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Abstract

Water temperature profoundly affects the healtfredhwater ecosystems and is an increasing
water quality concern in the Pacific Northwest, veh@arm stream temperatures can threaten the
survival and growth of already endangered salmepéties. Agricultural drainage ditches exist
to improve drainage off fields but are also use@bgangered salmon. Maintenance of these
waterways is regulated by the Washington Departrokhish and Wildlife because it may affect
fish survival and habitat, but the impacts arewell studied. This study examines the effect of
maintenance (dredging sediment and reed canarg tiras planting a buffer of native riparian
plants) on water temperature in 9 drainage dittle¢ween July and early October 2011. Weekly
and continuous water temperature measurementsooeeted in the Snoqualmie Agricultural
Production Districts in Washington and were analyloe the 7-day average of the daily
maximum temperature, water temperature sensitigigir temperature, and heating from
upstream to downstream. Vegetation above and witi@nwaterway was measured to examine
canopy effects on water temperature and reed cagmasg presence. Maintenance appears to
have the greatest influence on water temperatungeihately after it is performed, likely
because maintenance removes all vegetative codezx@oses waterways. Canopy coverage
over previously maintained ditches did not showlationship with maximum water
temperatures, but it did appear to reduce reedrgamass presence. The primary source of the
water (valley wall-based seep, shallow groundwiatterception, oxbow lake, or surface
tributary) appears to have a significant influenoewvater temperatures for these agricultural

drainage ditches, perhaps more so than maintersantivéies over time.
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1. Introduction

Water temperature profoundly affects the healtireshwater ecosystems and is of increasing
water quality concern in the Pacific Northwest, veh@arm stream temperatures can threaten the
lives and growth of already endangered salmonidiepeWild salmon species have declined in
the Pacific Northwest due to a variety of factorduding dam construction, altered hydrology
and temperature regimes, increased land developemenirbanization within salmon habitat,

and ocean and climatic factors (Richter and Kol@@®35). Three salmonid species in the Puget
Sound regionPncorhynchus tshawytscha (chinook),Oncor hynchus kisutch (coho), and
Oncorhynchus mykiss (steelhead), are currently listed for protectiodemhe Endangered

Species Act.

Waterways within the Snoqualmie River valley semany purposes, from potential salmon
habitat to improved drainage from farms that predcops for Seattle-area residents. River and
tributary temperatures in the Snoqualmie River v&ed have exceeded Washington State
standards for core summer salmonid habitat, salihgpawning, rearing and migration, and char
spawning and rearing at various locations sincel 199rjcek et al. 2011). The Washington State
Department of Ecology water quality improvementargguggests four primary ways to

maintain or decrease water temperatures or temperaotal Maximum Daily Load (TMDL) in
the Snoqualmie River: 1) control wastewater treatnpéant discharges, 2) improve riparian
shading, 3) control water being withdrawn from slystem, and 4) improve instream habitat.
The Department of Ecology determined that increagedian shading along the main stem and

tributaries is a priority in reducing water temgara.



1.1Fish and agriculture in the Snoqualmie River vaflegdplain

The Snoqualmie River lowland floodplain and trilyiga are of specific importance to salmon
habitat because Snoqualmie Falls, located justegust of the town of Snoqualmie, is a natural
barrier to fish passage. Thus, the tributariesvo¢he waterfall are used by both resident and
anadromous salmon species for not only rearin@lsotspawning where the habitat is suitable
(Collins and Sheikh 2002T.he anadromous salmonid species known to use thgu@imie

River include the endangered chinook, coho, arellstad, in addition t®ncorhynchus keta
(chum),Oncor hynchus gorbuscha (pink), andOncorhynchus clarkii clarkia (coastal cutthroat
trout). Other species known to use the river below Snogeafalls includeOncorhynchus

mykiss (rainbow trout) Oncorhynchus clarkia (cutthroat trout), anérosopium williamsoni
(mountain whitefish) (Collins and Sheikh 2002). Maron-profit organizations and public
agencies in the Pacific Northwest work to restabitat for these salmonid species, which are
culturally and ecologically important. King Courggtablished long-term recovery goals for
Chinook salmon in each of its four Watershed Resoinventory Areas (WRIAS), which
includes the Snoqualmie River watershed. Recove®L0 was only at 7% of the 2055-targeted

goal (Gelb 2009).

US Army Corps of Engineers field reports indicatattin 1870 the Snoqualmie River valley was
undeveloped consisting of 4500 ha (11,120 acrefipadplain forest and 2000 ha (4,942 acres)
of wetlands. In the early 1900s, landowners duches in wetlands and modified and
straightened tributaries of the Snoqualmie Rivedrean lands and render them suitable for
farming. By 1990, agriculture dominated (77%) tlwddplain with only 15% still in wetlands

and the remainder in rural development (Collinale2003).



Much of the land adjacent to the i stem of the Snoqualmie River frdrall City to the

northern border of King Counig currentlyzoned for agriculture by King County, and is diwc

into the South and North Snoqualmie Agricultural ProdurcDistricts (APDs)(Figure ?).

Figure 1 Hydrolgla and topographlc map of tIneagerSettIe aeov&ing t'heSnoqua
River that drains north through the Snoqualmie égtural Production Disicts (APDs). Browr
dotted lines brder APDs, which are divided Carnation (King County iMap 201.

The Snoqualmie APDs tot&l892 ha (14,560 acr¢, and the primary land uses i
livestock/forage (33%),ther (13%), forest/upland (12', and market crops (11%In 2009, the
market crop acreage in the Snoqualmie APDs was tharehalf of all market crop acreage

all King County APDs (King County 200<These cropare major contributors tthe 39 farmers
markets in the Seattle area,ialihhadsales between $20 and $30 millior200¢ (King County
2010).Farms in King County are relatively sn-scale, with the average farm size11.3 ha (28

acres) in 2007 (King Coun8009).Many landowners maintain amdnstruct ditcheto help

drainfields to increase productiv on these small acreages.
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1.2 Efforts to serve the needs of both fish and agucal

Local agencies and organizations including King i@g@and the King Conservation District are
trying to find ways to encourage farmers to inceedgarian shading along their drainage ditches
in ways that meet the needs of both fish and fasnrethe Snoqualmie River valley. From 1998
until 2010, King County Water and Land Resourceadion supported farmers by performing
technical assessments, paying for permits, andgibbut paperwork for waterway maintenance
through the Agricultural Drainage Assistance Prag(ADAP). Prior to ADAP, landowners
needed to obtain multiple permits from differenéages to maintain their waterways to ensure
that agricultural ditch construction and maintereawas performed in a manner that did not
degrade water quality and salmon habitat. Nowgntilowners develop a farm plan with the King
Conservation District that includes planting natiyErian vegetation after dredging sediment
and removing reed canary grass (“maintenance”y, ¢inéy need to obtain a single Hydraulic
Project Approval (HPA) permit, signed by the Di@obf the Washington State Department of
Fish and Wildlife (WDFW). Even with assistance frét@AP, drainage ditch maintenance can
be costly and time consuming. Costs range fromrat@1,000 to $44,000 per 305 to 914 meters
(1,000 to 3,000 feet) of ditch, which includes @epg the ditch for dredging, dredging,
mitigation planting, and plants (Sleight 2012 peeaommunication). HPA permits require a
minimum of one and a half months to process onbensited, reducing landowners’ flexibility

to perform maintenance (Benedict 2012 personal coniration).

King County ADAP would like to transfer primary pEmsibility for maintenance to private

landowners due to budget and time limitations. Thenty partnered with agricultural

landowners, WDFW, the Department of Ecology, thenxFBureau, the Tulalip and Snoqualmie
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tribes, the King Conservation District, and otharties through the ADAP Committee to
determine a way to transfer responsibility to lamders while still addressing water quality

concerns. ADAP is working to streamline the proeess obtaining permits for landowners.

As a part of the streamlining efforts, King Countgssified every waterway in its Agricultural
Production Districts by its degree of modificati@atificial, modified, natural) and probability of
salmonid presence (low, medium, high) (Lucchett BEiiggins 2010). Best management
practices for riparian planting after ditch mairdeoe are based on how waterways are classified
under this system, with the intent to direct mdferés towards natural streams with high salmon
presence. For example, waterways with the highrestgbility of salmon use have the widest

recommended riparian buffers, at 3-4 rows of plantgither side of the bank (Benedict 2012).

The King Conservation District, Washington State&tment of Ecology, and King County
have invested multiple years and funds into watedity monitoring of agricultural drainage
ditches. A recent project between the King Cong@nraistrict and Washington State
University (WSU) Extension provided data on theeef§ of shade and buffer widths on ditches
in Whatcom County (Benedict and Shaw 2012). In 2&2AP and WSU Extension partnered
to write the “Manual of Best Management Practia@dMaintenance of Agricultural Waterways
in King County.” This manual describes the best aggment practices that were developed in
consultation with WDFW, Department of Ecology, dadg County’s Department of
Development and Environmental Services, farmemsgkionservation District, tribes, and other
groups. The best management practices range frahoaseto block fish from a ditch during

construction, to control erosion, and to re-vegetatwvaterway. The recommended best

12



management practices may be updated as furtherobsgrovides insights on their effectiveness

at achieving water quality goals.

1.3 Objective and Research Questions

This study, in partnership with the King ConsereatDistrict, aims to provide insight regarding
the effects of agricultural drainage ditch mainteseon stream water temperature over time.
Although the King Conservation District has mongmwater quality in agricultural ditches for a
few years, the effects of maintenance on water égatpre have not been scientifically analyzed.
This research provides scientific insight into hoaintenance influences water quality, and how
effective the associated best management pradticesaintenance are at achieving water
guality goals. The King Conservation District maeuhis information to help inform or refine
best management practices and for communicatingftbets of maintenance to other agencies,
organizations, and landowners. Maintenance spadificefers to dredging sediment and reed
canary grass and then planting native riparian te¢ig@ along the banks of an agricultural

drainage ditch.

This study primarily addresses the following quasst

1) What is the influence of maintenance on the semiaday average of the daily maximum
temperatures?

2) What is the influence of maintenance on theisigitg of water temperature to air
temperature?

3) What is the influence of maintenance on howtdvaters heat up over a day?

4) How is canopy cover above the waterway relatagéd canary grass presence in the water?

13



2. Literature Review

2.1 Influences on water temperature in streams gouarce to mouth

Water temperature is a function of both heat antmalume; it is proportional to the amount
of heat energy divided by the water volume (Poolg Berman 2001). Heat exchange is
important both at the air-water interface, but asthe water-streambed interface, where
exchanges with groundwater inputs occur througlohygc exchange (Arrigoni et al. 2008,
Webb et al. 2008). There are many natural factmsihfluence stream water temperature and
seasonal and daily variations, including distamoenfthe source of the stream, type of source,
topographic shade, stream orientation, upland slgadiparian vegetation, precipitation, air
temperature, flow and discharge, wind speed, swigle, cloud cover, relative humidity,
groundwater temperature and hyporheic exchangeitéiny temperatures and flow, and bankfull
width and depth (Caissie et al. 1998, Poole andnBar2001). Climate variables, morphological
characteristics of the stream, exchange with graaiter sources, and riparian shading tend to be
the most influential. However, human managemeistreams can also influence stream
temperature and temperature variations by altehadeat budget of a stream through heat

fluxes and water volume (Poole and Berman 2001).

As streams flow from the headwaters to the moetinperatures transition from being driven by
the source to being driven by air temperaturesr(Borand Larson 2003, Moore et al. 2005).
Water originating from springs tends to have re&si constant temperatures, which become
more variable downstream as they are influenceaothgr inputs of water and meteorological
factors (Sand-Jensen and Pedersen 2005). Meanndsiy temperature tends to increase

downstream, and tends to increase more in smallloghstreams than in large rivers. Variation

14



between daily minimums and maximums also tendsdaease downstream, with the most
variation occurring in wide and shallow waterwalyattare less dominated by groundwater and
most exposed to meteorological conditions. Howeagirjvers gain more depth and volume

downstream, temperature variation tends to decr@zasssie et al. 1998).

2.2. Water temperature in small floodplain streams

Temperature in small floodplain streams tends tmbest influenced by solar radiation when
there is no riparian canopy, and tends to haveoagtelationship with air temperature (Blann et
al. 2002, Caissie et al. 1998, Mohseni et al. 200&rill et al. 2005, Sand-Jensen and Pedersen
2005, Sahoo et al. 2009). Thus, stream water teatyrerregression models often rely on air
temperature to predict water temperature (Blaral. 2002, Caissie et al. 1998, Mohensi et al.
2002, Morrill et al. 2005, Sahoo et al. 2009). S$ipeadly, daily maximum water temperature has
been found to have a strong relationship with daigximum air temperature (Chenard and
Caissie 2008, Sahoo et al. 2009). Additionally,llowd streams that are wider and shallower are
influenced more by solar radiation and heat exchamwith the air than are deeper and narrower
waterways (Blann et al. 2002, Poole and Berman R@i&charge can be a predictor of water
temperature as well, especially for streams with diischarge. Using linear regression models,
Neumann et al. (2003) and Moore et al. (2005) failmedmost significant predictors of daily
maximum stream temperatures to be maximum dailieaiperature and average daily
discharge. Finally, over the course of a day, wedgs with lower flows warm more rapidly than

those with higher flows (Neumann et al. 2003).
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2.3 Effects of canopy cover on water temperatuemall floodplain waterways

Many researchers have explored the effects ofealteanopy cover due to logging activities on
water temperature in mountainous streams in th#i®alorthwest, as much of the available
spawning and rearing habitat for salmon is in maimatus areas (Janisch et al. 2012, Pollock et
al. 2009, Poole and Berman 2001). There is lessmpe@wed literature on the effects of

riparian shading on small floodplain streams inRaeific Northwest.

In general, canopy cover over waterways modifiégrgadiation reaching the water and affects
other meteorological factors that may influenceenéémperature, such as air temperature.
Riparian shade over a waterway has been showrcteate daily water temperature maximums,
increase daily minimums, decrease daily meansyeshace variation between maximums and
means during the summer (Malcolm et al. 2008, Mebi@. 2005, Sand-Jensen and Pedersen

2005).

The effect of riparian shading on water temperatings been shown to be greatest during
summer months, and on waterways with higher widépth ratios (Blann et al. 2002, Malcolm
et al. 2008). In a study of agricultural streamsautheastern Minnesota, Blann et al. (2002)
found water temperature means and maximums were gamisitive to the width: depth ratio
than to percent shade, when discharge was condtimtever, at higher width: depth ratios,
shade was more effective at moderating water temtyoes. Thus, lowland waterways that have
higher width: depth ratios may have higher maxintamperatures, but they also may be more

responsive to riparian shading, holding all elsestant.
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2.4 Influence of canopy cover on reed canary gifdisalaris arundinacea) survival in water
Invasive plants, especially reed canary grass, aomiyrine agricultural waterways in King
County, limiting growth of native riparian speciésthe past, reed canary grass was planted in
many areas to provide forage for farm animalscaltjin now it is considered a nuisance and has
displaced native wetland species with widespreadsions found in many regions including the
northwestern US (Perry et al. 2004, WSU 2011). Reetry grass thrives along unshaded
ditches. Reed canary grass does not grow well tsndense canopy cover, and has lower above-
and below-ground biomass in densely vegetated &r@atig-Cisneros and Zedl@002, Maurer
and Zedle2002, Morrison and Molofsky 1998). Under 65% canopyer, reed canary grass can
still survive at optimal levels, but 85% canopy eofor at least 28 days can decrease its above
ground biomass by 97% (Maurer and Ze@@02). Similarly, another study found that reed
canary grass biomass is most decreased under pyceower greater than 80% (Morrison and
Molofsky 1998). In terms of germination, reed cangirass has high rates under white light
(81.5%) but does not germinate well under far-rghtl(15.8%), which is the type of light
prevalent in dense canopies (Lindig-Cisneros ardle£2002). Thus, both reed canary grass

biomass and germination are decreased under fublpies.
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3. Methods

3.1 Study Sites and Experimental Design

Water temperature and other water quality measurenweere studied in the Ames Creek area in
the North Snoqualmie APD, in one ditch near Du\aaligd another in the South Snoqualmie APD

(Figures 2, 3, and 4).

Figure 2: Ames creek study area in the SnoqualngigcAltural Production District shows
sampled ditch reaches (red) and unsampled waterflbhye) with arrows indicating flow
direction. Ditches include RM1, RM2, PM3, NM2, aN13. Black dots indicate sites sampled
in 2011 during this study, red dots indicate ss#aspled in 2010 by King County and the King
Conservation District. Dotted black lines indicdtieh reaches that were maintained in 2010.
Map is modified from a map of 2010 monitoring laoas (Richter et al. 2010).

18



Flgure 3: Study site on HerbCo International faRM() in theNorth Snoqualmle Agriculture
Production District shows saoted ditch reach (red) and remaining waterwayse(lith an
arrow indicating flow direction towards the Snoqua River (King County iMap 201:

24021

Flgure 4: Study S|te on FuIIC|rcIe farm (PM2) ITeSouthSnoquaImle Agricultural Productic
District shows sampled ditch reach (red) and remaining watgsviblue) with an arro
indicating flow direction towards the Snoqualmie/&i(King County iMap 201%

The main stem of the Snoqualmie River runs thrabhgse APDs (Figure 1). The Ames Crt

area historically was a scridhwub wetland and was completely cleared for afjuceiby 193€

19



(Collins and Sheikh 2002). The “lake fed” ditcheghis study are fed by Sikes Lake, an oxbow

lake (Figure 2) (Collins and Sheikh 2002).

Every ditch monitored is classified as having atiiprobability of salmonid use, and
“modified” from its natural meander by King Courdyproposed waterway classification
(Appendix 1), except for RM2, which is classifiesl“eow modified.” “High” means the
waterway is either known to have high salmon usarénthan or equal to 0.2 salmonids per
linear foot), or the characteristics of the watgnaee suitable for salmon use, as compared to
“moderate” and “low.” “Modified” is defined as “higrically natural waterways that have been
diverted, dredged, straightened, or diked,” as @maxbto the “natural” and “artificial”

waterways (Lucchetti and Higgins 2010).

Table 1 provides information on the ditches sampidtiis study. To assess effects of

maintenance over time, ditches are organized hreetcategories:

1) Recently Maintained (RM), which have no vegetatover and were dredged in September

2010 and planted in March 2011 (n=2)

2) Previously Maintained (PM), which have a develgmative species riparian canopy and

were maintained five or more years ago (n=3), and

3) Not Maintained (NM), which are surrounded byad canary grass monoculture and have no

recorded maintenance (n=3)

20



Table 1: General information on ditches sampleithig study (King County 2011).
Primary Approximate  Catchment Praobability of

sour ce of reach length size (hectares) salmonid use
water sampled (m)

RM1 Valley wall- 2010 560 No record, but high
based seepage no upstream
(suspected) catchment

RM2 Sikes Lake 2010 210 No record high

PM1 Surface Late 1990s & 150 182 high
tributary understory

planting in
2007

PM2 Shallow 2003 200 No record low
groundwater
interception

PM3 Surface 2006 220 No record high
tributary
(suspected)

NM 1 Surface n/a 180 282 high
tributary

NM 2 Surface n/a 690 330+ high
tributary

NM 3 Sikes Lake n/a 180 No record high

Water quality data were collected between Juf{y 47d October 1) 2011 at upstream and
downstream sites for eight agricultural drainagehdis and one road ditch. Vegetation data were
collected at four random points along each ditdte Gipstream and downstream sampling
locations were along straight reaches, at leastiéit@rs in from the end of a property line or turn
in the ditch. As this research was conducted ormpgiland, landowners had to volunteer their
ditches to be studied. The King Conservation Disttontacted landowners, and most
landowners were willing to participate in the stud\l ditches monitored for water temperature
were adjacent to organic fruit and vegetable anfttdarer fields, with the exception of the Not

Maintained 1 ditch, which is on fallow land domiedtby reed canary grass.
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3.2Field Methods

Although temperature is the focus of this repaitjinonal parameters such as dissolved oxygen,
conductivity, discharge, suspended sediment, amavdited width to water depth ratio were
measured in this study and are reported in the Aghpes (4, 5, 6, 7, 10, 11). All water quality
parameters were sampled at upstream and downspr@ats along each ditch, and methods are

described below.

3.2.1 Water and air sampling

Instantaneous temperature, dissolved oxygen, digehand suspended sediment measurements
were taken approximately once a week. Temperanaalssolved oxygen were measured with
aYS Model 85: Handheld Oxygen, Conductivity, Salinity, and Temperature System (YS Model

85), which was calibrated for dissolved oxygen on lfly2011 and August 22, 2011 using the
Winkler titration method with a LaMotte Direct Reag Titrator test kit. Each measurement was
taken between 8-13 cm below the surface of theniatde center of the waterway, with the
probe facing upstream. Discharge was measuredaitér sh-McBirney velocity meter,

although the float method was also used for a f@ssarements on July 17th. Depth was
measured from the top of the sediment to the serd@the water. Suspended sediment was
measured by collecting a 250 ml water sample frloencenter of each ditch measurement point
2.54 cm below the surface. The suspended sediragmiles were placed in aluminum trays
weighed then dried in an oven at 05until evaporated, and then reweighed for grams of

suspended solids. Floating sticks and macrophyg&ee not included in these measurements.
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Two Hobo® data loggers were deployed at eachaikeelp control for variation among
individual monitoring devices and battery failuféne devices were attached via zip ties to
bricks, and placed in the center of the waterwatheyg would not become covered in sediment
or float away. The bricks were connected to fisHing or cords and attached to a flagged
wooden stake along the bank of the ditch, to hedwgnt losses and to easily locate the devices.
Every 30 minutes Hobo Pendant® or TidbiT® v2 Watemperature Data Loggers recorded
water temperature. Measurements were downloadedteuked on August 2using Onset

Hoboware Data Logger software to ensure devices weerating correctly.

Instantaneous air temperature was measured ap@atetinonce a week at each site with Y&
Model 85 by holding the probe 1 meter above the groundcadifato the waterway, facing the

ground.

In 2010, the King Conservation District deployeddd® data loggers to collect instantaneous
water temperature every 15 minutes. Maximum dadyewntemperature measurements were
calculated from these data to compare 2010 and 2@kimum temperatures for the same sites.

A day is defined as midnight to midnight (PDT) ttaily temperature in this study.

Daily maximum air temperature for summer month2@f0 and 2011 were downloaded from

the National Weather Service Seattle-Tacoma Intemma Airport location (SeaTac) for use in

the analysis (National Weather Service 2013).
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3.2.2 Vegetation Transects

Vegetation was measured along and within the watgsvand adjacent riparian buffers once for
each ditch between June and September, 2011. Wihthiwaterway, percent canopy cover was
recorded, as well aged canary grass and other green vegetation onaderthe surface of the
water. Within the buffers, ground cover and canopyer percentages were estimated, and

species diversity was recorded.

Each ditch was divided into four blocks, and logasi within each block were randomly
assigned for vegetation transects. At each randeatibn a transect was performed
perpendicular to the waterway, which covered vegetavithin the waterway and generally
covered the entire vegetative buffer (6.85 metarsither side of the waterway). Every
vegetation species covering 5% or more of approteim@ach meter (0.9 meters) along the
transect was recorded for its percent cover andisp@ame. For example, one “ground cover”
meter might be recorded as: reed canary grass RBas laciniatus (evergreen blackberry)
10%, bare ground (15%), aRtbsa nutkana (nootka rose) 5%. The plants categorized as canopy
cover includesalix sitchensis (sitka willow), Salix lasiandra (pacific willow), Sambucus

racemosa (elderberry), andCornus sericea (red osier dogwood). Reed canary grass and
evergreen blackberry were categorized as groundrapecies. All species recorded for each

ditch are reported in Appendix 2.

Canopy cover was ocularly estimated by percentaddteen divided into three categories:

“low” (0-40% amount of estimated canopy cover), tnan” (40-80%), and “high” (80-100%).

Photo samples of each maintenance category arenshdwgures 5-7.
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Figure 6: aple photos of not maintained ditcthN#d X left NM3 right). The photos face
directly up the waterways, which are obscured leyl eanary grass.

Figure 7: Sample photos of previously maintaingdhgis (PM2 left, PM3 right)
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3.3 Data Analysis

3.3.1 7-Day Running Average of the Daily Maximum TemparatCalculations

Daily maximum water temperatures were calculatethfthe continuous temperature
measurements to derive the 7-day running averagfeeafaily maximum temperatures (7-
DADMax) using Microsoft Excel. The temperature stards for salmonid species are set as the
7-DADMax by the Department of Ecology as authoribgdhe US Environmental Protection
Agency (EPA) under Section 510 of the Clean Watgr Ahe 7-DADMax is calculated by
taking the average of the day’'s maximum temperatncethe daily maximum temperature 3
days before and 3 days after. This value is use@ti@rmining a stream’s habitability for fish, as
it is assumed that fish can move and adjust tocelighh temperatures on a single day, but have
greater threats to spawning, rearing, and migratiben high maximum temperatures persist for
a week. Data for these calculations are taken ffomnstream sampling points for all ditches

except NM2 due to battery failure of downstreanmadaggers on August 24.

3.3.2 Statistical Analysis

Simple linear regressions were used to examineehesitivity of water temperature to air
temperature using SPSS Statistics (SPSS). Theansitwity is the slope of the relationship
between water and air temperature, and can helpastand predict how sensitive stream water
temperatures are to changing and warming air teatyes (Kelleher et al. 2012). Significance

is assumed for all tests when p<=0.05.

Simple linear regressions of the daily maximum wegmperature (dependent) and the daily

maximum SeaTac air temperature (independent) wafermed using SPSS. For each
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regression model, the residuals were graphed tckdioe problems with heteroskedasticity. A
multiple linear regression was performed with insa@eous water temperature as the dependent
variable, and instantaneous air temperature, itest@ous discharge, instantaneous wetted width,
dummy variables for each type of maintenance (rfte@eavious, not) and dummy variables for
each primary source of water (shallow groundwattarception, valley wall-based seep, surface
tributary, lake) as the independent variables. SR&Sused to check for problems with

multicollinearity and heteroskedasticity.

A two-sided test of the difference between two pafon regression coefficients was performed
for the recently maintained and not maintained-fgdeditches in 2011 (Zar 2009). A two-sided
t-test was performed on the conductivities for I with different sources of water. A two-
sided t-test was performed on the 7-DADMax tempeest for PM1, PM2, and PM3. A two-
sided t-test was performed on the air temperafiore3010 and 2011 for the seven days after

maintenance.

3.3.3 Hysteresis curves

Water temperatures for upstream sampling pointg \katted against water temperatures for the
downstream sampling points, for water temperatugasurements taken every 30 minutes over
the course of 24 hours. July"™3@as a date chosen using a random number tabj@tiee

sample patterns of warming and cooling over thesmof a day for each ditch.
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4. Results

4.1 Influence of maintenance on summer 7-DADMaxewtgmperatures

Water 7-DADMax temperatures in both of the recentbintained ditches are more variable and
higher than all other ditches except the not maiethlake ditch (Figure 8). The previously
maintained groundwater-fed ditch (PM2) has the estanedian 7-DADMax temperatures.
Interestingly, the recently maintained groundwatiesh (RM1) does not have similarly cool
temperatures, even though it is fed by groundwétewever, the sources of groundwater differ,
with RM1 originating from a valley wall-based seapd PM2 originating from a shallow
groundwater interception. Even before maintenan@91L0, RM1 had warmer temperatures than
PM2. The 7-DADMax lake-fed ditch temperatures anglar before maintenance in 2010
(Appendix 3) and during the summer of 2011. Thenpry source of the ditch water is color

coded for the remaining figures.

The Department of Ecology regulatory limit for thighest 7-DADMax for core summer
salmonid habitat is £&, while the highest 7-DADMax for salmon spawniregring and
migration is 17.8C (Washington State Department of Ecology 2008% ERA reports that
lethal temperatures for juvenile salmon are a @ns23-26C at a 1-week exposure (EPA
2003). All four of the surface water-fed ditchesangtandards for summer habitat, spawning,
rearing, and migration for salmonid species. Tloemdy maintained and lake-fed not

maintained ditches exceed these standards.
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Figure 8: Box plot of the day running average of the daily maximum tempeeafor the
downstream sample pointsrecently maintained (RM), previously maintainé@M), and no
maintained ditches (NM)etween July -October 2, 2011. Primarily groundwe-fed ditches
are red, primarily lakéed ditches are dark blue, and primarily surfacé-fed ditches arpale
turquoise. Red lies indicate Ecology’s standar Box borders are the #&nd 7" percentiles,
interior line is the median, and whiskers are theimum and maximum values that are
statstically significant outliers. The small circleas outlier.

When canpy cover is compared with mimum water temperatures (Figuret®ere does not
appear to be a relationship betwwegetatiorand maximum water temperatt. For example,
for the ditches with canopy cover, PM2 has the esto-DADMax temperatures arlowest
canopy cover, followed by PM8hich has the most canopy cover, and then, which has the

warmest 7/DADMax temperatures and middle amount of canopyet.
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RM1 and RM2 were maintaindetween Septembel'&nd 2% 2010. 7DADMax water
temperatures were significantly higher immediasdtgr maintenance in 2010 compared to
same dates in 2011 for the recently maired ditches (Figure 10, Appendix. 8jowever, the -
DADMax of the surfacevater ditch temperatures between 20nd 2011 are not significant

different. Additionally, the ®Hay running average of the daily air temperatune&dil0 and 201

are dso not significantly differen
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Figure 10: Comparison of thed&y running average of the daily maximum tempeesstdior
three ditch water temperaturnegth air temperature from the SeaTac weather station
September 27to October ¥ in 2010 and 2011. Primarily groundwe-fed ditches are re«
primarily lakefed ditches are dark blue, primarily surface w-fed ditches are pale bl, and air
temperatures are whit&€he bottom red line indicates Ecology’s uppeiitiifor salmon rearing
the middle red line is the upper limit for salmgrawning, and the upr red line is the lowe
limit for lethal temperatures. Box borders the 25" and 7% percentiles, interior line is tf
median, and whiskers are the minimum and maximunoregahat are not statistically significe
outliers.Small circle is an outlieWater measurements are from downstream samplimgsp
except for RM1, where the 2010 and 2011 measurenagattaken from the upstream samp
point because 2010 downstream data loggers wereHowever, the RM1 upstream sampli
point is approximatel$00 meterdownstreanof recent maintenance (Figure

4.2 Influence of maintenance on the sensitivity of wéemperature to aiemperatur

The maximum air temperature coefficient, or slappresents the “sensitivity” of wat
temperature to air temperatuiide immediate influence of maintenance on wateptrature
can be examined by comparitige sensitivity of daily maximum water temperatuieesaily
maximumair temperatures directly after maintenance in .. Both before and afte

maintenace in 2010, water temperature has a statistisalyificant positive relationdp with

air temperature (Table 2mmediately after maintenancthe slope of this relationship increg,
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indicating thatfter maintenancwater temperature is more seivatto air temperature for bo
the lake-fed and groundwatfed ditche (Figure 11).

Table 2:Simple linear regression outputs of the sensitioftywater temperature to ¢
temperature before and after maintenance in z

Ditch Before or After Y -intercept Max air temp  Adjusted R?
M aintenance 2010 (standard error) coefficient

(standard
RM1 Before 8.34* (1.3) 0.39* (.05) 0.54 45
RM1 After 6.35* (2.9¢) 0.80* (.17) 0.49 23
RM2 Before 14.26*(1.09) 0.33* (.04) 0.58 45
RM2 After 6.78*(1.97) 0.61* (.11) 0.58 23

* Indicates statistical significance

Before Maintenanc After Maintenanc
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Figure 11 2010 Daily maximum air temperatures plotted asgfadiaily maximum wate
temperatures for RM2 and RMihmediatelybefore (July 23 to September 6, 2010)
immediatelyafter maintenance (September 24 to October 17,).
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In 2011, approximately one year after maintenatieerecently maintained ditches are more
sensitive to air temperature than all other ditara=ept for the not maintained lake-fed ditch
(NM3). In 2011 the ditches that show the greatessgivity to air temperatures are the same as
the ditches with the warmest 7-DADMax water tempees (Figures 8 and 12). Interestingly,
both lake-fed ditches, NM3 and RM2, do not havésteally different sensitivities to air
temperature. All surface water-fed ditches havelaimsensitivities to air temperature. The
valley wall-based seep recently maintained (RM1igidis the most sensitive to air temperature,
while the shallow groundwater interception-fed poegly maintained (PM2) ditch is the least
sensitive to the maximum air temperatures (Fig@rardd Table 3). Kelleher et al. (2012) also
found that small groundwater-fed stream watersddnd have lower sensitivities to air
temperature. None of the linear regression modedspgnoblems with heteroskedasticity; errors

appear to be randomly distributed for these models.

Water temperature is significantly related to amperature for all ditches in this study.
Additionally, instantaneous air temperatures wersmtl to have a positive relationship with
instantaneous water temperature (Appendix 12). Riphellinear regression analysis found that
instantaneous air temperature and the source avadker were the only significant predictors of

instantaneous ditch water temperature for thisys(agpendix 12).
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Figure 12: Thesensitivity of daily maximum water temperature sly maximum ait
temperature for all ditches beten July 25 and October 5, 2.

Table 3 Simple linear regression outputs of the sengytiof daily maximum water temperatt
to daily maximum air temperature for all ditche2011.
Ditch in 2011 Y -inter cept Max air temp Adjusted Degrees

(Primary Source)  (standard coefficient R? of

error) (CEQE freedom
error)
RM1 (Ground) 4.94* (1.51 0.66* (0.06)  0.60 70
RM 2 (Lake) 11.14 (1.02) 0.42* (0.04)  0.57 70
PM1 (Surface) 9.99* (0.45; 0.16* (0.02) 0.48 70
PM2 (Ground) 11.07* (0.5)) 0.08* (0.02) 0.15 70
PM 3 (Surface) 9.46* (0.37; 0.17* (0.02)  0.63 70
NM 1 (Surface) 9.36* (0.39; 0.18* (0.02)  0.63 70
NM 2 (Surface) 9.41* (0.42; 0.18* (0.02) 0.58 70
NM 3 (Lake) 12.30* (0.9)) 0.38* (0.04) 0.57 70
* Significant
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4.3 Influence of maintenance on ditch water hedftiog upstream to downstream

Heating patterns for ditch reaches over the coofseday are compared through scatter plots of
upstream and downstream temperatures for a diedihy@r hysteresis curves. Figure 13 shows
hysteresis curves for all ditches for a randomipgiad day, July 30, 2011. The recently
maintained ditches, RM1 and RM2 experience morérggaver the course of a day than any
other ditches. RM1 experiences the most heating theecourse of a day, with rapid heating
occurring during the middle of the day (left sidehgsteresis curve, also see Appendix 9).
Maximum water temperatures for RM1 reach aboV€30r the downstream sampling point,
and minimum water temperatures for both upstreasindamwnstream points reach®Garound

6:30 am after nighttime cooling.

RM1 may experience the most heating between upstega downstream sampling points likely
because it is has low discharge and no canopy ceWatierways with low discharge tend to be
more responsive to air temperatures when air lteaisg the day (Mohensi et al. 1998).

RM1 may experience the most heating also becaiseiite of the longest reaches measured
(560m). However, PM2 is the longest reach meas{@®dm), and does not experience the large
range of heating that RM1 does. Additionally, RN22@m) experiences the second largest
amount of heating over the course of a day. Thikety due to RM2’s lack of canopy, as itis a
similar length to other reaches measured. The amtained lake-fed ditch (NM3) directly
upstream (220m) does not experience heating difteebetween upstream and downstream
sampling points. Although heating tends to natyraticur between upstream and downstream
points, previously and not maintained ditches betwE50m and 690m show little if any

differences in upstream and downstream samplingtpoas seen by the close fit of these
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Figure 13: Water temperaturgdteresis curves fall ditch reaches, with points every
minutes from midnight to midnight on July™. Upstream water temperatuf€Y is on the -
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hysteresis curves to a 1:1 linkhe SeaTac weather station for this day record°C maximum,

13’C minimum, and 28 mean air temperatur

4.4 Influenceof canopy cover on reed canary grass presencenwvtitbiwaterwa

Ditches that have no canopy cover above the watehad a range in amount of reed car
grass within the waterway fronelow 20% to above 80% (Figure)14For the three ditches t
do have canopy cover above the waterway, thereaappe be a relationship between can

cover and reed canary grass, with more canopy @ssgaciated with less reed canary gr
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Figure 14 Percent canopy cover above the waterway (A),andent reed canary grass wit
the waterway (B) for ditches in the study. Errorso@present 95% confidence intervi
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The only ditch that does not have reed canary guabi the waterway (PM3) has a nearly
100% canopy cover directly above the waterway. HanePM1 and PM2 have more reed
canary grass within the waterway than any of theiotlitches except NM3, suggesting that
native canopy cover of 60% or less does not neadbssaduce reed canary grass growth in the

waterway.
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5. Discussion
Although results provide some insights regardirggithmediate effects of maintenance, the
effects of maintenance over time is difficult taakwate because results suggest that the effects of

the primary source of ditch water play an importahe in ditch water temperatures.

Recently maintained ditch (RM1, RM2) temperatureseeded Department of Ecology
standards for salmonid core summer habitat, reasipgwning, and migration, and also
experienced the greatest amount of heating betwesineam and downstream sampling points.
RM1 and RM2 in addition to the not maintained ld&d-ditch (NM3) waters were most
sensitive to air temperatures, suggesting thesersvatere more likely to exceed standards on
warmer days. RM1 had the highest median 7-DADMaxpkeratures (above 23), and the lake-
fed ditches RM2 and NM3 also had high median 7-DADNemperatures (above°Z). All
previously maintained and surface water-fed nontaied ditches had lower 7-DADMax

median temperatures (below’cy.

5.1 Influence of maintenance and a groundwatercgoom ditch water temperature
Although groundwater has often been found to bdetdban stream water during the summer
(Arrigoni et al. 2008), this study suggests thatitiputs of groundwater within these historical

wetlands may be either warmer or cooler than nesubiace water.

Of all the studied ditches, RM1, originating fromalley wall-based seep, was the most
sensitive to air temperature, experienced the mashing between upstream and downstream
points, and has significantly warmer 7-DADMax temgteres than the other groundwater-fed

ditch (PM2) and the surface water-fed ditches ihl2@roundwater can either heat or cool
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waterways (Arrigoni et al. 2008), and the groundwaeeping into RM1 is likely already warm.
Summer temperatures before maintenance in 201@ haetlian of 17 % (Appendix 3).
However, the low discharge (Appendix 4) and expesarsolar radiation and air temperature
after maintenance may have resulted in the evdrehigmperatures found immediately after
maintenance in 2010 and during the 2011 summerehays with lower discharge and more
surface area exposed to the air have been founthleys to be more sensitive to atmospheric

heating (Neumann et al. 2003, Mohensi et al. 2088isch et al. 2012).

Although the previously maintained groundwater-dgdh (PM2) also had low discharge, it had
a canopy cover of about 40% above the waterway. RERNot sensitive to air temperature, and
had the lowest median maximum temperatures ofitalhels. This suggests that canopy cover
may contribute to reduced water temperature maxisnama sensitivity to air temperature for
PM2. However, these cooler temperatures are éisly ldue to the shallow groundwater
interception source, which may inherently have entdmperatures. Kelleher et al. (2012) also
found that canopy cover and groundwater inputsrdarie to lowered water temperature

sensitivity to air temperature for small streams.

5.2 Influence of maintenance and the lake souraditch water temperature

For the recently maintained lake-fed ditch (RMDoat a year after maintenance the source of
water influences the sensitivity to air temperatm@e than maintenance of the ditch. However,
a year after maintenance RM2 has slightly warmBADMax temperatures and experiences
more rapid and increased heating between upstradrd@avnstream reaches than the not

maintained lake-fed ditch (PM3). This suggests thatRM2 experiences more heating during
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the day because it is exposed, compared to the ®NI8h is surrounded by reed canary grass,
although inputs from incoming RM1 also likely indiace the warmer 7-DADMax temperatures.
Immediately after maintenance in 2010, sensititotgir temperature increases and the 7-
DADMax temperatures are significantly higher thanthis same period in 2011, holding air
temperature constant. This suggests that maintemaag contribute to increased sensitivity to
air temperature and increased 7-DADMax temperatuarasleast the first seven days after

maintenance.

5.3 Influence of maintenance and the surface sauaditch water temperature

The primarily surface water fed ditches (PM1, P81, NM2) have similar 7-DADMax
temperatures, sensitivity to air temperature, agatihg patterns between upstream and
downstream reaches, even though riparian canopsr ebifers due to whether the ditches were
previously maintained or not, and reach lengthegariThe waterways of surface water-fed
ditches NM1 and NM2 are surrounded by reed canaysg PM3 has a dense riparian cover, and
PM1 has a developing riparian canopy with some ca@@ry grass growing within. Both PM3
and NM1 do not warm between the upstream and dogaratsampling points of the reach. This
may be because reed canary grass provides a bufeems of water temperature, or the reach
may not be long enough to experience warming. AA8L, and NM2 are all part of the same
waterway, which also likely explains the similagiin maximum temperatures, sensitivities to
air temperature, and heating patterns. The reankasured may not be long enough to see a

difference due to vegetation, or reed canary grasgact as a canopy in buffering temperatures.
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5.4 Immediate influence of maintenance on ditchewsmperature

Similarly to the recently maintained lake-fed ditthe recently maintained groundwater-fed
ditch waters had higher sensitivities and 7-DADMemperatures immediately after
maintenance, controlling for air temperature. uggests that in the days immediately after
maintenance, maintenance may lead to increasedigéynand higher 7-DADMax water
temperatures in ditches. This could be becauserafteoving reed canary grass, the waterways
were fully exposed to solar radiation, whereas ilgefoaintenance reed canary grass provides
some canopy cover. However, reed canary grass gamomer was not recorded for this study.
Other studies suggest that grassed buffers maplbdaprovide shade and buffer mean water
temperatures just as well as wooded vegetatiornw&berways with low width to depth ratios
(Blann et al. 2002). The NM1 ditch water, surroehdy reed canary grass, does not warm
between the upstream and downstream points. The &d2NM3 ditches surrounded by reed
canary grass do warm as they flow downstream,Haget reaches are longer than NM1 and
temperatures tend to increase as they head doamstrelding other factors constant. Future
studies should measure the canopy of reed canasg gver waterways to better understand its

potential impact on shading and buffering for natimained ditches.

5.5 Potential influence of canopy cover and groustgwexchange on water temperature

Some parameters that might show relationships watter temperatures did not appear to do so
among all ditches. There is no clear relationslevieen canopy cover above the waterway and
maximum water temperatures for the surface watkafe lake-fed ditch reaches in 2011.
However, by examining only groundwater-fed ditcles)jopy cover may have an influence on

decreased temperatures. By examining only lakediteties, reed canary grass cover may have
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an influence on heating from upstream to downstreampling points. Discharge and the width
to depth ratio additionally do not appear to havelationship with maximum water temperature
for the set of all ditches (Appendices 4 and 5Yidfdes such as the primary source of the water

may be more important in determining daily maximi@mperatures in this data set.

Other studies examining the influence of riparianapy cover and riparian buffers on maximum
water temperatures have mixed findings. For exanWglatney (2000) results suggest that 7-
DADMax summer stream temperatures increase asmgeranopy cover decreases. Pollock et
al. (2009) also found average daily maximum stréamperature to have a positive relationship
with the amount of riparian buffer cleared for fetr@arvest. However, Janisch et al. (2012)
found that although the surface area of waterwagstlae amount of fine textured sediment both
had significant positive relationships with maximdaily water temperatures, canopy cover did
not. An unpublished study of lowland agricultureikams in Skagit County, Washington with
similarly low flows and a similar range of canopyer (0-90%), found that riparian canopy
cover provided a decent explanation for the difiees in maximum water temperature offsets
from air temperature @f 0.39), while discharge and drainage area haglationship with

maximum temperature offsets (Stoll and Monohan 2004

Not many studies have examined the influence @lfrim canopy cover on waterways with
different sources. However, Rayne et al. (2008hébtinat reduced riparian shade due to forest
harvest had a greater influence on increasing dagyimum temperatures for headwater streams
(up to 8C) that had a surface water source as compareghbater streams with a wetland

source (up to 1°Z). As the ditches in this study are located irstonic wetland, future research
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could examine if riparian shade is more or lessatiffe for ditches with wetland groundwater

seep compared to surface tributary sources, @lsdl is held constant.

Although not measured in this study, hyporheic grailindwater exchange can help keep water
temperatures cool (Moore et al. 2005, Story e2@0D.3). In addition to riparian shading, the
Department of Ecology also recommends increasiagmdl complexity and increasing and
protecting groundwater exchange to reduce watepéemures in the Snoqualmie River
watershed (Svrjcek et al. 2011). Instantaneous wdity measurements from 2011 are very
low for all ditches, suggesting there is very liedithyporheic and groundwater exchange
(Appendix 6). Field observations for RM1, RM2, &2 ditches noted fine sediments on the
channel bed, up to one to two feet deep in thentgcmaintained groundwater-fed ditch. Fine
sediments along streambeds may inhibit hyporhetbaxge, limiting the potential for cooler
groundwater to buffer stream temperatures. Futudiess should take ditch streambed sediment
samples in addition to conductivity measurementsetter explore potential hyporheic inputs
and the groundwater buffering capacity of differezeiches. Additionally, it may be useful to
measure at multiple places along a reach to dberné is thermal heterogeneity within a ditch.
Cooler water pockets from hyporheic exchange witheanm waterways may provide thermal

refugia for fish (Moore et al. 2005).

5.6 Relationship of canopy cover and reed canaagywithin the waterway
The only waterway with no reed canary grass hadoexppately 100% canopy cover. At least 80
or 85% canopy cover has been described as the mmmineeded to reduce reed canary grass

biomass (Morrison and Molofsky 1998, Maurer andIge@002). Additionally, deeper ditches
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may prevent reed canary grass from growing dira@ntthe waterway because reed canary grass
biomass decreases under inundated conditions (MandeZedle2002). In this study, NM2

had the highest discharge, deepest waterway, astireed canary grass growing within the
waterway, although reed canary grass grew alonfdah&s and covered the waterway.
Prolonged inundation has been shown to decreadecagary grass aboveground biomass by
73% (Maurer and Zedl&1002). Narrower and deeper channels may thus patgritelp limit

reed canary grass growth within the waterway bgdlng the grass. Narrower channels also are
more likely to be effectively shaded with smallatifan plants and trees than wider channels that
have more surface area (Poole and Berman 200ohiret al. 2008). Holding other factors
constant, narrower and deeper ditches may possiblg fields more quickly by channeling

surface water and by lowering the water table.

The type of vegetation surrounding the waterwayetiwer reed canary grass or native riparian
canopy cover, does not appear to have an effestater temperatures for this study. However,
this does not necessarily mean that reed canasg ggan equivalent replacement for native
riparian canopy cover. Species diversity decreasgparian zones colonized by reed canary
grass, and reed canary grass produces a large aofditer compared to native grasses and
woodland species (Xiong and Nilsson 1999). Littecamposition and respiration from reed
canary grass need oxygen, and could reduce dissokygen levels in waterways at night when
plants are not photosynthesizing. As low dissoloeglyen can lead to direct fish mortality, this
water quality parameter should be measured conislydo better understand the full effects of

reed canary grass in agricultural waterways.
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5.7 Management considerations

Maintenance appears to increase 7-DADMax tempearstwater temperature sensitivity to air
temperature initially, and the amount of heatingf titch water experiences from upstream to
downstream. Best management practices for maintenasuld consider methods to mitigate
these initial potential increases in water tempees by limiting the initial exposure to solar
radiation. For example, creating shade througheslsatkens or weed fabric may help buffer
water temperatures and limit reed canary grasstgrowtially. These methods were used for
Tuck Creek restoration efforts, just north of PMad resulted in decreased heating and
decreased maximum water temperatures on days igithalr temperatures. However, shade
cloth may interfere with beneficial vegetative gtbwdepending on how it is installed (Eastman

2006).

The effects of maintenance may vary ditch by ditaid may become less pronounced over time.
Riparian vegetation restoration might be more éffecat lowering water temperature

maximums and sensitivities to air temperatureséone ditches more than others, due to the
primary source of the water and physical parametgch as the width to depth ratio. This may

be especially true for ditches that are not fedbalgs, and for wider and shallower ditches with
lower discharge. Using the results of this study fanure recommended studies, managers could
consider prioritizing restoration resources fockiés that would receive the most benefits from

canopy cover to help lower water temperaturesen3hoqualmie River valley.

Additionally, King County’s proposed agriculturabterway classification system might

consider further classifying waterways based omaxuas ditches that drain groundwater from
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fields and surface tributaries running through diplains appear to have significantly different

characteristics, which may respond in different sveoymaintenance.

5.8 Limitations of the study

This study has a very small sample size, and sigge not randomly assigned. Comparisons
between recently maintained (n=2), previously naanmgd (n=3), and not maintained (n=3),
provide rough insight into the effects of maintecenver time, but no statistically significant
conclusions can be drawn on these effects. The sites were located on private property,
which meant that “treatments” of maintenance caatlbe randomly assigned. Landowner
willingness to participate in the study was requinghich limited the sample size. The different
primary sources of water, from valley wall-basedpsge, to shallow groundwater interception,
to an oxbow lake and surface tributaries, idealbyld be controlled for but were not due to the
small sample size. There were no recently maintbsnueface water-fed ditches in this study;
while the potential effects of recent maintenaneeenstudied for ditches originating from a
valley wall-based groundwater seep and an oxbow; dde potential effects of recent
maintenance could not be examined for surface wateditches. Additionally, many reaches
were part of the same ditch and directly fed irgoheother, which increased the challenge of

isolating the effects of maintenance on these ditater temperatures.

Finally, there are limitations of the field methaasd there was potential for human error while
taking measurements. Some data loggers were faunavie sunk into sediment between
sampling dates, which appeared to lower maximunpégatures and reduce the amplitude of

diurnal fluctuations from continuous temperatunagkng. Canopy cover was estimated by eye,

47



and although two people came to consensus on timeagsd percent of cover for each sampling

point, there is room here for human error.

5.9 Directions for future study
Future studies could control for the source ofditeh water by:
¢ Including more than one recently maintained, presip maintained, and not maintained
ditch for each primary source of water within thedy, or by
e Focusing on either 1) primarily groundwater-feccdés or 2) primarily surface water
tributary-fed ditches, to have a better sense oft@aance on these two common types
of agricultural ditches in the Snoqualmie APDs, agd

e Collecting data from more independent ditches @éhatot part of the same waterway.

It is also recommended that future studies examine:
e The effects of reed canary grass on water temperand dissolved oxygen,
e Continuous dissolved oxygen to better assess hébitaalmonid species, and
e Ditch reaches of similar lengths and orientatiomemwstudying heating in ditches to help

control for the natural heating that tends to oaxer longer reaches.

To better understand the effects of maintenancetowe, the recently maintained ditches in this
study could be monitored in the future. Howevernitaying should not only be done on these
two ditches, as controls are needed. Most impdytafioiture studies on water temperature in

drainage ditches should control for the primaryrsewf ditch water.
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6. Conclusions

The small sample size of this study suggests #dtant maintenance contributes to increased
summer maximum water temperatures, increased séysitf water temperature to air
temperature, and increased heating along the thtth over the course of a day, at least after
one year. However, the primary source of the diteker, which appears to be related to

discharge in this study, has an influence on ditaker temperatures, despite maintenance.

The primary source of drainage ditches, whetherfase-water tributary, valley wall-based
groundwater seep, shallow groundwater interceptoan oxbow lake, had an influence on
maximum water temperatures and the sensitivity atewtemperature to air temperature. Ditch
waters fed primarily from groundwater seeps fromhiilside or shallow groundwater
interceptions within the floodplain are likely tave lower flows than surface tributaries flowing
off the hillsides. The low flows of the recently mi@ined groundwater-fed ditch, coupled with
the lack of any vegetative cover, likely contrildite this ditch’s high maximum temperatures.
For the lake-fed ditches, maintenance appearednwibute to increased heating of the water
downstream, although maintenance did not appdaave much influence on maximum water
temperatures or the sensitivity of water tempegatarair temperature after a year. Surface
water-fed ditches surrounded by reed canary gnalsg pative riparian canopy had similarly low
maximum temperatures (7-DADMax below°Cy, and experienced limited if any heating from
upstream to downstream over the course of a dayré-gtudies should examine a larger sample

size and should control for the primary sourcehefditch water.
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North Snoqualmie APD
Waterway Classification Feb 2011
A high natural
My figh modified
4vhyeas high artificial
afygnn [ake
moderate natural
B moderate modified
moderate artificial
g mainstem river
WAgms [ow natural
§ =M (0w modified
etk i |ow artificial
Wi | nknown
Agricultural Production District
~ Streams outside of the APDs

: g @
| Classification is subject to change as
new information on fish use,
temperature, and flow become available.

L 2010 aerial phot

Appendix 1: Map of the North Snoqualmie AgricultuPaoduction District showing proposed
classification system of agricultural waterways ¢tletti and Higgins 2010). Ditches monitored
in this study are “high modified,” indicated by bland black dotted lines.
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Appendix 2: Lists of vegetation found adjacent teyoously maintained ditches (both ground
species and canopy species) and adjacent to ngceaithtained ditches (planted March 2011).
Woody debris, black weed plastic, and vegetatiterlare also reported.

PM1

Ground

Reed canary grasBlfalaris arundinacea)
Medium woody debris (5-10cm diameter)
Buttercup Ranunculus repens)

Canopy

Sitka willow (Salix sitchensis)

Red osier dogwoodJornus sericea)

Pacific willow (Salix lasiandra)

PM2

Ground

Morning glory(Convolvulus arvensis)
Reed canary grasBlfalaris arundinacea)
Snowberry ymphoricarpos albus)

Nootka roseRosa nutkana)

Evergreen blackberryr(bus laciniatus)
Reed canary grass litter

Medium Woody debris (5-10cm diameter)
Fine woody debris (0.6-2.4cm diameter)
Canopy

Sitka willow (Salix sitchensis)

Red osier dogwoodJornus sericea)
Pacific willow (Salix lasiandra)

PM3

Ground

Evergreen blackberryR(bus laciniatus)
Buttercup Ranunculus repens)

Reed canary gras®alaris arundinacea
Himalyaan blackberryRubus discolor)
Lady fern @Athyrium felix-femina)
Snowberry ymphoricar pos albus)

Nettle Urtica dioica)

Moss (unknown)

Leaf litter (miscellaneous)

Fine woody debris (0.6-2.4cm diameter)
Medium woody debris (5-10cm diameter)
Large woody debris (over 10cm diameter)
Canopy

Elderberry Sambucus racemosa)

Pacific willow (Salix lasiandra)

Sitka willow (Salix sitchensis)

RM1

Starts planted March 2011

Alder (Alnusrubra)

Reed canary grasPBlfalaris arundinacea)
Buttercup Ranunculus repens)
Hazelnut(Corylus rostrata)

Snowberry $ymphori-carposal bus)
Salmon berryRubus spectabilis)

Red osier dogwoodJornus sericea)
Vine maple Acer circinatum)

Sitka willow (Salix sitchensis)

Pacific Ninebark Physocar pus capitatus)
Black plastic

Pigweed(Amaranthus palmeri)

Red Clover(Trifolium pratense)
Lamb’s-quarterg¢Chenopodium album)
Plant litter (miscellaneous)

RM2

Starts planted March 2011

Reed canary grasBlfalaris arundinacea)
ServiceberryAmelanchier alnifolia)
Hazelnut(Corylus rostrata)

Nootka roseRosa nutkana)

Morning glory(Convolvulus arvensis)
Evergreen blackberry/éccinium ovatum)
Alder (Alnus rubra)

Bitter cherry Prunus emarginata)

Crab appleNalus fusca)

Vine maple Acer circinatum)

Pacific willow (Salix lasiandra)

Red osier dogwoodJornus sericea)
Sitka willow (Salix sitchensis)

Sitka spruceFicea sitchensis)

Black plastic

Farm weeds (unknown)

Large woody debris (7m long, 1.2m in
diameter at one end and .3m in diameter at
other end)

the
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Appendix 3:Comparison of the-day running average of the daifyaximum temperatures fi
three ditch water temperatures with air temperdiaom the SeaTac weather station from .
30" to September™®in 2010 and 2011Primarily groundwatefed ditches are red, primari
lakefed ditches are dark blue, and primy surface watefed ditches are pale blue. The bott
red line indicates Ecology’s upper limit for salm@aring, the middle red line is the upper li
for salmon spawning, and the upper red line iddher limit for lethal temperatures. B«
borders are the 35and 7% percentiles, interior line is the median, whiskams the minimun
and maximum values that are not statistically $iggmt outliers, and small circles are outli
Water measurements are from downstream samplimjsp@xcept for RI1, where the 201
and 2011 measurements are taken from the upstrapliag point because 2010 downstre
data loggers were lost. However, the RM1 upstreampéing point is downstream
approximately BO meters of recent maintenar
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Appendix 5: Box plot of thevettedwidth to waterdepth ratio for all ditches. Primari
groundwaterfed ditches are red, primarily le-fed ditches are dark blue, and primarily surf
waterfed ditches are pale blue. Box bordersthe 25" and 7%' percentiles, interior line is tt
median, and whiskerare the minimum and maximum values that aretatisgcally significan
outliers. Small circles are outliers, and starseatteeme value
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Appendix 6: Conductivity irdecisiemens per meter (dS) means and standard deviations
ditches divided by primargourct. All values are very similar, and are very lowehery low
concentrations of ions in these ditch waters irtdithat the waters are very poor conductot
electricity. Conductivity can be used to estimateshmuch groundwater is moving ough sails,

and low conductivities suggest there are very loputs of groundwater exchange through
soil within the ditch.

Ditches and sample size  Mears (dS/m) Standard deviatic
Groundwater-fed (n=42) 0.10 0.03
Lake-fed (n=40) 0.14 0.02
Surface water-fed (n=97) 0.1C 0.02
30
25
20+

H
2

Suspended sediment (mg/L)
g

T

@
LY ELEYTEX.
[ I I I I I I I
RM1 RM2 PM1 PM2 PM3 NM1 NM2 NM3

ApLoendix 7: Box plot of the suspended sediment entrations. Box borders athe 25" and

75" percentiles, interior line is the median, and whiskare the minimum and maximum valt
Small circles are outliers, and stars are extreahees

Ecology does not have a standard value for susplesetiiments, which is a direct measur
the amount bsediment in the water column. Howeveamples of suspended sediment ir
ditches ardoelow instantaneous levels of concern for juveaild adult salmon (Newcombe &
Jensen 1996, Rowe et al. 2003). Ecology does hamdards for turbidity, which & set from
baseline conditions, for which there are no recéodshese ditche
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Appendix 8: Daily maximum aitemperatures from the SeaTac weather statmnourly
averagedvater temperatures in the recently maintained di between July 27and October®

for 2010 and 2011IMaintenance occurred between Septem™ and 2%', 2010.
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Appendix 9: Heating and cooling patterns over therse of 24 hours for three sample ditct
RM1, RM2, and NM2 on a random day chosen, Aug™. Dottedlines indicating upstreal
sampling points (US) and solid lines indicating detveam sampling points (DS). RM2_DS v
likely sunk into sediment on this d
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Appendix 10: Table of instantaneous data collect€2D11 for upstream and downstream

sampling points along each ditch reach. Cellshisihk have no recorded data.

Ditch & | Date Time | Water | Dissolved | Conductivity | Discharge | Suspended

up or in of day | Temp oxygen (dS/m) (m*min) | sediment

down 2011 (°C) (mg/L) (mg/L)

stream

sample

point

NM1 DS 6-Oct| 11:40 11 8.59 0.09 1.710 2.4

NM1 DS | 21-Sep| 13:00 12.3 9.1 0.10 0.601 2

NM1 DS | 15-Sep| 12:30 12.3 8.9 0.10 0.618 1.2

NM1 DS 9-Sep| 12:35 12.9 8.51 0.11 3.523 4.4

NM1 DS 31-| 12:30 12.1 8.87 0.11 0
Aug 0.397

NM1 DS 23-| 13:06 13.8 8.85 0.11 4.4
Aug

NM1 DS 16-| 13:00 12.9 3.62 0.10 1.2
Aug 0.477

NM1DS | 7-Aug| 13:35 13.8 7.14 0.14 0.598 5.2

NM1 DS | 2-Aug| 13:50 13.6 8.98 0.14 4

NM1 DS | 26-Jul| 13:10 12.7 8.4 0.10

NM1 DS | 17-Jul| 15:20 12.5 8.8 0.31 0

NM1 US 6-Oct| 11:50 11 8.71 0.13 1.32 4

NM1 US | 21-Sep| 13:10 12.3 9.35 0.10 1.53 1.2

NM1 US | 15-Sep| 12:40 12.2 9.12 0.10 0.76 1.2

NM1 US 9-Sep| 13:00 13.1 8.7 0.11 4.05 0.4

NM1 US 31-| 12:50 12.1 8.71 0.11 2.8
Aug 0.98

NM1 US 23-| 13:00 13.3 9.22 0.14 0
Aug

NM1 US 16-| 14:00 13.3 3.48 0.10 0.4
Aug 0.67

NM1US | 7-Aug| 13:25 13.7 7.01 0.11 1.27 1.2

NM1US | 2-Aug| 14:15 13.6 9.02 0.14 5.2

NM1US | 26-Jul| 13:15 12.5 9.04 0.10

NM1US | 17-Jul| 14:40 124 9.3 0.40 2

NM2 DS | 10/5/1| 10:30 111 7.86 0.10 2

1 4.30

NM2 DS | 21-Sep| 10:45 11.6 9.06 0.10 1.81 0.8

NM2 DS | 15-Sep| 10:20 12.2 8.46 0.11 1.63 1.2

NM2 DS 9-Sep| 11:00 124 8.48 0.11 1.54 2.4

NM2 DS 31-| 11:10 12.2 8.43 0.11 0.8
Aug 1.60

NM2 DS 23-| 11:.00 135 8.59 0.12 2.4
Aug

NM2 DS 16-| 11:20 11.7 3.73 0.11 1.6
Aug 1.48

NM2 DS | 7-Aug| 12:00 13 8.14 0.11 2.15 1.6

NM2 DS | 2-Aug| 12:00 12.4 8.74 0.11 0.8

NM2 DS | 26-Jul| 11:50 12.6 8.52 0.11 0.23

NM2 US 6-Oct| 9:45 11.1 8.12 0.10 7.21 2

NM2 US | 21-Sep| 12:15 12.3 9.21 0.10 2.27 1.2

NM2 US | 15-Sep| 10:00 11.9 8.84 0.11 1.40 1.2

NM2 US 9-Sep| 11:30 12.3 8.82 0.11 1.51 2.8
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Appendix 10: (Continued) Table of instantaneous datlected in 2011 for upstream and

downstream sampling points along each ditch re@elis left blank have no recorded data.

Ditch & Date | Time| Water | Dissolved | Conductivity | Discharge | Suspended

up or in| ofday | Temp oxygen (dSm) | (m*min) sediment

down 2011 (°C) (mg/L) (mg/L)

stream

sample

point

NM2 US 31-| 11:45 11.9 8.92 0.11 1.6
Aug 1.63

NM2 US 23-| 11:25 13.2 9.15 0.12 1.6
Aug

NM2 US 16-| 11:40 12.3 3.74 0.11 1.2
Aug 1.81

NM2 US | 2-Aug| 12:30 12.4 9.3 0.11 1.2

NM2 US | 26-Jul| 12:50 12.6 9.2 0.14

NM3 DS 7-Oct| 10:50 14.5 4.84 0.14 1.41 3.2

NM3 DS | 21-Sep| 9:45 17.2 4.76 0.15 0.12 0.4

NM3 DS | 15-Sep| 11:15 18.5 2.95 0.20 0.45 1.2

NM3 DS 9-Sep| 10:00 18.6 412 0.15 0.64 2.4

NM3 DS 31-| 10:10 18.7 3.7 0.15 2.4
Aug 0.69

NM3 DS 23-| 10:13 21 3.49 0.15 1.6
Aug

NM3 DS 16-| 10:00 18.2 2.26 0.14 0
Aug 0.67

NM3 DS | 7-Aug| 11:05 20 4.86 0.15 0.28 3.2

NM3 DS | 2-Aug| 10:30 20 4.15 0.10 1.2

NM3 DS | 26-Jul| 10:50 19.7 3.86 0.14

NM3 US 7-Oct| 11:15 14.5 4.6 0.14 1.39 2.4

NM3 US | 21-Sep| 10:10 174 4.57 0.20 0.68 1.2

NM3 US | 15-Sep| 11:30 18.6 2.69 0.20 0.59 0

NM3 US 9-Sep| 10:10 18.9 3.83 0.15 0.07 2.4

NM3 US 31-| 10:20 18.9 3.45 0.08 2.4
Aug 0.66

NM3 US 23-| 10:00 21.1 3.65 0.15 1.6
Aug

NM3 US 16-| 10:15 18.6 2.37 0.14 1.2
Aug 1.18

NM3 US | 7-Aug| 10:50 20.2 4.5 0.14 0.38 2.8

NM3 US | 2-Aug| 10:45 20.3 4.01 0.15 1.6

NM3 US | 26-Jul| 10:30 19.8 3.96 0.14

PM1 DS 6-Oct| 8:45 10.6 8.34 0.06 1.61 0

PM1 DS | 21-Sep| 8:50 11.6 8.68 0.04 0.00 2.4

PM1 DS | 15-Sep| 8:45 12.6 8.04 0.09 0.20 0.8

PM1 DS 9-Sep| 9:00 11.9 8.01 0.09 0.00 0.8

PM1 DS 31-| 14:30 12.7 8.72 0.11 3.2
Aug 0.84

PM1 DS 23-| 14:00 14.4 8.33 0.11 0.8
Aug

PM1 DS 16-| 15:00 13.6 3.28 0.11 2.4
Aug 0.41

PM1DS | 7-Aug| 15:25 13.8 5.95 0.11 0.87 2

PM1DS | 3-Aug| 11:30 13.1 9.34 0.09 2.4
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Appendix 10: (Continued) Table of instantaneous datlected in 2011 for upstream and

downstream sampling points along each ditch re@elis left blank have no recorded data.

Ditch & Date | Time| Water | Dissolved | Conductivity | Discharge | Suspended

up or in| ofday | Temp oxygen (dSYm) | (m%¥min) | sediment

down 2011 (°C) (mg/L) (mg/L)

stream

sample

point

PM1DS | 26-Jul| 14:40 12.7 9.49 0.08

PM1 US 6-Oct| 9:00 10.7 8.97 0.08 1.29 1.6

PM1US | 21-Sep| 9:00 11.5 8.98 0.08 0.00 0

PM1 US | 15-Sep| 9:00 12.3 9.07 0.04 0.53 0.4

PM1 US 9-Sep| 8:30 11.8 8.51 0.09 0.00 0.4

PM1 US 31-| 14:15 12.7 9.07 0.09 2.4
Aug 0.49

PM1 US 23-| 13:45 14.5 8.62 0.09 1.2
Aug

PM1 US 16-| 14:45 13.8 3.34 0.00 1.2
Aug 0.69

PM1US | 7-Aug| 15:15 13.7 6.56 0.11 0.74 2

PM1US | 3-Aug| 11:.00 13.1 10.92 0.08 3.6

PM1US | 26-Jul| 14:25 12.7 9.45 0.09 0.24

PM2 DS | 10-Oct| 8:30 11 4,95 0.09 0.17

PM2 DS | 21-Sep| 15:00 13.4 3.85 0.00 0.30 2.4

PM2 DS | 15-Sep| 14:45 12.4 3.34 0.10 0.01 0.4

PM2 DS 9-Sep| 15:00 13.9 3.41 0.10 0.02 2.8

PM2 DS 31- 9:00 11.2 2.66 0.10 4.4
Aug 0.01

PM2 DS 23- 8:45 12.9 2.68 0.05 5.2
Aug

PM2 DS 16- 8:15 10.6 1.83 0.09 0.8
Aug 0.04

PM2 DS | 7-Aug 9:50 11.5 4.97 0.10 0.00 12

PM2 DS | 2-Aug 9:15 11.6 3.76 0.10 25.2

PM2 DS | 26-Jul| 16:05 13.1 5.81 0.10 0.00

PM2 US | 10-Oct| 8:45 11.6 4.3 0.10 1.98

PM2 US | 21-Sep| 15:15 13.7 3.93 0.10 0.26 2.4

PM2 US | 15-Sep| 15:00 12.2 3.22 0.10 0.00 1.6

PM2 US 9-Sep| 15:15 13.3 3.01 0.13 0.00

PM2 US 31- 8:45 12.2 2.95 0.10 0.8
Aug 0.16

PM2 US 23- 8:20 12.3 2.72 0.11 2.4
Aug

PM2 US 16- 8:00 11.3 1.46 0.10 0
Aug 0.10

PM2 US | 7-Aug 9:40 12.4 3.92 0.12 0.00 2.8

PM2 US | 2-Aug 8:50 11.9 2.87 0.11 0.00 3.2

PM2 US | 26-Jul| 15:50 13 7.78 0.10 0.07

PM3 DS | 10/6/1| 11:00 11.1 8.54 0.10 1.6

1 1.61

PM3 DS | 21-Sep| 13:40 12.3 9.26 0.10 0.99 2.4

PM3 DS | 15-Sep| 12:55 12.2 9.28 0.10 0.74 1.6

PM3 DS 9-Sep| 13:15 13.1 8.71 0.11 1.07 1.2

PM3 DS | 31-Au| 13:10 12.1 8.99 0.11 1.23 2.4
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Appendix 10: (Continued) Table of instantaneous datlected in 2011 for upstream and

downstream sampling points along each ditch re@elis left blank have no recorded data.

Ditch & Date | Time| Water | Dissolved | Conductivity | Discharge | Suspended

up or in| ofday | Temp oxygen (dSm) | (m%min) sediment

down 2011 (°C) (mg/L) (mg/L)

stream

sample

point

PM3 DS 23-| 12:45 13.6 8.9 0.10 2
Aug

PM3 DS 16-| 13:45 13.1 3.44 0.10 1.6
Aug 1.28

PM3 DS | 2-Aug| 14:25 13.8 8.8 0.11 3.2

PM3 DS | 26-Jul| 13:20 12.4 9.37 0.10

PM3 DS | 17-Jul| 14:10 12.2 9.17 2

PM3US | 7-Aug| 13:10 13.6 7.6 0.11 1.11 2

PM3 US 6-Oct| 12:20 11.1 8.25 0.10 1.98 0.4

PM3 US | 21-Sep| 13:50 12.3 9.02 0.10 1.15 1.2

PM3 US | 15-Sep| 13:05 12.1 9.17 0.10 1.06 0.4

PM3 US 9-Sep| 13:30 13.1 8.4 0.11 1.15 0

PM3 US 31-| 13:25 12 8.45 0.11 1.2
Aug 1.00

PM3 US 23-| 12:30 13.3 8.75 0.11 0.8
Aug

PM3 US 16-| 13:30 13.2 3.75 0.10 1.2
Aug 1.06

PM3US | 7-Aug| 13:55 14 7.03 0.14 .79 3.2

PM3US | 2-Aug| 14:40 13.7 8.7 0.11 1.2

PM3US | 26-Jul| 13:30 124 9.14 0.13

PM3US | 17-Jul| 13:20 12.2 9.16 1.2

RM1 DS 7-Oct| 11:30 12.5 6.96 0.08 0.04 2

RM1 DS | 21-Sep| 11:05 16.2 6.7 0.10 0.00 2.4

RM1 DS | 15-Sep| 11:40 16.5 5.1 0.00 0.09 1.2

RM1 DS 9-Sep| 9:43 16.4 5.94 0.12 0.00 1.6

RM1 DS 31- 9:50 16.4 6.23 0.12 1.2
Aug 0.00

RM1 DS 23- 9:45 19.5 4.75 0.06 1.2
Aug

RM1 DS 16- 9:40 16.1 2.45 0.12 0.4
Aug 0.00

RM1DS | 7-Aug| 10:40 21.1 7.17 0.13 0.00 1.6

RM1DS | 2-Aug| 10:20 19.5 9.9 0.00 3.2

RM1DS | 26-Jul| 11:10 18.2 8.7 0.13

RM1DS | 17-Jul| 11:45 18.2 8.9 0.00 0.4

RM1 US 7-Oct| 12:00 12.1 8.05 0.10 0.33 0.8

RM1 US | 21-Sep| 11:40 14.9 7.06 0.10 0.00 1.6

RM1 US | 15-Sep| 12:00 15.3 2.89 0.10 0.00 2.4

RM1 US 9-Sep| 9:30 14.5 5.51 0.12 0.00 1.6

RM1 US 31- 9:35 15 4.21 0.12 3.2
Aug 0.00

RM1 US 23- 9:25 17.3 3.53 0.13 4
Aug

RM1 US 16- 9:20 13.8 2.42 0.12 0
Aug 0.00
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Appendix 10: (Continued) Table of instantaneous datlected in 2011 for upstream and

downstream sampling points along each ditch re@elis left blank have no recorded data.

Ditch & Date | Time| Water | Dissolved | Conductivity | Discharge | Suspended

up or in| ofday | Temp oxygen (dSm) | (m*min) sediment

down 2011 (°C) (mg/L) (mg/L)

stream

sample

point

RM1US | 7-Aug| 14:45 13.2 6.02 0.12 1.50 1.6

RM1US | 7-Aug| 10:25 17.5 6.8 0.14 0.00 6.4

RM1US | 2-Aug| 10:00 16.2 6.57 0.10 4.8

RM1US | 17-Jul| 11:00 16.1 7.35 0.00 3.2

RM2 DS 6-Oct| 10:45 14.2 4.95 0.13 0.95

RM2 DS | 21-Sep| 10:35 17.5 8.04 0.10 0.72 0.4

RM2 DS | 15-Sep| 10:30 18.1 5.32 0.15 0.47 0.4

RM2 DS 9-Sep| 10:50 19.8 9.17 0.15 0.34 1.6

RM2 DS 31-| 10:50 18.5 7.35 0.14 3.2
Aug 1.87

RM2 DS 23-| 10:45 215 8.95 0.15 1.2
Aug

RM2 DS 16-| 11:00 20.7 3.14 0.14 0.4
Aug 1.07

RM2 DS | 7-Aug| 11:45 22.2 8.49 0.14 0.83 2.8

RM2 DS | 2-Aug| 11:40 21.1 10.3 0.14

RM2 DS | 26-Jul| 11:30 19.4 8.56 0.14

RM2 US 6-Oct| 11:00 14.3 4.48 0.14 1.45 2.8

RM2 US | 21-Sep| 10:20 17.3 5.19 0.10 0.16 1.2

RM2 US | 15-Sep| 11:00 18.3 4.01 0.15 0.53 0

RM2 US 9-Sep| 10:30 18.9 5 0.15 0.71 0.8

RM2 US 31-| 11:20 18.4 4.23 0.15 3.6
Aug 2.01

RM2 US 23-| 10:30 21 4.68 0.15 3.6
Aug

RM2 US 16-| 10:30 18.6 2.85 0.14 1.6
Aug 0.33

RM2 US | 7-Aug| 11:30 20.6 6.07 0.15 0.86 2.4

RM2 US | 2-Aug| 11:00 20.4 5.89 0.15 0.8

RM2 US | 26-Jul| 9:50 19.5 4.6 0.14 0.75
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Appendix 11: 7-DADMax summary data for each ditald for SeaTac air temperature between
July 30 and October 2, 2011. Data are taken fromndtream sampling points for all ditches
except NM2 because the downstream data loggef$Mt& ran out of batteries by August 24.

Date RM1 | RM2 | PM1 | PM2 | PM3 | NM1 | NM2 | NM3 | Air

07/30/11| 31.15| 25.51| 14.71| 14.03| 14.41| 14.54| 14.48| 22.54| 24.29

07/31/11| 31.5| 25.15| 14.75| 13.92| 14.52| 14.67| 14.67| 22.76| 24.84

08/01/11| 31.48| 24.75| 14.78| 14.03| 14.56| 14.76| 14.75| 22.98| 25.08

08/02/11| 29.84| 24.12| 14.76| 13.97| 14.28| 14.45| 14.43| 22.77| 24.29

08/03/11| 29.08| 23.11| 14.56| 13.65| 14.19| 14.35| 14.37| 22.61| 23.81

08/04/11| 29.51| 22.68| 14.59| 13.59| 14.26| 14.42| 14.5| 22.74| 24.05

08/05/11| 28.27| 21.94| 14.49| 13.33| 14.11| 14.28| 14.35| 22.61| 23.49

08/06/11| 27.14| 21.72| 14.36| 13.22| 13.94| 14.1| 14.2| 22.42| 22.94

08/07/11| 25.81| 21.39| 14.04| 13.12| 13.71| 13.87| 13.94| 22.12| 22.3

08/08/11| 24.94| 21.06| 13.72| 13.05| 13.53| 13.67| 13.72| 21.81| 21.75

08/09/11| 25.84| 20.87| 13.69| 13.12| 13.65| 13.83| 13.89| 21.84| 22.54

08/10/11| 25.05| 20.74| 13.71| 13.24| 13.49| 13.67| 13.67| 21.62| 22.3

08/11/11] 24.21| 20.53| 13.57| 13.22| 13.37| 13.56| 13.53| 21.35| 22.06

08/12/11| 24.63| 20.44| 13.58| 13.39| 13.41| 13.59| 13.56| 21.34| 22.38

08/13/11| 25.5| 21.19| 13.68| 13.45| 13.56| 13.72| 13.67| 21.49| 23.02

08/14/11] 26.12| 21.91| 13.76| 13.46| 13.64| 13.79| 13.72| 21.61| 23.49

08/15/11| 26.04| 22.44| 13.71| 13.14| 13.63| 13.75| 13.69| 21.66| 23.41

08/16/11| 25.77| 22.97| 13.63| 12.81| 13.6| 13.71| 13.64| 21.73| 23.57

08/17/11| 26.59| 23.64| 13.71| 12.77| 13.79| 13.91| 13.87| 22.05| 24.76

08/18/11| 27.29| 24.45| 13.85| 12.82| 13.98| 14.08| 13.98| 22.44| 26.03

08/19/11| 26.7| 24.74| 13.99| 12.71| 13.96| 14.07| 13.97| 22.55| 25.79

08/20/11| 26.29| 24.56 141 12.73| 13.94| 14.11 14| 22.7|25.71

08/21/11| 26.46| 24.62| 14.11| 12.77| 14.08| 14.26| 14.15| 23.01| 26.27

08/22/11 27| 24.87| 14.34| 12.84| 14.27| 14.46| 14.35| 23.4| 26.98

08/23/11| 27.36| 25.12| 14.58| 12.9| 14.43| 14.64| 14.53| 23.72| 27.46

08/24/11| 27.43| 25.53| 14.72| 12.86| 14.48| 14.68| 14.53| 23.73| 27.38

08/25/11| 27.31| 25.72| 14.73| 12.75| 14.42| 14.63| 14.49| 23.66| 26.83

08/26/11| 27.17| 25.65| 14.8| 12.66| 14.39| 14.58| 14.43| 23.6| 26.75

08/27/11| 26.52| 25.26| 14.67| 12.59| 14.26| 14.42| 14.3| 23.21| 26.11

08/28/11| 25.18| 24.58| 14.42| 12.49| 13.95| 14.12| 13.97| 22.64| 24.92

08/29/11| 24.33| 24.25| 14.06| 12.4| 13.71| 13.86| 13.69| 22.21| 24.21

08/30/11| 23.69| 23.94| 13.74| 12.35| 13.5| 13.64| 13.46| 21.72| 23.17

08/31/11] 23.11| 23.31| 13.51| 12.33| 13.34| 13.47| 13.31| 21.42| 23.02

09/01/11| 22.65| 22.79| 13.34| 12.35| 13.23| 13.38| 13.2| 21.23| 23.25

09/02/11] 23.13| 23.03| 13.33| 12.43| 13.28| 13.45| 13.28| 21.28| 24.21

09/03/11| 23.63| 23.36| 13.34| 12.54| 13.39| 13.54| 13.39| 21.51| 25.4

09/04/11| 24.32| 23.73| 13.43| 12.66| 13.56| 13.71| 13.6| 21.71| 26.51

09/05/11| 24.13| 23.59| 13.48| 12.74| 13.57| 13.74| 13.63| 21.65| 27.46
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Appendix 11: 7-DADMax summary data for each ditald for SeaTac air temperature between
July 30 and October 2, 2011. Data are taken fromndtream sampling points for all ditches
except NM2 because the downstream data loggef$Mt& ran out of batteries by August 24.

Date RM1 | RM2 | PM1 | PM2 | PM3 | NM1 | NM2 | NM3 | Air

09/06/11| 24.24| 23.58| 13.46| 12.83| 13.64| 13.82| 13.72| 21.8| 28.57

09/07/11| 24.23| 23.55| 13.52| 12.92| 13.72| 13.9| 13.82| 21.95| 28.73

09/08/11| 24.31| 23.62| 13.59| 13.03| 13.82 14| 13.93| 22.06| 28.89

09/09/11| 23.71| 23.35| 13.67| 13.07| 13.75| 13.91| 13.83| 21.92| 27.78

09/10/11] 22.92| 22.86| 13.62| 13.01| 13.57| 13.75| 13.65| 21.64| 26.19

09/11/11| 22.17| 22.41| 13.49| 12.93| 13.42| 13.58| 13.47| 21.42| 24.92

09/12/11] 21.58| 21.94| 13.41| 12.85| 13.32| 13.47| 13.36| 21.17| 23.33

09/13/11] 20.69| 21.31| 13.23| 12.69| 13.1| 13.23| 13.09| 20.73| 21.67

09/14/11] 19.53| 20.56 13| 12.48| 12.81| 12.91| 12.74| 20.11| 19.92

09/15/11] 18.62| 19.92| 12.65| 12.35| 12.63| 12.7| 12.54| 19.64| 18.33

09/16/11| 18.7|19.79| 12.54| 12.51| 12.62| 12.69| 12.54| 19.51| 18.41

09/17/11| 18.92| 19.73| 12.59| 12.63| 12.62| 12.68| 12.52| 19.53| 19.44

09/18/11] 18.92| 19.61| 12.53| 12.8| 12.64| 12.68| 12.51| 19.35| 20.16

09/19/11] 19.09| 19.69| 12.54| 13.04| 12.7|12.75| 12.59| 19.27| 21.03

09/20/11] 19.35| 20.04| 12.65| 13.38| 12.91| 12.98| 12.81| 19.42| 22.3

09/21/11] 19.87| 20.41| 13.06| 13.73| 13.06| 13.14| 12.99| 19.72| 23.33

09/22/11] 20.02| 20.56| 13.25| 13.98| 13.12| 13.21| 13.06| 19.77| 23.49

09/23/11] 19.47| 20.09| 13.38| 13.75| 13.02| 13.12| 12.99| 19.55| 22.86

09/24/11] 18.98| 19.85| 13.43| 13.73| 13.05| 13.14| 13.08| 19.15| 21.9

09/25/11| 18.7| 19.7|13.54| 13.54| 12.99| 13.09| 13.05| 18.96| 21.03

09/26/11| 18.43| 19.45| 13.47| 13.33| 12.87| 12.95| 12.9| 18.7|21.11

09/27/11| 17.8| 18.79| 13.14| 12.97| 12.59| 12.65| 12.63| 18.32| 19.92

09/28/11| 17.04| 18.1|12.85|12.58| 12.34| 12.4| 12.37| 17.88| 18.65

09/29/11| 16.48| 17.6|12.48| 12.26| 12.14| 12.18| 12.16| 17.43| 18.41

09/30/11| 16.26| 17.53| 12.34| 12.18| 12.07| 12.11| 12.1|17.12| 18.49

10/01/11 16| 17.27| 12.15| 12.01| 11.92| 11.96| 11.93| 16.97| 18.33

10/02/11| 15.68| 16.9| 12.07| 11.9|11.78|11.82| 11.83| 16.79| 17.54
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Appendix 12: Multiple linear regression analysisigiermine the relative influence of
maintenance and the primary source of ditch watenstantaneous water temperatures

Three multiple linear regression models were petéat on all data for 2011 to examine which
variables provided the best explanation for théavene in drainage ditch water temperature for
this study. The dependent variable was instantaeater temperatur€Q) for all models.
Independent variables for the first model (Modeh&ye instantaneous air temperat @) (
instantaneous wetted width (meters), and instantadischarge (ffmin). Model 2 additionally
included dummy variables for recent maintenanceyipus maintenance, and no maintenance.
Model 3 also included dummy variables for the pmyrsource of the ditch water (surface, lake,
shallow groundwater interception, and valley walkéd seep). T-tests were performed on each
independent variable to determine which variablesevsignificant predictors of instantaneous

maximum water temperature.

Although all models are significant, the best madé¥lodel 3, which includes all variables.
Model 3 explains the variation in instantaneousewggmperatures well (adjusted R0.86),
compared to Model 2 (adjusted R 0.49), and Model 1 (adjusted Bf 0.31). Including the
source of the water greatly improves the abilityhaf model to explain differences in

instantaneous water temperature.
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Appendix 12: Outputs of three multiple linear reggien models to determine the relative
influence of various independent variables on mstaeous water temperature for ditches
studied between July f7and October 10 2011.

Model 1 Model 2 Model 3
Independent B B B
variable (std error) (std error) (std error)
(Constant) **7.54 **Q.45 **8.90
(1.43) (1.35) (0.75)
Wetted Width **0.56 **0.36 0.01
(m) (0.10) (0.10) (0.06)
Discharge *-1.44 *¥*.1.72 -0.32
(m*min) (0.67) (0.63) (0.36)
Air (°C) **0.18 **0.18 **0.19
(0.07) (0.057) (0.03)
Recently - **.1.92 -0.23
Maintained (0.49) (0.44)
Previously - 1.08 0.18
Maintained (0.62) (0.31)
Lake source - - **5.63
(0.40)
Shallow - - 0.06
groundwater (0.37)
interception
source
Valley wall- - - **3.36
based seep (0.63)
source
R Square 0.52 0.33 0.88
Adjusted R 0.49 0.31 0.86
Square
Degr ees of F(3,80) F(5,78) F(8,75)
freedom
F score **13.40 **16.75 **67.01
Dependent Variable: | nstantaneous Water Temperature (°C)
*p<0.05, **p<0.01

Model 3 suggests that the main predictors of inataous water temperature for the ditches in
this study are instantaneous air temperature, \ehethnot a ditch is from the lake source
(includes RM2 and NM3), and whether or not thelditcthe valley wall-based seep ditch

(RM1). Discharge and the wetted width of the diacl not significant predictors of
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instantaneous water temperature when the sourdés @fater are included as independent
variables. Maintenance is also not a significaptptor of instantaneous water temperature in
Model 3. However, recent maintenance is a sigmtigsedictor of water temperature for Model
2, suggesting that recent maintenance and theesofitbe water are somewhat correlated within
the model. Still, this is not a significant probletine model was tested for problems with

multicollinearity and heteroskedasticity and norexevfound.

This analysis suggests that air temperature angrthreary source of the ditch water are
significant predictors of instantaneous water terajpee, while maintenance is less important.
Thus, this multiple linear regression supports ofimelings that in order to better understand the

effects of maintenance, studies should controtifersource of the water.
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