riparian shading is another important factor tloatid be affected through refuge
management. Under current conditions, the modeltatked a total shading of 9% with
the initial input parameters we assumed for ripaviegetation. To test the effect of
shading, we modeled Alt 3 which increased the tgtalding by assuming that 80%
rather than 25% of the stream bank is occupied vatfetation. We also increased the
height of the vegetation from 10 feet to 15 feet amoved the trunks of the trees from 10
feet to 5 feet from the water. Assuming that thgetation still screens about 85% of the
sunlight, Alt 3 resulted in a vegetation densitys8f6 (0.80*0.85=0.68) and a model-
calculated total shading of 27%. With this changaparian vegetation, the predicted
daily mean and maximum river temperatures at St&tiare 1.0°C and 1.8°C cooler than
measured temperatures for the period (Table 4).

Next, we modeled the combined effect of the inadahading described above
and flow increases of 15 and 30 cfs (Alt 4 and/8ith the increased riparian vegetation
and 15 cfs of additional flow (Alt 4), the predidteiean and maximum river
temperatures at Station 9 are 1.3°C and 2.5°C cémi¢he period. With the increased
riparian vegetation and 30 cfs of additional flo&t(5), the predicted mean and
maximum river temperatures at Station 9 are 1.41€€229°C cooler than measured
temperatures for the period (Table 4, Figure 9).

Another management alternative would be to reduedrtbutary inflow and
return flows reaching the river (Alt 6), since thegaters appear to warm up more
quickly than the river in early summer. Practicaityvould be difficult to reduce or
eliminate all tributary and return flow but we wadtto investigate the effect of tributary
and return flow contributions using the model. Wienmodeled daily water
temperatures with no tributary and return flow witthe entire reach, there was almost
no change in daily means or maximums compared &sured water temperatures for
the period. The differences between Alt 6 and tiveent conditions were quite small and
at Station 9, not significantly different from zgj@=0.238). The model results from Alt 6
suggest that the observed water temperature ireeredke first 7.2 miles of river occurs
because the river is equilibrating to air tempeaedand new channel conditions on the
refuge, not because of warmer tributary and refloms.

Reducing tributary and irrigation return flows hig reach would produce
marginal benefits in terms of river temperatured would come at a cost in terms of
management flexibility and biologic productivityrdetically, it would be difficult to
reduce or eliminate all tributary and return floMhese sources do not seem to be that
important to river temperatures, at least undextireent conditions considered in this
reach. However, they may be more important at dowas sites, particularly Station 12,
the Blitzen below Sodhouse Dam.

For the first five management alternatives examitiee daily maximum water
temperatures are affected more significantly timendaily average temperatures (Figure
9). While the accuracy of the SSTEMP model is fesgnaximum water temperature
predictions, it seems reasonable to assume thatldteve affect of any management
change would be greater for maximum water tempegatinan for average water
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temperatures. This is important to consider becthesenaximum water temperatures are
probably of most concern for fish and the waterigpuatandard is based on maximums.

Table 4. Medians of Modeled Temperatures under gament Alternatives
at Station 13 and 9 for the Period Jul 1 to AugGn3*

Sta 13 daily Sta 9 daily Sta 9 daily
mean mean max
Current conditions 21.7 22.1 26.3
Alt 1 — increase flow 15 cfs 21.3 21.6 25.4
Alt 2 — increase flow 30 cfs 21.0 21.3 24.8
Alt 3 — increase riparian veg 20.8 21.1 24.5
Alt 4 — increased riparian veg with 15 cfs 20.6 20.8 23.8
Alt 5 increased riparian veg with 30 cfs 20.5 20.7 23.4
Alt 6 — eliminate all tributary and return flows 21.6 21.8 26.3

*The median differences between all paired obs@matunder current conditions and each
alternative were all found to be statistically sfigant with p values = 0.000, except for Statioddly
means under Alternative 6. Maximum temperatureaesented for Station 9 but not Station 13.

The benefit of higher flows alone on water tempeées is small under the range
of flows and conditions considered here. Furtheanany such increase would mean
reduced diversions to the wetlands on the refupe.cbsts associated with reduced
diversions would need to be carefully weighed agjaime degree of cooling expected to
be realized in the river. One advantage of increédiesvs is that they can be implemented
relatively quickly.

Improved riparian shading, as modeled under altea&, appears to be very
effective at cooling river temperatures, even nswré¢han increasing flows by as much as
30 cfs. The assumed changes in riparian vegetaiem feasible, although they would
take time to implement. Riparian shading offerstipld terrestrial shading and it is
likely that there would be additional benefits tuatic habitat and channel conditions.
Some combination of increased flows and improvpdrian shading is the most effective
alternative for reducing Blitzen River temperatuelews increases could be greater in
the first few years until conditions in riparianesting improved. Even with better shading
and more flow, the water temperature standard wsitilldorobably be exceeded, but the
frequency, and likely the magnitude, of exceedamaeld be less. Blitzen River
temperatures downstream of Station 9 will likelydugte warm, verging on or exceeding
the standard of 20°C, unless channel conditionsigadian vegetation are improved
throughout the entire refuge. The important poiithwhese results is that any
management attempts to improve Blitzen River teripees should begin at the furthest
upstream reach on the refuge, where temperatunes mast rapidly.
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Water Quality in the Blitzen River Valley at Malheur NWR
Tim Mayer, Rick Roy, Tyler Hallock, Kenny Janssen
U.S. Fish and Wildlife Service

INTRODUCTION

The purpose of this report is to describe anduatalthe existing water quality
conditions in the Blitzen Valley at Malheur NWR. \WWeamine water quality in the river,
in canals and return flow channels, and in adjasatiands and other habitats. We
present summary statistics for various water quabtrameters, estimate nutrient loads,
and evaluate water quality impacts from refuge rganeent activities. We develop
nutrient budgets for two different areas on thegef Water temperature has been
examined in a separate report and will not be dsed in detail here. Water management
and water use in the Blitzen Valley has also bescudsed in previous reports. Water
quality and nutrient budgets for West Knox Pongeemanently-flooded wetland, are
covered in a separate report as well.

METHODS

We collected instantaneous measurements of fietdrgaality parameters at a
number of sites within the Blitzen Valley in 2002da2003. Measurements were
collected from the beginning of April through thedeof September in both years. The
monitoring sites were located along the BlitzeneRiand in tributaries, adjacent
wetlands, and return flow channels. Figures 1 aatb@g with Tables 1 and 2 present the
name, station number, and location of each site.rmbasurements were collected about
every two weeks, with more frequent measuremenisgithe summer. The parameters
we measured included water temperature, condugtpi, dissolved oxygen, and
turbidity. Water temperature and conductivity wereasured with an Orion Conductivity
Meter, model 115. pH was measured with a Orion mtem model 210, and a glass
electrode. Turbidity was measured with a Hach tinbéter. We calibrated all meters
prior to use each day. Dissolved oxygen was medsgierimetrically with a Hach
Digital Titrator and DO Kkit.

We also collected hourly continuous measuremenigatér temperature,
conductivity, pH, and dissolved oxygen with Hydtmdaat several of the sites. In 2002,
the Hydrolabs were deployed at Stations 1, 9, 46,12. In 2003, they were deployed at
Stations 1 and 26. We calibrated the Hydrolabsreedeployment and the calibration
was checked after deployment. The Hydrolabs wepéogied concurrently for 96 hour
periods approximately every two weeks from May tigto September.
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Figure 1. Map of Blitzen River Valley showing rigeasind creeks, study monitoring sites, and

several major landmarks and geographic features.
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We collected grab samples from the sites for laiooyaanalyses of soluble
reactive P (SRP), total P, ammonia-N, nitrate- @itrite-N, total N, chlorophyll a,
biological oxygen demand (BOD), and total susperstgidis (TSS). For this study, the
analytical sum of nitrate and nitrite is assumetdamitrate and will be referred to as
such. We analyzed chlorophyll a and BOD at almbsitas in 2002 but a reduced
number of sites in 2003, based on the low conceotiawe reported for many sites in
the 2002 samples. Several samples were analyzéd @mli and total coliform in the
spring of 2002 but we discontinued these analysesed on the low results for all
samples. All laboratory analyses used standard/@cedl methods.

Table 1. River Water Quality Monitoring Sites

Distance downstream of

Station Number Station Name Station 1 (mi)

1 Blitzen River blw Page Springs 0

13 Blitzen River at Bridge Creek 5.2

5 Bridge Creek at Blitzen 5.2

9 Blitzen River at 5-Mile Bridge 7.2

10/26 Blitzen River at Grain Camp 17.4 (Sta 10) / 14.5 (Sta 26)

11 McCoy Creek at Blitzen 17.9

12 Blitzen River blw Sodlhouse 44.0

Table 2. Irrigation Return Flow and Wetland Waterafity Monitoring Sites

Station Station Name General location of Station
Number
7 Faye Pond return flow channel West side of BiitRiver just
upstream of 5-Mi Bridge
25 Rock Crusher Pond return flow West side of Blitzen River, outlet
channel channel for West Canal
17 West Knox Pond East side of Blitzen River, south of
(permanent wetland) Knox Drain Rd
15 Cottonwood Pond East Side of Blitzen River, north of
(seasonal wetland) Bridge Creek
28 Crane Pond Adjacent to Blitzen River at
(permanent wetland) downstream end of Krumbo Valley



We describe summary statistics and use box mathaw the distributions of the
various water quality parameters as a functionisttdce downstream on the refuge. In a
box plot, the box defines the interquartile rargf@"(to 75" percentile), the line inside the
box defines the median, and the whiskers exteralimye and below the box define the
90" and 18" percentiles, respectively. Any data values outsidiis percentile range are
plotted as separated points. Censored data (nanalele concentrations) were analyzed
and plotted using the censored data technique®lseH(2005). We used a Kruskal-
Wallis test to test for statistically significantfdrences among a group of sites for a
given year and period (runoff or baseflow). We uaédest (or a Mann-Whitney test) to
test for significant differences in means (or mad)ebetween periods (runoff and
baseflow) at an individual site.

We developed mass balances and nutrient budget®fiortotal N and total P for
different areas and habitats using the concentratata and the water budget information
that was developed in an earlier report. For thteent budgets, we divided the irrigation
season into two periods, runoff and baseflow, aldutated separate mass balances for
each period. The transition from runoff to baseflwas arbitrarily considered by us to
occur on Jul 1, which is consistent with the otfegrorts in this study. We averaged total
N and total P concentrations for each period aed thultiplied that average by the total
volume of water for each period to determine thesra nutrient moving past a given
site.

RESULTS
Flows

Figure 3 shows the Apr-Sept Blitzen River flowseaveral flow monitoring sites
for the two years of water quality monitoring. Tloar sites, from upstream to
downstream are 1) the USGS Blitzen gage upstreaheakfuge, 2) the Blitzen below
Page Springs, 3) the Blitzen below Grain Camp,4rttie Blitzen below Sodhouse (see
Figure 1). The April to September runoff measurethe USGS Blitzen River gage was
below normal in 2002 and 2003. Total April-Septemib@off was 49,565 af in 2002
(31% percentile of all years) and 55,509 af in 2003 '(@drcentile of all years). Peak
flows were much higher in 2003 than 2002 but baseflwere lower. Average baseflow
for July 1 to September 30 was 43 cfs in 2002 d@hdfd in 2003. In both years, the
runoff period on the Blitzen extends from Aprildigh May or June and the baseflow
period begins sometime in July. We arbitrarily sapad the runoff and baseflow periods
on Jul 1 in both years. Peaks in flow at the doreash sites are attenuated and delayed
relative to the upstream sites and flow generadigréases in the downstream direction
due to diversions and losses on the refuge. Atimug{ week of July, the FWS stops
most diversions on the refuge and flows at the dtmgam sites increase and become
approximately equal to the upstream sites, as iseleigure 3.
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Figure 3. Blitzen River daily flows at USGS gagéifZ&én below Page Springs, Blitzen
below Grain Camp, and Blitzen below Sodhouse Dami\fw-Sept, for 2002 (top) and
2003 (bottom).
Electrical conductivity

Electrical conductivity is a measure of the disedlvons in the water and a

surrogate measure of water quality. High condutstiig not necessarily harmful to fish
and other aquatic organisms in and of itself, baan be associated with other harmful
constituents. There is no state water quality steshébr conductivity.



Conductivity in the Blitzen River ranges from ab&0tuS/cm at the upstream
end of the refuge to about 2iiS/cm at Sodhouse (Figure 4 and Table 3). Roy et al.
(2001) reported a similar range and a similar iaseawith distance downstream in their
monitoring results from Jul-Sept, 1999. A Kruska&Ms test indicated that, for both
periods and both years, the median from at leastsda was significantly different from
the group at the 0.05 level. The highest river cmtiglities occur downstream at Station
10/26, Blitzen River near Grain Camp, and StatidnBlitzen River below Sodhouse.
Conductivity also increases seasonally, from tmeffuperiod to the baseflow period. For
most of the upstream sites (Stations 1, 13, anthi8)jncrease was statistically
significant. There was no significant increase lestmthe two periods at the downstream
sites (Stations 10/26 and 12), except at Statiom PD02. Conductivities are more
uniform all season at downstream sites when grobgeskriod. However, there were
changes in conductivity throughout the summer ploatt to the contribution of irrigation
return flows as a source of higher conductivity.

Table 3. Median values of conductivityS/cm) for runoff and baseflow periods in 2002 and
2003 at Blitzen River sites from upstream to dove®n. Paired values in bold are
significantly different (p<0.05) for runoff and keflow periods.
Station 2002 2002 2003 2003

Number Station Name runoff baseflow runoff baseflow

Blitzen River blw

1 . 57.7 94.6 72.4 89.8
Page Springs
Blitzen River abv

13 Bridge Creek na 102.5 77.5 97.2
Blitzen River at

9 5-Mile Bridge 87.0 102.2 82.3 109.2

10/26 Blitzen River nr 124.0 131.8 112.1 133.6

Grain Camp
Blitzen River blw

12 Sodihouse 122.4 159.6 1194 130.8

Time series plots of conductivity for several rieerd return flow sites in 2002
and 2003 are presented in Figure 4. For all sttesept the Blitzen below Page Springs,
conductivity peaks in July, just prior to the cegsaof irrigation and declines in August.
Roy et al. (2001) reported a similar trend in cartolity in their monitoring results from
Jul-Sept, 1999. This could be indicative of thetdbation from irrigation return flows to
the river, especially given that the trend is legslent at upstream sites where there is
less return flow. Our monitoring of return flowslinates that they are typically higher in
conductivity than the river (150 to 3@@&/cm). They represent a greater proportion of the
total flow in the river once runoff recedes in Jalyd therefore, they would affect river
water quality most at this time. Return flows areajly reduced or eliminated altogether
after irrigation is stopped about thé &eek in July, so they would affect river water
quality much less after this time. This is probablyy conductivity declines in the river
sites after the end of the irrigation season.
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pH

pH is a measure of the negative log of the hydrageractivity, or concentration,
in water. The higher the pH, the lower the conarn. The state water quality standard
for pH in the Malheur Lake Basin is 7.0 to 9.0.

pH in the Blitzen River generally ranges from ©@t5 (Figure 5). At times, pH
in the Blitzen River has exceeded the state stanofe®.0, but only at Station 1 at the
upstream boundary of the refuge. pH varies diuyrealld seasonally. The consumption of
CO, during the day through photosynthesis can incrpbsg@H decreases at night due to
increase of C@from re-equilibration with atmospheric G@nd decomposition of
organic matter. Seasonally, pH is higher duringlthgeflow period. Warmer
temperatures and lower flows increase primary peodty and respiration. And lower
flows mean the water column is slower to equilieraith atmospheric CO

pH tended to decrease downstream in 2002 but r2A08. A Kruskal-Wallis test
indicated that the median from at least one site significantly different from the group
at the 0.05 level for both periods in 2002 butmesitperiod in 2003. The pH at all sites
was more uniform in 2003 during runoff and basefl®aey et al. (2001) reported a
decrease in pH with distance downstream in themitodng results from Jul-Sept, 1999.
A Mann-Whitney test was used to test for significdifferences between runoff and
baseflow periods at individual sites. The sitethwitatistically significant differences
between the two periods are shown in bold in TdblEor most sites, the difference
between the two periods is significant, with pHHegduring the baseflow period. pH in
irrigation return flow channels was very similamrteer pH and ranged between 7.0 and
8.0. Wetlands that remained flooded through thersamhad higher pH, ranging from
8.0 to 9.0 or even greater at times. Overall, reflaws do not seem to be affecting river
water quality in terms of pH.

Table 4. Median values of pH for runoff and bassffzeriods in 2002 and 2003 at Blitzen
River sites from upstream to downstream. Pairedegin bold are significantly different
(p<0.05) for runoff and baseflow periods.

Station 2002 2002 2003 2003

Number Station Name runoff baseflow runoff baseflow

Blitzen River blw
Page Springs

Blitzen River abv
13 Bridge Creek na 8.0 7.6 8.6

Blitzen River at

1 8.0 8.6 7.4 7.9

o 5-Mile Bridge 7.5 7.9 7.9 8.4
Blitzen River nr
10726 Grain Camp 7.2 7.9 7.6 81
Blitzen River blw
12 Sodlhouse 7.5 8.2 7.3 8.2
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Dissolved oxygen

Dissolved oxygen (DO) is one of the most importaater quality parameters for
the health of fish and other aquatic organisms paleP001). DO varies diurnally in
response to photosynthesis and decomposition. @xggaroduced during the day
through photosynthesis and consumed at night tirdegomposition. DO will also vary
seasonally in response to changes in the vegettidorganic matter concentrations.
The solubility of DO is also inversely related tater temperature. As water
temperatures warm seasonally, the solubility of d@0reases and concentrations will
decrease.

The state water quality standard for DO in theZglit River has not been formally
defined (Dick Nichols, DEQ Manager in Bend, OR,gqoemel communication). The
statewide water quality criteria for dissolved ogggn waters identified as providing
cold-water aquatic life is a concentration not lgss1 8.0 mg/L or 90% saturation. Cold-
water aquatic life means “aquatic organisms thapduysiologically restricted to cold
water, including but not limited to native salmstgelhead, mountain whitefish, char
(including bull trout), and trout.” Water bodiestime Malheur Lake Basin may be
designated as providing “cold-water aquatic lifeit they have not been formally
designated yet.

DO concentrations at several sites in the BlitzereRand tributaries dropped
below this criteria during the runoff and baseflpariods of both years. Two trends are
evident in the data. First, there is a decreagrconcentrations downstream from Page
Springs to Sodhousé€igure §. The lowest dissolved oxygen concentrations occur
downstream at Station 10/26, Blitzen River neains@amp, and Station 12, Blitzen
River below Sodhouse. Roy et al. (2001) reportsniglar trend in their monitoring
results from Jul-Sept 1999. The decrease in corat@mts with distance downstream
occurs during runoff and baseflow periods. A Kruskéllis test indicated that, for both
periods and both years, the median from at leastsda was significantly different from
the group at the 0.05 level. A Mann-Whitney tesswaed to test for significant
differences between runoff and baseflow periodedividual sites. The sites with
statistically significant differences between the fperiods are shown in bold in Table 5.

The second trend is a decline in DO concentratamus% saturation from runoff
to baseflow period in both years at some siteslélap Time series plots of % saturation
in 2002 and 2003 for several river and return fiit@s are presented in Figure 7. The
measure, % saturation, takes into account anyrgerliDO concentration related to
increasing water temperatures. All river sites bediabout the same DO % saturation in
spring and decline throughout the season. Dowarstigtes decline more than upstream
sites. In 2002, DO % saturation recovers in latarser at most sites but in 2003, this
does not occur.

11
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Table 5. Median values of dissolved oxygen conegiotns (mg/L) and % saturations for
runoff and baseflow periods in 2002 and 2003 azBfi River (upstream to downstream) and
tributary sites. Paired values in bold are sigaifitly different (p<0.05) for runoff and
baseflow periods. Years without data mean no mangaoccurred.

Station Station Name 2002 2002 2003 2003
Number runoff baseflow runoff baseflow
1 Blitzen River blw 9.4 8.9 10.1 8.1

Page Springs (94%) (88%) (102%) (79%)
13 Blitzen River abv Na 7.9 9.6 7.7
Bridge Creek (77%) (92%) (73%)
9 Blitzen River at 9.1 9.1 9.5 8.3
5-Mile Bridge (90%) (91%) (95%) (81%)
10/26 Blitzen River nr 8.4 7.6 7.5 7.7
Grain Camp (83%) (74%) (73%) (75%)
12 Blitzen River blw 8.4 7.5 8.6 6.4
Sodlhouse (83%) (72%) (77%) (60%)
5 Bridge Crk at 8.8 6.5 8.9 7.4
Blitzen (87%) (61%) (87%) (71%)
11 McCoy Crk at 9.2 8.5
Blitzen (92%) (84%)

Table 6. Median values of dissolved oxygen (mgijragation
return flow and wetland sites in 2002 and 2003.r¥&dthout data
mean no monitoring occurred.

Station

Station Name 2002 2003
Number
, cFr?gr?nZ?nd return flow 49 6.4
(n=6) (n=10)
o5 Rock Crusher return 4.7
flow channel (n=33)
6.6 6.4
17 West Knox Pond (n=22) (n=25)
6.9 7.1
15 Cottonwood Pond (n=2) (n=7)
8.2
28 Crane Pond (n=11)
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Return flow sites are consistently lower in DO thiaver sites (Table 6). It is
likely that return flows and tributaries are cobtriing to low DO in the river. Unlike
conductivity, river DO remains low after irrigatios stopped the"3week of July,
especially in 2003. As will be discussed under B@®igation and wetland return flows
are contributing biodegradable organic materidhtoriver, in addition to low DO
waters. This material may be subsequently decomgpsausing DO levels to remain
low even after return flows have ceased.
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Figure 7.Dissolved oxygen percent saturation at Blitzen Rard return flow water
guality monitoring stations in 2002 (top) and 2@d8ttom).

14



Hydrolab monitoring results for pH and DO

Both pH and DO are affected by biological procegpbstosynthesis and
decomposition) and both parameters, particularlydd@centrations, are partly a
function of water temperatures as well. This resultvariations diurnally as well as
seasonally. We characterized this diurnal and sed$loictuation with the 3-day
continuous deployments of Hydrolabs at various simhéring the season. Figures 8 and 9
present box plots of the hourly data collected femary, mid, and late season
deployments at two sites along the Blitzen. Thesséire Station 1, Blitzen below Page
Springs, where the river enters the refuge, antiocstd0/26, Blitzen near Grain Camp,
about one-third of the way downstream through thiz@h Valley (Figure 1). Generally,
there is much less diurnal fluctuation at the ddvaasn site, especially with pH.
Interquartile ranges of pH (represented by the gizbe box in the boxplots) are smaller
at the downstream sites, as can be seen in Fi§uaed 9. This may indicate less
biological activity in this part of the river, adst in terms of primary productivity. There
is less fluctuation in pH under high flows, as t@nobserved in the late May
measurements from both sites in both years.

DO concentrations are lower at the downstreantlséte the upstream site but the
seasonal trends are similar at both sites. Undagr flows in late May, DO concentrations
are high and do not fluctuate much diurnally. Seakminimums of DO occur in July at
both sites, especially in 2002, and this was evidethe instantaneous values collected
at all river sites. One reason for this may be weter temperatures reach their seasonal
maximums in July. The solubility of DO is a functiof water temperature and
increasing temperatures result in lower DO conegioins. Moreover, warmer water
temperatures increase the rate of organic decotigposivhich consumes DO. Another
factor could be the contribution of low DO irrigati return flows through the end of July.
DO concentrations recover somewhat in late sumserader temperatures decrease and
return flows diminish. DO concentrations rebound\ugust and September at both sites.

Biological oxygen demand (BOD)

BOD is an empirical test of the oxygen requireménitdiodegradation of
organic material in a water sample. It can be usaddicate the relative concentration of
biodegradable organic material in waters and timeige water quality of a water body.
Higher BOD will correspond with lower DO. Pristim@aters have a BOD of < 1.0 mg/L
and moderately polluted water have BOD ranging fe&btto 8.0 mg/L. There is no state
standard for BOD in the Malheur Lake Basin.
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Figure 10. Censored boxplots of BOD for Blitzen &iwater quality monitoring stations
for both 2002 and 2003.

BOD data for both seasons and both years are gidupsite and presented in
Figure 10. Between 40 and 60% of the river samghes60 to 80% of the tributary
samples were non-detects (< 1.0 mg/L). StatiorBliZen below Sodhouse, and the two
tributary samples have higher concentrations tharother river sites. A smaller
percentage of the return flow and wetland sitesyéen 0 and 30%, were below the
detection limit. In general, these sites had hig@®D concentrations than the river and
tributary sites. It is likely that irrigation andetdand return flows are contributing
biodegradable organic material to the river, reésglin lower DO concentrations in the
river.

Turbidity and total suspended solids (TSS)

Turbidity and TSS are two independent instantanewessures of the amount of
suspended solid material in the water. The suspgksoléls can be organic (possibly
organic matter or algae) or inorganic (clay andpsltticles that carried in suspension);
the two measures do not distinguish between fofrssigpended matter. The state water
quality standard for turbidity is that there cannmemore that a 10% cumulative increase
in natural stream turbidities, measured relativa tmntrol point immediately upstream of
the turbidity-causing activity. The standard issdied more at point sources and it’'s not
clear how it would apply to refuge activities.
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The two field water quality parameters follow sianitrends at all sites, which is
not surprising since the two parameters are diffemgeasures of suspended solids in the
water column. In the upstream Blitzen River si®&fions 1, 13, and 9), turbidity and
TSS were closely correlated with flows, increasiith high flows and decreasing with
low flows (Figure 11). Values at Station 5 (Brid@eeek at Blitzen) showed a similar
seasonal trend. Turbidity at all these sites isimawer during the baseflow period
compared to the runoff period. At the downstreaitzBh River sites, turbidity increased
during runoff, decreased in mid-summer briefly, #meh increased again in late summer
and early fall. This occurred most obviously attistal2 (Blitzen below Sodhouse) in
2002 and 2003 and Station 10 (Blitzen near Gram@an 2002. A Kruskal-Wallis test
indicated that, for the baseflow period in bothrge#ghe median from Station 10 in 2002
and Station 12 in 2002 and 2003 was significanffgient from the other sites at the
0.05 level. A Mann-Whitney test was used to tessfgnificant differences between
runoff and baseflow periods at individual siteheTites with statistically significant
differences between the two periods are shown lith inoTable 7 All of the upstream
sites show significant differences between runotf baseflow periods but Station 10 in
2002 and Station 12 in 2002 and 2003 do not, becaluthe late season increase at these
two sites.

Irrigation return flows could partly be responsibie the late season increase at
the downstream sites. Wetlands likely settle spkdpecially inorganic material,
reducing turbidity and TSS, but there is much npiretosynthetic activity and biotic
production of suspended material in some of thesttands (like West Knox Pond). The
volume of return flows reaching the river in Augasid September is small but they
could be contributing to suspended solid loadsi@river.

Table 7. Median values of turbidity (NTU) for rufi@ind baseflow periods in 2002 and 2003
at Blitzen River sites from upstream to downstreahaired values in bold are significantly
different (p<0.05) for runoff and baseflow periods.

Station 2002 2002 2003 2003

Number Station Name runoff baseflow runoff baseflow

Blitzen River blw
! Page Springs 13.6 4.0 10.2 2.3

Blitzen River abv

13 Bridge Creek na 3.1 12.5 2.3
Blitzen River at
9 5-Mile Bridge 17.3 3.8 21.0 4.4
Blitzen River nr
10/26 Grain Camp 6.4 11.0 20.0 5.3
12 Blitzen River blw 12.2 12.6 31.1 17.9
Sodlhouse
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More likely, downstream increases in turbidity tatethe season are related to
dam operations. The dams back up water for diverdiming the irrigation season, and
likely trap sediment in the process. When diversiare ceased about the ®eek of
July, the dam gates are opened and this trapp@teetdmay be mobilized. The timing
of the late season increases seems to implicateoganations since turbidity increases
coincide with the opening of the dams in late Ay early August. Carp activity may
also contribute to sediment mobilization.

Phosphorus

Phosphorus is most often the nutrient limiting @mgnproductivity in freshwater
ecosystems (Wetzel, 2001). There is no state wataity standard for P in Malheur
Lake Basin. Total P concentrations in nonpollutatural waters extend over a very wide
range but are generally between 0.01 and 0.05 fvgAizel, 2001).

There are two basic forms of forms of phosphoras Were distinguished
analytically in this study: total P and SRP. Td&ak a measure of all P in the sample and
includes solid organic and inorganic forms andalissd forms. SRP is a measure of
dissolved P, which is primarily orthophosphates primarily SRP that is immediately
bioavailable to organisms.

Total P concentrations in the river increase doveash through the refuge from
Page Springs to Sodhouse Dam (Figure 12 and TabMeglian total P concentrations
from Page Springs to Sodhouse increase two toftiidee more. The most obvious
increases occur downstream at Station 10/26 anm$t2. A Kruskal-Wallis test
indicated that, for both periods in both years,tiezlian from at least one site was
significantly different from the group at the 0.@vel. Differences between runoff and
baseflow periods were not as strong. Generallg) #iconcentrations were higher during
the runoff period but this was not always the case the differences were not always
statistically significant (Table 8).

High concentrations of total P are episodic ang berelated to suspended
sediment and higher flows. The largest range @il #tconcentrations occurred during
the 2003 runoff period. This may be related tol#éinge range of flows during this period.
Total P is associated with suspended sedimentciedlyeat the upstream sites, and both
of these parameters increase with higher flows. ixti@am concentrations were not as
closely related to suspended sediment and mayctefleombination of sources of P,
including irrigation and wetland return flows amdarnal loading from resuspended
sediments coinciding with dam operations. Concépotra of total P in return flows and
adjacent wetlands were typically much higher thanrtver concentrations (Table 9).
This source could be partly responsible for inareatotal P concentrations downstream.
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The percentage of P as SRP ranges from about@Wtan the river samples,
with no apparent trends downstream or seasonaily.percentage of SRP in wetland and
return flow samples ranges higher, from 30 to 76%likely that organic P is getting
converted to SRP in wetlands and flooded fieldsyd142005) described a similar trend
in wetlands at Klamath Basin NWR. This means taatrn flows from wetlands and wet
meadows in the Blitzen Valley could be a sourcbio&vailable P at times.

Table 8. Median values of total phosphorus (mgdr)réinoff and baseflow periods in 2002
and 2003 at Blitzen River sites from upstream tamgiream. Paired values in bold are
significantly different (p<0.05) for runoff and keflow periods.
Station 2002 2002 2003 2003

Number Station Name runoff baseflow runoff baseflow

1 Blitzen River blw 0.04 0.03 0.05 0.01
Page Springs

Blitzen River abv

13 Bridge Creek na 0.03 0.03 0.02
Blitzen River at
9 5-Mile Bridge 0.07 0.04 0.09 0.04
10/26 Blitzen River nr 0.10 0.09 0.13 0.05
Grain Camp
12 Blitzen River blw 0.08 0.11 0.13 0.12
Sodlhouse

Table 9. Median values of total phosphorus (mgflijragation
return flow and wetland sites in 2002 and 2003.r¥&édthout data
mean no monitoring occurred.

Station Station Name 2002 2003
Number
7 Faye Pond return flow 0.29 0.25
channel (n=9) (n=10)
25 Rock Crusher return 0;13
(n=20)
flow channel
0.53 0.51
17 West Knox Pond (n=14) (n=12)
0.13 0.16
15 Cottonwood Pond (n=4) (n=8)
0.45
28 Crane Pond (n=11)

22



Total P (mg/L) Total P (mg/L) Total P (mg/L)

Total P (mg/L)

0.3

2002 Runoff Period
0.2 -

0.1 - 1

0.3

2002 Baseflow Period
0.2 -

00 B B S

0.3

2003 Runoff Period

0.1 4

0.0

0.3

2003 Baseflow Period

0.1 ~

—

0.0

Stal Sta 13 Sta 9 Sta 10/26 Sta 12

Station Number

Figure 12. Total P at Blitzen River water qualitpmitoring stations during the runoff
and baseflow periods in 2002 (top) and 2003 (bottom
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Nitrogen

Nitrogen is another macronutrient essential fanpry productivity. It
occurs in freshwater in numerous forms: dissolvetesular N, organic forms, nitrate,
nitrite, and ammonia. Sources include precipitgtiotrogen fixation, and inputs from
surface and ground water drainage (Wetzel, 2001).

There are three basic forms of forms of nitrogeat tan be distinguished
analytically: total N, nitrate-N, and ammonia-N.taloN is a measure of all N in the
sample and includes solid organic and inorganimgand dissolved forms. Most of the
solid N is going to be in organic form. Nitratelle oxidized form of dissolved N.
Ammonia is the reduced form of dissolved N. Bothh&fse dissolved forms are
immediately bioavailable to organisms.

Median total N concentrations from the river sile=e not significantly different
from each other during the runoff period but during baseflow period of both years,
there was at least one site that was statistidé#figrent from the other sites. For
individual sties, there were no significant diffeces between periods at any of the sites
in 2002 (Table 10). In 2003, several sites hadiggmtly higher concentrations of total
N during the runoff period. These were the sanmesghat had significant differences in
total P concentrations (see Table 8). As with tBtahis may be related to the higher
flows that occurred during runoff in 2003. The heghtotal N is likely associated with
suspended organic material.

The most obvious trend in N concentrations is aneiase in total N at the two
most downstream sites, Station 10/26, Blitzen @ain Camp, and Station 12, Blitzen
below Sodhouse (Figure 13). During the basefloviopgenf both years, total N
concentrations decreased along the upstream dhe oféfuge and then increased further
downstream. This could reflect the effect of irtiga return flows. As with total P, the
concentrations of total N in irrigation return flevand wetlands are much higher than in
the river (Table 11). Return flows represent a ggreproportion of the total flow in the
river once runoff recedes in July and thereforeytwould affect river water quality most
at this time.

The percentage of N as nitrate and/or ammonia,rafeored to as bioavailable N,
ranges from 12 to 30% in the river samples. Thadsgfraction, 30%, occurred at Sta 1,
Blitzen below Page Springs, in both years. Thetiwacmf N as nitrate or ammonia
decreased with distance downstream even as tatadrislased. The fraction was even
lower in most of the irrigation return flows andte@ds and ranged from 2 to 14%.
Mayer (2005) reported similar findings for wetlandghe Klamath Basin NWRC. The
wetlands in the Klamath Basin and Malheur may hk &r bioavailable N through
mineralization, nitrification, and denitrification.
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Figure 13. Total N at Blitzen River water qualitpnitoring stations during the runoff
and baseflow periods in 2002 (top) and 2003 (bottom
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Table 10. Median values of total nitrogen (mg/Ly) fenoff and baseflow periods in 2002 and
2003 at Blitzen River sites from upstream to dowe@h. Paired values in bold are
significantly different (p<0.05) for runoff and keflow periods.

Station Station Name 2002 2002 2003 2003
Number runoff baseflow runoff baseflow

1 Blitzen R|_ver blw 0.44 0.42 0.44 0.27
Page Springs

Blitzen River abv

13 Bridge Creek Na 0.29 0.44 0.15
Blitzen River at
9 5-Mile Eridge 0.30 0.31 0.42 0.30
10/26 Blitzen River nr 0.52 0.52 0.72 0.38
Grain Camp
12 Blitzen River blw 0.62 0.66 0.71 0.74
Sodlhouse

Table 11. Median values of total nitrogen (mg/L)ragation return
flow and wetland sites in 2002 and 2003. Yearsatldata mean
no monitoring occurred.

Station

N Station Name 2002 2003
umber
Faye Pond return flow 0.99 0.89
channel (n=9) (n=10)
25 Rock Crusher return 1;08
(n=20)
flow channel
1.50 2.28
17 West Knox Pond (n=14) (n=12)
0.78 1.37
15 Cottonwood Pond (n=4) (n=8)
2.56
28 Crane Pond (n=11)
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Figure 14. Total P and Total N at two return fldtes along the Blitzen River, Station 7
sampled in 2002 and 2003, and Station 25, sampl28G3 only.

N and P in irrigation and wetland return flows

In general, concentrations of total P and totah khe wetlands and irrigation
return flows are higher than the river concentrai@~igure 14). At Station 7, Faye Pond
return flow, and Station 25, West Canal return floancentrations of TP and TN
increased through spring and peaked in May, thehn@el in both years. At Station 25,
they increased considerably in July 2003 againe@ajly total N, for reasons unknown.
The higher concentrations early in the season doeild result of decomposition of
vegetation and other organic material, including coanure, from the previous season.
This makes physical sense, however, we don’t réilye enough monitoring
information to verify sources.
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Figure 15.Censored boxplots of chlorophyll a for Blitzen Riveater quality monitoring
stations for both 2002 and 2003.

Chorophyll a

Nutrient-rich waters can facilitate excessive algeowth and poor water quality.
Chlorophyll a concentrations are an indicator ghbiomass and general water quality
conditions. All plants, including algae, contairiarophyll a. For planktonic algae,
chlorophyll a constitutes about 1 to 2 % of the @eight. The state water quality
standard for chlorophyll a is /L for rivers, but this standard does not apply to
marshes.

Chlorophyll a concentrations were low overall (ggfL) and showed little
variability in time or space (Figure 15). For tlner sites, roughly 5% to 25% of the
samples were below the detection limit of AdlL. A Kruskal-Wallis test indicated that
there were no significant differences in the mesliaetween sites at the 0.05 level. There
was a slight tendency for higher concentrations @distance downstream. Despite the
availability of macronutrients, there appears tdittle problem with excessive algae and
euthophication in the river. The chlorophyll a centations represent grab samples from
the water column. We did not attempt to samplg#aiphytic algae, only planktonic
algae.

Based on TN:TP ratios, the upper reaches of thedliRiver appear to be P-
limited, with TN:TP molar ratios of >23 much of tlime (Wetzel, 2001). This may be
one reason for the low algal biomass in the riFeconcentrations do increase
downstream and the system appears to be lessdimiterms of P further downstream.
However, algal biomass appears low even in thishrdaased on chlorophyll a
concentrations in the water column.
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E. coli and total coliform

E. coliand total coliform are bacteria groups that amamonly used as indicators
for fecal contaminatiork. coliis an indicator for fecal material from mammalseBtate
standard foE. coliis that the geometric mean of 5 samples collested a one month
period can not exceed 126 organisms per 100 ri@hdiand no single sample can exceed
406 organisms per 100 milliliters.

E. colisamples from Station 1, Blitzen below Page Springse very low
(geometric mean of 1 organism/100 ml). Numbersaased slightly downstream at
Station 10, Blitzen near Grain Camp, and StatignBlifzen blw Sodhouse Dam, but
they were still quite low (geometric means of 1Qamisms/100 ml or less). Station 7,
Faye Pond return flow, and Station 17, West Knomd?@also had low numbers
(geometric means < 5 organisms/100 ml). The high@sbers of E. coli were found in
samples from Station 11, McCoy Creek at Blitzer,tha numbers were still well below
the standard (< 50 organisms/100 ml).

Total coliform is a broader indicator of fecal m¥a&l from all warm-blooded
animals. Geometric means for total coliform rangethe low hundreds for all sites.
There did not appear to be any trends downstre&merelis no state standard for total
coliform.

Nutrient Budgets and Mass Loadings

In the previous section of this report, we havengixad how concentrations of
water quality constituents change through the efddpw we will examine how mass
loads change. A mass load is defined as concenritdischarge. We develop nutrient
budgets, based on mass loads, for several rivehesaareas, and habitats on the refuge
for the Apr-Sept period. These are based, in partyater budget information developed
and discussed in the previous report entitMthter Budgets, Net Inflow, and
Consumptive Use Estimates for Malheur National WédRefuge.”

Buena Vista/Frenchglen Area

We consider the river reach between Page Sprindy§&asin Camp for the first
nutrient budget (Figure 1 and 2). This reach ofBhizen River flows through the Buena
Vista/Frenchglen area of the refuge and nutrienteatrations will be affected by
management practices in this area. The total tetjarea in the Frenchglen and Buena
Vista Area is about 22,000 acres. This includesash as 5,300 acres (24%) of open
water ponds and wetlands. We developed a waterdbdioigthis area in a previous
report.
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Methods

We consider total mass load into this reach asuine of mass load at Station 1,
Blitzen below Page Springs, and Station 5, Bridgeek at Blitzen. We consider total
mass load out of this reach to consist of the rws$at Station 10/26, Blitzen near Grain
Camp. The difference between mass in and masd thisaeach will give us an estimate
of the other potential sources and sinks of nutmeass that are not measured, including
irrigation and wetland return flows, groundwategs&ge, and internal loading from
sediments. Negative balances (when mass out isegithan mass in) indicate sources of
nutrients and positive balances indicate sinksrdhee some diversions that are not
accounted for in this mass budget. Diversions airGCamp through the Buena Vista
Canal and the Grain Camp Canal are diverted upsteg&rain Camp Dam, along this
reach, but return flows, to the extent that thegtexnter the river below this reach. This
means that mass may be returned to the systertumm flows that are not accounted for
in our budget. However, it is likely that the qunof return flow and mass is small.

Results

Table 12 presents the mass loads for total P @aatiNdby year and period.
Generally, loads were much higher during the rupefiod than the baseflow period,
primarily because of the higher flows. This make&sse; more mass moves in and out of
the river reach under higher flows. The higher 8awthe 2003 runoff period compared
with the 2002 runoff period resulted in higher miasgls as well. There was a tendency
for total N to be reduced (positive differences)l &mtal P to be increased (negative
differences) through the reach, but the only dtesily significant difference between
inflow loads and outflow loads occurred for totahRhe baseflow period in 2002. Other
than that period, the variability was too largedentify significant differences.

Analyses of the concentration data above suggéséeavetland and/or irrigation
return flows were a potential source of total Phia river. The load differences, although
statistically weak, support this as well.

Table 12. Mean Total P and Total N mass loads tardlard errors (kg/period) for the Blitzen
River between Page Springs and Grain Camp for famaf baseflow periods in 2002 and 2003.
Paired values of inflow loads and outflow load®aid are significantly different (p<0.05).

Station Name 2002 runoff 2002 2003 runoff 2003
baseflow baseflow

Lzo'lrs‘ﬂow 3155 + 514 363 + 48 4731 + 1160 619 + 342

TP outflow 3100 + 226 812 + 108 7389 + 1617 515 + 52

loads

Difference 55 -449 -2568 104

Lgo'lgﬂow 23961 + 4334 4884 + 708 40070 + 7514 4548 + 1141

Ig dOS”tﬂOW 17590 + 1957 4479 + 325 30580 + 2671 3424 + 744

Difference 6371 365 9490 1124
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Westside P Ranch Area

Next, we consider an area of lands rather thareeifspriver reach. The
area is the Westside P Ranch Area, defined as @3 4cres of irrigated lands south of
5-Mile Road, bounded to the south and west by Wasial and to the north and east by
the Blitzen River (Figure 2). In 2002, this arealided only about 120 acres (3%) of
open water ponds and wetlands. Most of the areagated wet meadow. We developed
a water budget for this area for 2002 in a previegp®rt. Here, we develop a nutrient
budget for 2002 for the same area, based in pathairwater budget information.

Methods

We consider total mass load into this area astine of the mass load at Station 2,
West Canal at Blitzen, and Station 4, Highline Rym@nd diversions at New Buckaroo
and Old Buckaroo. We consider total mass load btltie reach to consist of return
flows at Station 8, Jones diversion, and Statiofage Pond return flow, and Station 6,
West Canal at 5-Mi Road. The difference betweensnraand mass out will give us an
idea whether water and habitat management pradtidbss area serve as a source or
sink for nutrients. We measured flows continuowlipoth sites on West Canal and
upstream and downstream of the New Buckaroo andBOd#aroo diversions. We
measured flows periodically at Faye Pond returw fldones diversion, and Highline
Flume. Concentrations at Station 1, Blitzen bel@agd’Springs, were assumed to be
representative of concentrations at West Canahlitig Flume, and New and Old
Buckaroo diversion. Concentrations at Faye Pongmdtow were assumed to be
representative of Jones diversion as well. Conagatrs at West Canal at 5-Mi Road
were collected and measured as part of the study.

Results

Table 13 presents the mass loads for total P@atN for the runoff and
baseflow period in 2002. As with the Blitzen Riveach, much more mass moved during
the runoff period compared with the baseflow peribite Westside P Ranch area is a
source of total P and total N (negative differerfoedoth nutrients during both periods),
with statistically more nutrients exported from #rea than moving into the area, with
the exception of total N during the runoff peridnlterms of mass percentage, there was
more total P exported than total N. The area ajgpedre more of a source of P than N.
This could be due to the wetting/drying cycle thaturs in these wet meadow areas
since these areas are only irrigated until abaiBthweek of July. The annual drying
cycle allows oxidation of newly-formed organic neatand release of nutrients,
especially P, which then move into the water colwpan flooding (Reddy et al., 1999;
Mayer, 2005). Furthermore, wet meadows are donunayeannual vegetation, as
opposed to perennial vegetation. The predominahaarwal vegetation may result in
less P being translocated back into the below-gtdiomass at the end of the growing
season and more being released into the water calyon flooding (Mayer, 2005).
Mayer (2005) reported export of P from season&tlgded wetlands in the Klamath
Basin, for similar reasons.
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Table 13. Mean Total P and Total N mass loads tardlard errors

(kg/period) for the Westside P Ranch area for rianfl baseflow

periods in 2002. Paired values of inflow loads antflow loads in
bold are significantly different (p<0.05).

Station Name 2002 runoff 2002 baseflow
TP inflow loads 782 + 155 69 +14
TP outflow
loads 2433 £ 513 458 + 43
Difference -1651 -389
TN inflow loads 6254 + 1316 1036 + 213
TN outflow
loads 8170 + 1054 1741 + 55
Difference -1646 -705

The total P outflow load from this area is consatée when compared to the total
P mass load in the river for the same period. HEhiisss true for total N. Based on these
results, we can assume that return flows from seadlyeflooded wet meadow habitat are
contributing to P concentrations in the river. Téairce is likely responsible for part of
the increase in P concentrations downstream. Howbased on the low chlorophyll a
concentrations in the river, concerns with increaBeoncentrations and eutrophication
do not seem to be warranted at this time.

CONCLUSIONS

Based on the water quality results from this stuldg main water quality
parameters of concern in the Blitzen Valley aredemtivity, dissolved oxygen, turbidity
and suspended sediment, total P, and total N. bed@xygen decreases and
conductivity, turbidity, suspended sediment, tétahnd total N increase with distance
downstream. Low dissolved oxygen concentrationpamicular, are a big concern
downstream during the summer baseflow period. Quna&ons are below state
standards at downstream sites. Irrigation andandtteturn flows are contributing low
DO- and higher BOD-waters to the river and maydsponsible for some of the low
concentrations further downstream. But warmer teatpees downstream also
undoubtedly contribute to the DO decreases.

Late season increases in river turbidity and TS$ be related to dam operations.

These two parameters increase at about the tinméiaams are opened up, in late July
and early August.
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The timing of conductivity increases downstreantl@river seems to implicate
return flows as sources of higher conductivity waide return flows are generally much
higher than the river conductivities. The increas@snstream in the river are observed
to occur through the irrigation season and reackimams in late July, coinciding with
the end of the irrigation season on the refuge.

Return flows are also implicated as a potentiats® of nutrients to the river.
Concentrations of both macronutrients are highéhénreturn flows and they increase
downstream in the river. The wetlands, particuléiny wet meadows, appear to be a
source of P and possibly N, based on the nutriedgiét for the Westside P Ranch Area.

Despite the fact that nutrient concentrationsaase downstream, there does not
seem to be much of a problem with eutrophicatiah @anktonic algae in the river.
Concentrations of chlorophyll a are very low thrbagt the river. This may be because
of limited P availability, based on P concentrasi@md N:P ratios in the river.
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West Knox Pond Water Budget and Water Quality
Tim Mayer, Rick Roy, Tyler Hallock, and Kenny Janssen
U.S. Fish & Wildlife Service

INTRODUCTION

The purpose of this report is to describe anduatalthe existing water quality
conditions in West Knox Pond, a permanently floodetland, at Malheur NWR, for the
May through September period of 2002 and 2003 (Eid). We present summary
statistics for various water quality parameterineste nutrient loads, and evaluate water
guality impacts from management activities at Whetland. A water budget was
determined for this area in a previous sectiorhisf teport.

METHODS

Instantaneous measurements of field water quaditsgpeters were collected
from the inflow and outflow of West Knox Pond frahe beginning of April through the
end of September in 2002 and 2003. The measuremven¢scollected every two to three
weeks, with more frequent measurements duringuherer. Parameters measured
included water temperature, conductivity, pH, digsd oxygen, and turbidity. Water
temperature and conductivity were measured wit@aon Conductivity Meter, model
115. pH was measured with a Orion pH meter, motie] 8nd a glass electrode.
Turbidity was measured with a Hach turbidimetet.mAéters were calibrated prior to use
each day. Dissolved oxygen was measured coloricadliriwith a Hach Digital Titrator
and DO Kkit.

Hourly continuous measurements of water temperataoreductivity, pH, and
dissolved oxygen were also collected with Hydrold8ise Hydrolabs were calibrated
before deployment and the calibration was checkied deployment. The Hydrolabs
were deployed concurrently for 96 hour periods aepipnately every two to three weeks.
In 2002, Hydrolabs were deployed concurrently @ahhbe inflow and the outflow. We
compared the paired hourly measurements from thligdtbs at the inflow and outflow
using a Wilcoxon signed rank test. In 2003, Hydoslavere deployed at the outflow
only.

Hourly measurements of water temperature werealected continuously for
the entire season at the inflow and outflow ofgibad, using Optic Stowaway
temperature sensors. In 2002, the Stowaway atutilow was lost at the beginning of
the summer so there are not continuous data asiteigor the entire season. There is a
complete record of temperature at both sites fOB82Geven-day-average maximum
temperatures were calculated using the continuoudynmeasurements. The state water
guality standard for temperature is based on ansdag-average maximum. The value is
computed on a given day by averaging the daily mara temperature from the current
day and the three days preceding or following tiveent day. In 2002, such calculations
could not be done for the outflow since continudata were not available at this site for
the entire season.
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Water quality samples were collected for laboratmglyses of soluble reactive
P, total P, ammonia-N, nitrate- and nitrite-N, t®&abiological oxygen demand, and
total suspended solids. For this study, the arealyium of nitrate and nitrite is assumed
to be nitrate and will be referred to as such. B&wamples were analyzed for E. coli
and total coliform as well in 2002. Chlorophyll asvanalyzed semi-regularly in 2002
and in every sample in 2003. All laboratory anasyssed standard analytical methods.

Measurements at the outflow were collected in tbdamd near the outflow
structure, regardless of the volume of outflow edag at the time of sample collection.
These are referred to as outflow samples and merasumts, even if there was no outflow
at the time they were collected.

Water Quality Monitoring Results and Discussion
Water Temperature

The State of Oregon water quality standards statiethe “seven-day-average
maximum water temperature for streams identifiedasng redband trout use must not
exceed 20.0° C (68.0° F).” While West Knox Pondsdoa& have redband trout use, the
surface outflow is tributary to the Blitzen Rivehieh is redband habitat. Water
temperatures in the West Knox Pond outflow excedldedtate standard from the end of
May to the beginning of September in 2003 (the gelgr for which there is a complete
record at the outflow) (Figure 2). There was sohsral stratification in West Knox
Pond and the Optic Stowaway sensor at the outflag positioned near the bottom of
the water column in 2003. It is possible that watenperatures near the surface were
even greater than what is reported here. Thigjisfgant since the outflow structure is
designed to take water from the top of the watéwraa. The Hydrolabs were positioned
closer to the surface of the water column and Wielethe data from the Hydrolabs
better represent surface water temperatures.

Outflow temperatures equaled or exceeded inflowpegatures during most of
the 2003 season (Figure 2). On average, outflovpéeatures were 0 to 4 degrees greater
than inflow temperatures for both years. Thereeddhce between the two sites is close
to zero in early spring but increases to a maxinmuduly and August. This is expected
since the quiescent water in the shallow wetlarwdaigmed to a greater degree than the
inflow from Bridge Creek, as air temperatures iaseethroughout the summer. However,
the water in the inflow also warms throughout teason. Both Bridge Creek and the
Knox Pond diversion canal are channelized abové\test Knox inflow structure and
water slows and warms in these sections of thast(®©DEQ, 1999). Inflow water
temperatures at West Knox Pond exceeded the Ostgodard from the end of May
through the beginning of August, with the exceptda few days in June, in both 2002
and 2003. Bridge Creek is redband trout habitateRamination of the 2003 temperature
data from Bridge Creek at the Blitzen (Stationdgwnstream of the Knox Pond



diversion canal, showed that the temperature stdndas exceeded for most of July and
August in 2003.

West Knox Pond Water Temperature 2003
Measured Temperature and State WQ Standard
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Figure 2. Seven-day-average maximum water tempesaftom 2003 at the inflow and
outflow of West Knox Pond.



The hourly Hydrolab temperatures in the West KnordPoutflow for four 96-
hour deployments during July through mid-August@otted by year in Figure 3. The
mean temperature during the July through mid-Augppewnas 22.8° C in 2002 and 23.5°
C in 2003. There was a slightly greater range @32@ith a maximum temperature of 32°
C, compared with a maximum of 29.7° C in 2002. \Maem air temperatures in 2003
may have been a factor in the high water tempegatobserved in 2003. Despite this
difference, water temperatures for the two yeanewet statistically different during the
July through mid-August period.

The Blitzen River is the receiving water for thdftaw from West Knox Pond.
The 5-Mile Bridge site on the Blitzen is locatedtjupstream of the confluence of the
West Knox outflow drain and the river. The 2003 We&sox outflow mean daily
temperatures for the 2003 season were 1.9° C wdhaeithe mean daily water
temperatures in the Blitzen River at 5-Mile Bridgepaired t-test showed that the
difference between the wetland outflow and therrwas significant (p=0.000). The
difference was greatest during the spring and dseckin the summer (Figure 4). When
air temperatures increased around mid-May, watepégatures in West Knox Pond
responded almost immediately but water temperaiardee Bitzen River at 5-Mile
Bridge increased much more slowly, because of ithie flows at this time of year. As
river flows decreased toward the end of June, wataperatures in the river increased as
well and were similar to West Knox Pond water terapges for the remainder of the
season (Figure 4). The quiescent water in the nethearm more rapidly with increasing
air temperatures than the river, especially atdrigtver flows. 2002 shows a similar
pattern, with water temperatures in the West Knatfl@w exceeding the river during
mid-May and June but close to the river later mshmmer.

The West Knox inflow mean daily temperatures fa& 2003 season were, on
average, 2.1° C higher than the mean daily watepégature in the Blitzen at Page
Springs, the initial source of much of the inflokigure 4). A paired t-test showed that
this difference was significant (p=0.000). Like thaflow and the river, the difference in
mean daily temperatures between the wetland inflod/the river at Page Springs was
greatest in spring (8 to 10° C) and decreasednmsar. This appears to be related to
differences in flow at the two sites. The inflonMéest Knox, and the flow in Bridge
Creek is channelized, regulated, and consisteoily This water warms quickly in the
spring. By contrast, the flows in the Blitzen agB&prings are relatively higher,
especially in spring, and do not warm as quickliluhe high flows recede. This results
in a temperature difference between the two slitasis maximized in spring and
diminishes during summer. Flow influences watergeratures throughout the refuge.
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Figure 3. Box plots of West Knox outflow hourly tperatures for July through mid-
August in 2002 and 2003. In a box plot, the celieris the 58 percentile or median,
the box spans the #%0 75" percentile and the whiskers span the range afidte
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Conductivity

The concurrent Hydrolab measurements at the inflod/outflow in 2002
showed that the outflow conductivity was signifidgrigher than the inflow (p=0.000).
In 2002, the average inflow conductivity was 94q¢n$and the average outflow
conductivity was 167 puS/cm. The higher conductiintyhe wetland is due to
evaporative concentrations of salts and the dissolof residual salts in the wetland.
There was little change in conductivity over thass® in 2002. In contrast, the
conductivity of the outflow increased from an ayggaf 133 uS/cm to 189uS/cm from
May through August 2003. The seasonal increas@03 Znay have been partly a result
of the low volume of outflow from the wetland in@3)

pH

pH in the wetland outflow averaged 7.8 in 2002 @rixin 2003. pH ranged as
high as 10.15 in June 2003, as measured with tloen@H meter, although maximum
values from the Hydrolab only reached about 9.4 yhar. Hourly pH as measured with
the Hydrolab at the inflow and outflow in 2002 wemmpared using a Wilcoxon signed
rank test. pH was significantly higher in the ootflas compared to the inflow for all
periods of deployments (p=0.000). This is due &odteater algal and plant productivity
in the wetland. Carbon dioxide is consumed thrgpightosynthesis and results in an
increased pH. pH in the wetland outflow also exsdéé pH of the river, for the same
reason. The Oregon state water quality standarpHas 7.0 to 9.0. Wetland outflow
exceeded this standard for a small part of theosedsring both years although the
Oregon standard states that waters impounded byntyrhave pHs that exceed this.

Dissolved Oxygen

Dissolved oxygen concentrations and % saturatidfeyeld between spring and
summer in both years. Mean concentrations decreast@vere significantly lower
(p=0.000) in the summer as compared to the spnirgpih 2002 and 2003 (Figure 5).
However, the range of concentrations increaseddrstmmer, with higher maximums
and lower minimums. Minimum concentrations were&rhg/L in July in both years
with a slight recovery in late summer. The minimdissolved oxygen corresponds to the
month of maximum water temperatures.

The decrease in means and increase in varialelikyat the response to
photosynthesis and respiration in the pond. As tratpres warm and solar radiation
increases, algal productivity and algal decompasiéire increased as well. Algal
photosynthesis releases dissolved oxygen into #terveolumn while decomposition of
algal biomass consumes it.

Paired measurements of dissolved oxygen concengaitn the inflow and
outflow of West Knox Pond were compared in 2003)(r¢ 6). Concentrations in the
outflow were significantly lower (p=0.000, n=650irg@l measurements) than the inflow.
The mean inflow concentration was 7.17 mg/L andniean outflow concentration was



5.64 mg/L. The difference in the means was 1.53.nifie range of concentrations in
the outflow exceeded the inflow, especially in suenmeflecting greater algal activity

and

% Saturation

decomposition in the wetland.
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Figure 5. Hourly values of dissolved oxygen at\tfiest Knox Pond outflow in 2002
(top) and 2003 (bottom) as collected by the Hydrel&ymbols are percent saturations
and lines are concentrations.



Nutrients

Phosphorus is frequently the nutrient that limiisnary productivity in
freshwater systems (Wetzel, 2001). As a resultnWheoncentrations are increased, the
result is more plant or algae growth. P concemnatigreater than 0.1 mg/L are
characteristic of eutrophic waters (Smith et 899). Total P and soluble reactive P
concentrations in the wetland outflow averaged g3 and 0.25 mg/L, respectively,
for both years (Figure 7), indicating the wetlas@utrophic. The two years were similar
in terms of concentrations and trends. The outftowcentrations are about an order of
magnitude greater than P concentrations in thedliRiver at 5-Mile Bridge or the West
Knox inflow (Figure 7). Blitzen River at 5-Mile Bige total P and soluble reactive P
concentrations averaged 0.064 mg/L and 0.024 mgéipectively for both years. West
Knox inflow total P and soluble reactive P concatins averaged 0.053 mg/L and
0.030 mg/L, respectively for both years.

Paired Dissolved Oxygen Measurements at West Knox Pond Inflow and Outflow 2002
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Figure 6. Concurrent measurements of dissolvedenxygncentrations in the inflow and
outflow of West Knox Pond in 2002, as measured trithHydrolabs.
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9), and West Knox Pond inflow (Sta 16) and outfi@te 17), for 2002 and 2003
combined. Note the log scale of the vertical axis.

The trend in P concentrations in the wetland igedgiht from the river and inflow
too (Figure 8). Phosphorus concentrations in betiryincreased in June, peaked in July,
and then decreased slowly until the beginning et&eaber. Average total P
concentrations increased from about 0.20 mg/L inlAp > 0.90 mg/L in July.
Phosphorus concentrations in the river and infloamged no seasonal trends. Crane
Pond, another permanently flooded wetland, showsesirailar increase in P
concentrations mid-season.

An average of 58% of the total P in the inflow &Yd%6 of the total P in the
wetland outflow was in soluble reactive form. Thighe dissolved form of P, as opposed
to the solid form. The fraction of soluble reactRéended to increase mid-season too so
that at the highest concentrations, the fractiosoddible reactive P was greatest. The
large fraction of total P in dissolved form may Bamplications for the chemical
behavior and retention of P in the wetland (seed@@p05). Soluble reactive P is
believed to be immediately bioavailable to plamtd algae. It will sorb or precipitate
with Fe, Al, and Ca forms under certain conditidhsvill remain in solution rather than
settling out like particulate P.
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Figure 8. Season trends in total P concentratioigést Knox Pond inflow and outflow
in 2002 (top) and 2003 (bottom). Note the log scélide vertical axis.

Total N concentrations in the wetland outflow walgo higher than the Blitzen at
5-Mile Bridge or the West Knox inflow. Concentrai®in the wetland outflow averaged
2.07 m/L for both years. Concentrations in theried inflow averaged 0.42 and 0.38
mg/L, respectively, for both years. Total N alsoregased from spring to summer in the
wetland outflow, similar to P concentrations. Nelsirend was evident in the river or
inflow. Most of the total N was in organic form nat than dissolved form. The average
organic N for both years was 89% and there wds irdriability in this fraction over the
season.

Dissolved N (nitrate plus ammonia) concentratimese more variable in the
wetland outflow. Ammonia concentrations increasedrd) the 2002 season from an
average of 0.046 mg/L early season to 0.310 mgd-season and 0.472 mg/L late
season. Ammonia concentrations were generally lawdrmore constant in 2003.
Average concentration were 0.114 mg/L early indgbason, 0.193 mg/L mid-season, and
0.075 mg/L late season. Nitrate concentrations wsually low and ranged from non-
detectable (<0.010 mg/L) to about 0.1 mg/L in bgghrs.
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Nutrient loads

Mass balance calculations showed that the wethaagda source of P and N
during 2002. Outflow loads of total P and total deeded inflow loads by <300% and
60%, respectively. To some extent, this was dwerdease of water from storage over
the season. Water levels declined over the irogaseason and this served as a source for
some of the exported P and N. In 2003, becaudeedireatly reduced outflow from West
Knox Pond, the wetland retained P and N overalinguthe season. There was a release
of P and N during the period May 1 through June20®3, when there was outflow.
Again, some of the nutrient load in the outflow vdae to the release of water in storage.

We did not develop a water budget or nutrient letidgr the entire year. Based on
the data we did collect, it is not possible to sdnether the wetlands are acting to retain
or release nutrients overall. They do appear ta beurce of nutrients when outflow
occurs during the irrigation season. The exporetention of nutrients from the wetland
is as much as function of water management aitéeemical or biological processes.
When no water is released, the wetlands act te swotrients. When water is released
from storage, the wetlands export nutrients, trentjty depending in part on how much
water is released. Mid- or late-season outflow$ iwlease more nutrients because of
higher concentrations at this time of year. It seémat nutrient concentrations in
permanent wetlands at Malheur NWR increase ovesuhamer, based on observations
in West Knox Pond and Crane Pond.

Wetland outflow to the river could potentially prde a significant source of
nutrients, especially P, to the river system, aaeging primary productivity and further
degrading water quality in an already stressecdegysthere is evidence that the river
system becomes progressively enriched in P as#gsathrough the refuge and this may
be in part related to wetland outflows. Median @nications of total P increase from
0.30 mg/L at the Page Springs Dam to 0.11 mg/LoahSuse Dam, almost a fourfold
increase. This indicates that the system becomes eutrophic downstream. Total N
increases downstream as well, but only about daihlelénitial upstream concentrations.
The increase in P concentrations is greater relatithe increase in N concentrations
downstream. The median total N:total P molar radiesrease from 26 at Page Springs
Dam to 12 at Grain Camp Dam and Sodhouse Dam.eAnitial P concentrations and N:
P molar ratios characteristic of water first emtgrihe refuge, it is likely that P is limiting
primary productivity (Wetzel, 2001). However, as thtal P concentration increase and
the N:P ratios decrease, P is less likely to béihgndownstream.
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Management Strategies for Addressing Water Quality | ssues at
Malheur National Wildlife Refuge
Richard Roy, Tim Mayer
U.S. Fish and Wildlife Service

INTRODUCTION

The purpose of this report is to summarize theegdrwater quality issues at
Malheur NWR, based on the findings from the presiceports, and discuss management
strategies to address those issues.

General Findings:

Based on the results from this study, high watexperatures and low dissolved
oxygen concentrations appear to be the most dntiager quality issues of
concern on the refuge. Water temperatures exceestdte standard even before
the Blitzen flows onto the refuge and increase wittance downstream on the
refuge. The most rapid increase occurs in the Sisiile reach on the refuge.

Low dissolved oxygen concentrations are below sttedards at downstream
sites during the summer baseflow period. Irrigadod wetland return flows are
contributing low DO- and higher BOD-waters to theer and may be responsible
for some of the low concentrations further dowrestieBut warmer temperatures
downstream also undoubtedly contribute to the D@eaheses. Both high water
temperatures and low dissolved oxygen concentraioa detrimental to redband
trout. Management practices that improve water tratpre will also help
improve dissolved oxygen.

Other issues of concern are conductivity, turbidityl suspended sediment, total
P, and total N. All of these parameters increasthemefuge with distance
downstream. Despite the fact that nutrient conegiotrs increase downstream,
there does not seem to be much of a problem witloighication and planktonic
algae in the river. Concentrations of chlorophydira very low throughout the
river. This may be because of limited P availailtased on P concentrations
and N:P ratios in the river.

Irrigation and wetland return flows are responsiblesome of the observed water
quality problems but certainly not all of them. Timaing of conductivity
increases downstream on the river seems to implieaitirn flows as sources of
higher conductivity water. Return flows are als@iitated as a potential source
of nutrients to the river. Concentrations of tdfattotal P, and BOD are higher
and DO concentrations are lower in return flows.



WATER QUALITY MANAGEMENT

Proposed solutions to address water quality impaitrand implications to
Refuge management focus mainly on temperature iasdlded oxygen.

The proposed interim solution to restore impairedewquality (temperature,
turbidity and dissolved oxygen) in the Blitzen Rivom Refuge-related management is
based upon the concept of “protecting and restdeoglogical function as opposed to
attempting to meet numerical standards. Finatesjias to address water quality
impairment will be developed as part of Total MauimDaily Load (TMDL) for
pollutants that are discharged to the Blitzen RiV@&DL studies are conducted on
“waters of the United States” that have been idiedtias having impaired water quality
as a result of anthropogenic actions. The TMDL tdlconducted by the Oregon
Department of Environmental Quality (DEQ) some timéhe future. Recent TMDLsS
conducted or are presently being conducted by DESputheast Oregon focus on
addressing ecosystem function to address wateityjuapairment.

The Oregon Department of Agriculture (ODA) methoddddressing water
quality impairment in the state is also based ypatecting and restoring function. In
fact, the strategy to address water quality impamtirom agriculture-related activities
on private and State of Oregon administered lamd$arney County is based upon this
concept and the implementation of Best Manageigattices (BMPs) as opposed to
immediate and strict enforcement of numerical saatisl by ODA and/or DEQ.

Therefore, the approach that Malheur NWR will talk@ddress water quality
impairment related to its management will followtsurhe Malheur NWR approach to
address water quality will mirror that identifiedthe Greater Harney Basin Agricultural
Water Quality Management Plan (GHBAWQP 2006) amdAlvord TMDL (DEQ).

The GHBAWQP and Alvord TMDL identify four areasaddress to protect/improve
water quality in their respective drainages. Tasy 1) Rangeland/upland health; 2)
riparian vegetation; 3) stream morphology; ande@ydplain connectivity. Malheur
NWR has little rangeland/upland habitats within ¢teafines of the refuge. The majority
of those habitat types that surround Malheur NW&Raaministered by the Bureau of
Land Management or are in private ownership. TeeeMalheur NWR will focus

upon three of the four areas identified.

1) Protect existing riparian shrub/tree communitied/anre-establish riparian
tree/shrub communities;

2) Conduct in-stream projects to improve stream chiamogphology; and

3) Where feasible, re-establish floodplain connedtitay aggrading the stream
channel and/or removing dikes.



In addition, modeling data suggests that increalsagg-flows during the warmest
periods (July/August) will also lower temperatuireshe Blitzen River. Therefore, on or
around July 1, Malheur NWR would reduce the amount of wateiveds and increase
“base-flow” in the Blitzen River by 25CFS. This nagement action would most rapidly
address water temperature and possibly dissolvegeoxand turbidity impairment to the
river. However, the Refuge’s ability to maintaonse wetlands into late summer will be
reduced.

IMPLICATIONS TO REFUGE MANAGEMENT

The implications to existing Refuge managementailyes in the Blitzen Valley,
although not quantifiable at this time, may be sigant. However, those changes will
not run counter to Refuge purpose (“as a feedingbaeeding ground for migratory birds
and other wildlife.”) The impact will be to thertent goal of maximizing the total
number of acres irrigated each irrigation seasahnaigratory bird (e.g., sandhill crane
and waterfowl) production objectives. The histdriwatland management strategy of the
Refuge has not considered water availability (seqw pack and predicted run off),
water quality of the Blitzen River nor aquatic angans dependant upon the Blitzen
River. The Blitzen Valley portion of the Refuge Mtill provide significant high quality
habitat for a wide variety migrating and breedinignaitory bird species and other
wildlife. However, the total number of acres oftl@ad habitat that are irrigated into late
summer may vary significantly from year to year,renso than present. There will likely
be more emphasis placed on managing seasonal déiddmtat than semi-
permanent/permanent emergent marsh habitat, dE=woae to as “brood-rearing”
wetlands.

As a result of the changes in irrigation, cessatioror around July 1 vs July 25
(based on stream flow and temperature), therebeithanges to the existing
haying/grazing program. Haying of meadows will ché@ occur approximately three
weeks to one month earlier than present (July 1Augs10) to ensure that forage that is
harvested remains of sufficient quality to attdactl ranchers. If the forage is not of
sufficient quality, there would be little reasom focal ranchers to harvest the forage.
Without the involvement of local ranchers Refugdlared and meadow management
would be severely affected. Changing of the hagslaould also affect permittees
because they would need to adjust their operatespecially haying of private lands
which typically commences in early July. This tygfechange in management would
have to be gradually implemented.

There will be more mimicking of natural ripariandamparian wetland habitat
function than present. The total length of ripatieee/shrub communities along the
length of Blitzen River, tributaries, drains, etidlwicrease considerably from what exists
presently to address the lack of shading of therri\Riparian communities along the
Blitzen River are on an upward trend. However,tiggority of the approximately 40
miles of the Blitzen River is in poor conditionhdre will need to be more flexibility in
management of habitats and more variability inttnegt methods and timing.



As a result of these management changes therbevihifting plant communities,
some emergent marsh habitats that have formed anlowe habitats will dry out and
become dominated by grasses, forbs and smallerangkedge species. There should be
an increase in the total number of acres of moidtdry meadow and a decrease in wet
meadow and emergent (cattail, bulrush & reed cageaays) dominated habitats. How
invasive plant species (i.e.,perennial pepper w€adada thistle will respond) is
unknown. It is suspected that in some areas, ihgasive species may spread.

CONCLUSIONS

The bottom line is that current management paradigtine Blitzen Valley will
change by necessity. To comply with water quaigndards and to provide acceptable
aguatic habitat the Refuge will be required to gjeaits present water/habitat
management strategies. To what extent exactlgkaawn. However, the Refuge can
begin almost immediately to address water quatiyairment by implementing some
best management practices (BMPs). Some of thedesBitlude:

1) Strictly “enforce” our existing voluntary bypasswis at all dams (15-20CFS) and
ensure that bypass flows that are part of theeseétht agreement are adhered to.

2) Begin to aggressively conduct riparian vegetati@storation” along the Blitzen
River and its tributaries. This includes re-shgpamd/or removing dikes to allow
better tree/shrub establishment and floodplain eotivity.

3) Conduct in-stream projects to reactivate floodgamthe Blitzen Valley (e.g., P-
Ranch restoration project, Bridge Creek restorawoposed Dunn Dam
replacement). These types of projects will alscoenage natural riparian
tree/shrub establishment and increase survivalamited stock.



Figure 1: Schematic diagram of the Blitzen Valley
including current and proposed gaging stations.
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