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Executive Summary

Situated on the lowa River on the University of lowa campus in lawal@va, IIHR Hydroscience and
Engineering seeks to be@searcheaderin hydraulics, hydrology, water quantity and water quality,
and toeducate students to bé&uture leaders in these areas. The education IIHR provatesbined with
handson engineemg practice, attracts a vibrant international mix of students with a rich variety of
interests.
Recentleadersof the institute haveS y 02 dzNJ 3SR LLI wQa FdzZNIKSNJ RS@St
strengths of the past into an expanding and complex mneséard, education, and public service
¢t2RIFeQa o0fSYyR 2F FLIWLXASR YR GKS2NBGUAOIf &addzRASaxZ
collection and analysis of data and by numerical modeling techniques, has set the stage for a great
diversity of projectsanging from model studies of specific hydraulic structures to computational fluid
dynamics investigains of complex flow mechanisms.
The floods of 2008, which hit the University of lowa campus hard, brought about the creation of
LLI wQa L2gHiKGSE /2R A/28V0BSNBA NRG | OF RSYAO OSYyiSNI RS@2
{OFGS FLIWINRLINRFGAZ2YyaX Ay O2YoAyl GA2Y ¢ Aimfoved | NR 2 dza
flood monitoring and predictiogapabilities in lowa.
In 2012 the Floo€enter extended efforts beyond water quantity issues into the pressing issue
of lowa water quality. A modest equipment purchase began the creation of what may be the largest
reaktime, continuous water quality monitoring network in the U.S. The timingfadsitous, because
around this time a coalition of lowa stakeholders developed the lowa Nutrient Reduction Strategy
(INRS), a science and technoldgsed approach to assess and reduce nutrients delivered to lowa
waterways. The lowa Nutrient Research @efINRC) supports this effort with research and science
0FaSR AYT2NXI(GA2yd L2gl Qa4 aiGNI(GS3e& oI aagricedor 2F GKS
their own efforts.
The INRC has created a very productive collaborative team, with overtpppd
complementary sets of knowledg&hellHRcontinuous monitoring network, quadrupling in size since
201224 GKS o0F0102yS 27F (KS ! Tfestakdimdait efdde séhdos2 NI (2 3
provide near reatime data, which are relayeblack to the center every 15 minutes. The sensors
measure nitrate, dissolved oxygen, temperature, specific conductandsdity and pH.
Researchers at IIHR have also developed anteasye web platform, the lowa Wateuality
Information System (IWQIB) 42 RAA&SYAYIGS GKS aSyaz2zNJ RFdGFZ AAYA
Flood Information System. IWQIS displays neartiead data on nitrate and other water quality
variables from irstream sensors across lowa in a uendly, Google Maps interfacé& his new
information makes it possible for all interested lowans to use a scibased approach when making
decisions that affect water quality. Water quality data from several USGS monitoring sites is collected by
IIHR and also displayed in IWQISa#Adhived IIHR water quality is made available to interested persons
upon request.
This report is a summary of data collected from 2012 to 2015, asjecial focus on 2015
nitrate data. The report is the first in what is intended to be recurring annymzdrts, issued for public
consumption in the first quarter of each year.

Larry Weber, Ph.D.

Director
March 1, 2016
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Part One:
The [IHR Water Monitoring Network
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A.

Overview

lowa Water QualityHistory

Prior to European settlement in the #@entury, lowavas covered witlprairies,oak
savannahsyetlands and forests. Much of the landscape was internally drained, meaning that
rainfall and snowmelt drained to small depressional areas, rather than streams. Groundwater
fed streams meandered across the landseapd likely rarshallow ancclear, carrying low

levels of sediment and nutrientRivers easily spilled out into the flood plain after heavy rains,
and river banks reregetated during drought, reducing streambank erosion.

Over several decades, the natiprairie was broken and cultivated for corn, oats and alfalfa, and
I FS¢ 20KSNJ YAY2NI ONRLIAD® {2Af SNRaAzZ2y g6l a Ayl

S
CNRY GKS LISNA2R 2F myyn (2 MpHAI Yl ya&usdaf L2gl Q
pipes. Thisvasmost common in the recentlglaciated area of nortitentral lowa known as the
Des Moines Lobélany new streams were constructed in ditches to drain water externally to
the river network. Many existing streams were straightenedaiilitate crop production.

The postWorld War Il era brought new developments to agriculture. The emergence of
chemical fertilizers, soybeans, and continued drainage of the landscape with plastic drainage
tiles helped lowa become a world leader in cropldimestock production.

The loss of the native ecosystems, stream straighteaimdjincisionartificial drainage, and

discharges from industries and municipalities degraded water quality. Although the decline in

water quality probably subsided intheearl mpy na s L2gl Qa A0GNBIYa aidatft
sediment than most people find acceptable.

lowa Landforms

¢2 (GKS dzy iNI AySR SéSz L2glQa tFyRaAaOlILIS Yle& 22
soybean landscape masséignificant landscape differems that exist across the stafEhere are

seven major landforms in lowa, all shaped by glacial, wind, river and marine environments of

the geologic past.

Stream water quality is greatly affected by the landform. For example, the streams flowing
through the shallow limestone rock layers of northeast lowa can be quite clear and cold. Rivers
and streams of the artificially drained area of north central lowa contain high levels of nutrients.
Southern lowa streams are muddier as the Loess soils of this areasihg eroded.

Descriptions of lowa Landforms follow, along with a map showing their location.

Ly 6 S a0 Sokgs Hllgghizhk depdsits of windblown silt (loess) form a unique landscape
feature. The Loess was carried around by Missouri River flmodlground down by glaciers,
especially from about 28,000 to 12,000 years ago. The formation is only about 15 miles wide,
but runs about 200 miles north to soutlihe soil is fertile but easily erodible.

TheDes Moines Lobgvas formed during a brief peribof glaciation in lowa, from 15,000 to
12,000 years ago. The melted glacier left behind a poorly drained landscape of wetlands and
potholes, with abundant clay and peat soils. Curved bands of ridges and knobby hills contribute
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to agently rollinglandscag. The Des Moines Lobe is part of the Prairie Pothole Region that
extendsfrom the city of Des Moines north and west to into Albeltéost of the potholes have
been drained with ditching and TTYT
underground tile lines to make i’,,;fy?"éi Sy
way for agriculture. Agriculture rt/ﬁ;ri;;t |§\a\'ﬂ§' b))
also created many streams & §;>’%“y ‘ f( T
here that did not exist prior to o ’
European settlement.

T

s
F

TheSouthern lowa Drift Plain
(SIDP) was formed by glaciers Missou
that extended south to the
Missouri River 500,000 years
ago. Nature has had a lot of
time to erode and carve away
at the Loess soils here, a
process that was sped up by
early settlersThe hilly
landscape is fertile but easily eroded.

Figurel: lowa Landforms

Long, gently rolling slopes and low relief characterizelthean Surfaceof Northeast lowa. This

area was a prehistoric tundra whenetwisconsin glacier covered the Des Moines Lobe area
15,000 years ago. Drainage is well developed but slow because of the low relief. Thus, many of
the farmed fields are artificially drained with tile to enhance crop production. A mantle of silt
and sand dminates, likely deposited by persistent northwesterly winds blowing off the
Wisconsin glacier. Some soils may have formed under forest, rather than prairie.

TheNorthwest lowa Plainsre similar to the lowan Surface, but unlike the lowan Surface, this
area probably never had trees. Loess soils dominate because of its proximity to the Missouri and
Big Sioux Rivers. This is the highest and driest area of lowa, but still wet enough to require
artificial drainage in many areas to enhance crop production.

ThePaleozoicPlateag@ ¥ b2 NI KSI ad L2gl Aa SlFairte NBO23AyAll
untrained of eyes. This region is part of the fatmte (IA, MN, IL, WI) Driftless Area, where

glaciers never tread. Narrow valleys are carved into the sedimgméak of the Paleozoic Age.

Dissolving limestone helped create a landscape of caves, springs, and sinkholes. Groundwater

wells in this area are easily contaminated by surface activities.

The Mississippi and Missouri Rivdluvial Plainsseem disproportioately wide relative to the
river itself. This is because thevere originally formed by the huge floods that resulted from
melting glaciers. Sloughs and oxbow lakes mark disconnected sections of the river channel.
Levees and artificial drainage enablegproduction, although the sandy soils can sometimes
require irrigationduring drier years. Smaller versiooisthese alluvial plains can be found along
some interior rivers.
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C. lowa Nutrient Reduction Strategy

Ly NBaLRyasS (2 G§KS was quali,&oalRdh afloNaSstakeBodarst Y LINE &S
developed the lowa Nutrient Reduction StratgtifR5) in 2011, a science and technoleggsed

approach to assess and reduce nutrients delivered to lowa waterways. The lowa Nutrient

Research Center (INRC) gags this effort with research and scienéel 8 SR AY T2 N¥Y I GA 2y «
strategy was one of the first, and other states have looked to it as a guide for their own efforts.

The INRC provides scieAuased information on water quality for lowans. INRC redearc
evaluates the performance of current and emerging nutrient management practices, and
provides recommendations on how to best implement these practices. This information benefits
all lowans, from farmers to urban dwellers, who depend on water for lifeli@etihood.

The INRC has created a very productive collaborative team, with overlapping and
complementary sets of knowledge. For example, lowa State University has more than 150 years
of experience and credibility in farming practices and agriculturahsei. IIHR Hydroscience &
Engineering (IIHR) at the University of lowa has been an acknowledged worldwide leader in
hydrology and fluidselated research for nearly a century. The combination sets up a powerful
force for progress.

D. IIHR Water QualitpMonitoring

In support of the lowa Nutrient Reduction Strategy, and the backbone of the wyatdity
research at IIHR, is a network of 28 wadgrality monitoring sites throughout lowa. The state
of-the-art remote sensors provide near retine data, which areelayed back to the center
every 15 minutes. The sensors measure nitrate, dissolved oxygen, temperature, specific
conductance, and pH.

Researchers at IIHR have also developed anteasye web platform, the lowa Watepuality

Information System (IWQIS),2 RA&A&ASYAYylI 4GS GKS aSyaz2NJ RFGFX &aA
lowa Flood Information System. IWQIS displays neattireal data on nitrate and other water

guality variables from stream sensors across lowa in a uB@ndly, Google Maps interface.

This new information makes it possible for all interested lowans to use a sd)asee

approach when making decisions that affect water qualifater quality data from several

USGS monitoring sites is collected by IIHR and also displayed in IWQthivEtdiHR water

guality is made available to interested persons upon request.

Realtime monitoring by IIHR predates the INRC. The monitoring program was-simowff of

the Lucille A. Carver Mississippi River Environmental Research Station (LACMRBRSERS

gF&a I RNBIY 2F AlGa FT2dzy RAy3d RANBOG2NE ¢ Gadz A
They obtained a generous grant of $1.2 million from the Roy J. Carver Charitable Trust, which
represented the bulk of the building costs. LACMRERS ojier28d2.
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Figure2: Screenshot from the IWQIS website illustrating nitrate concentration in the lowa River at lowa City

In 2008, a second major contribution from the Carver Trust brought its support of LACMRERS to
a total of moe than $2 million, allowing IIHR to equip the laboratory with a rhéam echo

sounder, stateof-the art water quality sensors ardhta loggerssediment laboratory

equipment, and other equipment for largéver research. From this second contributiarfew

nitrate sensors were deployed along and in the Mississippi River, in Clear Creek in Johnson
County, and for sho#term research projects. Four sites were monitored in Lake Odessa (SE
lowa) in 20112012 to assess nitrogen processing.

The current progra of realtime stream monitoring of interior streams began in 2012. That

year seven nitrate sensors were deployed at sites in the Lower lowa River Watershed. In 2013,
three additional stream sites were added. Also in 2013, equipment was purchased withgund
from the Housing and Urban Development (HUD) (one sensor deployed on Otter Creek in NE
lowa) andadditionaldeviceswere funded by IIH® monitor a constructed wetlashin NE lowa

and the Skunk River at Augusta.

Twelve stream sites were added in 20&#h funding from HUD and INRC. This enlarged the
network to 22. This expanded to 28 sites in 2015 with funding from HUD, INRC, the City of
Dubuque, and lowa Department of Natural Resources (IDNR).
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The objectives of IIHR water quality monitoring are thfelel:

1 Inform the water quality discussion in lowa with credible data.

1 Quantify nitrogen loads transported from lowa watersheds. This will help track progress
toward water quality objectives outlined in the INRS.

1 Use accumulated data to conduct original ressh on water quality, hydrology, and land
use effects on lowa streams.

E. Staff

The monitoring networland IWQIS areperated and maintained by several IIHR scientific staff
members. These include:

9 Thomas Stouffler, Researf@issistantthomasstoeffler@uiowa.edu
Brandon Barquist, Shop Managbrandonbarquist@uiowa.edu

Samuel Debionne, Enginesamueldebionne@uiowa.edu

Ibrahim DemirPh.D Assistant Research Enginei@rahim-demir@uiowa.edu
Caroline Davis, Ph.D., Assistant Research Sciaatistinedavis@uiowa.ed
Christopher Jones, Ph.D., Research Engigbestophers-jones@uiowa.edu
Larry Weber, Ph.D., Professor and IIHR Direlaory-weber@uiowa.edu

=A =A =4 4 -8 A

Il. Monitored Parameters

A. Nitrate- and Nitrite-Nitrogen (NQ)) are ionic compounds of nitrogen and oxygen. These are
common contaminants of drinking water and affect the health of lakes and streams. Many
nitrogen compounds naturally exist in lakes, streams and groutetwiacluding nitrate and
nitrite. Nitrate is a negative ion consisting of one nitrogen atom and three oxygen atoms. It is an
essential plant nutrient. Because it is a relatively stable form of nitrogen, and because it is very
water soluble, it is the masommon form of nitrogen entering the stream network from
farmed fields. It is also present in municipal wastewater discharge, leakage from septic tanks,
and runoff from manure. Nitrate and nitrite (one nitrogen with two oxygen atoms) in drinking
waterpcda S 'y | OdziS KSFfGK NAaAa]l] F2NIAYyFryGa tSaa i
system has not developed a mature assemblage of microorganisms, and as a result, nitrate and
nitrite compete with hemoglobin for oxygen in the bloodstream. This condiidmown as
methemoglobinemia (blue baby syndrome). Very few methemoglobinemia cases caused by
contaminated drinking water have been reported in the United States since 1960. Incidence was
higher prior then. Drinking water nitrate and nitrite are measuéed & Yy AGNR ISy ¢ Ay (K
a limit set at 10 parts per million (mg/L) for nitratérogen and 1 mg/L for nitrit@itrogen.

Elevated\Q.in streams and lakes can upset the natural balance, leading to harmful algae
blooms and poor diversity of orgamis. Prior to European settlemedQO, levels in lowa

streams were likely less than 2 mg/L. Nitrite usually is not stable in the environment, especially
in streams, where it is quickly converted to nitrate. In lowa, abou®@® ofNC, originates

from nonpoint sources (mostly row crop and animal agriculture) with the balance coming from
wastewater treatment discharges, septic tanks, and natural sources.
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Nitrate-nitrite nitrogen (N@N) is measured using the Nitratax Plus SC Sensor (Hach Co.) with a
2 mm mmth length. The device works on the principle of ultraviolet (UV) light absorption. Both
forms of N@N absorb UV. As the concentration l

increases, absorption of UV also increases. A-bui
in photometer measures the primary beam, while
second beam of U\ght provides a reference
standard and corrects for interference caused by
turbidity (cloudiness) and dissolved organic
material. The optic windows of the device are
automatically cleaned at a defined interval using &
wiper, operating much like the windsid wiper of
automobile. N@N is quantified in the range of 0.1
26 mg/L in 0.1 mg/L increments. FigBillustrates
the Nitratax sensor.

Figure3: Nitratax Plus SC

. Turbidity. Soil particles obstruct the transmittance of light through water and impart a property
known as turbidity Turbid water is cloudy water. Turbidity is measured in Nephelometric
Turbidity Units (NTUs). Clear water like drinking water has a turbidity less than 1 NTU. Muddy
floodwaters can have turbidity greater than 1000 NTU. A few rivers are naturally muday. Th
Missouri River, for example, was very muddy prior to dam construction and channelization, and
its aquatic life was adapted to that condition. Most lowa streams, however, likely ran clear (less
than 10 NTU) before the prairie was broken. Excess cloudiadases diversity of fish and

other organisms in our lakes and streams.

Turbidityis measured using a DL Turbidimeter
(Figured) provided by Stevens Water Monitoring
Systems. A continuous beam of light is transmitted
through the water being measude Suspended (not
RAaazt 9SRO &a2f AR LI NIAOf Sa
The scattered light is measured at a 90 degree angle
to the transmitted beam. The scattered light is then
converted to standardized NTOhe DTSL2 also
measures temperature. It can m&are turbidity in

the range of 81600 nephelometric turbidity units
Figure4: DTS12 Turbidimeter (NTUs) at an accuracy of +2% + 0.2 NTU at <400 NTU
and +4% at >400 NTU. Precision is 0.01 NTU.

. Temperature.Extremes of temperature, especially excess heat, are harmful to aquatic dife an
can lead to fish kills and other negative consequences. Because natural vegetation along the
stream bank (riparian area) has been altered, many lowa streams do not have shady areas and
suffer from heat stress.

Temperature is measured using an electrahermometercontained within the HydrolablL4
multiparameter water quality sensor (OTT Hydromet).ltiple measurement probes are
contained with the sonde (Figu). Temperature is measured frord to 50C at an accuracy of

8| Page
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+ 0.10 and precision of 0.01Gthvan electronic thermometerConversionbetween Celsius and
Fahrenheit scale are shovim Table Ibelow.

Degrees Celsius Degrees Fahrenheit
0 32
10 50
20 68
30 86

Table 1: CelsiuBahrenheit conversions

. Specific Conductance (S€)reated by the gsitive and negative ions of dissolved salts. lons
enable water to conduct electricity. Water with high SC is salty and harmful to freshwater
organisms. SC greater than about 1000 microsiemens (uS) would likely be stressful to aquatic
life. Excess SC cae taused by stormwater runoff (road salts), wastewater discharges, and
manure runoff.

High-conductivity (high levels of salts or ions) water transmits electricity much better than water
without ions. To measure conductivity, a current is induced acrosstectrodes. The amount

of electricity that is conducted from one electrode to the other is converted to conductiity.

SC probe is contained within the Hydrolab HL4 and is measured inside a temperature rénge of
to 50C with temperature compensatioRange of SC measurement {&@ milliSiemens per
centimeter (mS/cm) with an accuracy+.5% of reading + 0.001 mS/cm and a precision of
0.001 mS/cm.

. pHis the measure of acidity or alkalinity in the water. A pH of 7 is exactly neutral; lower than 7 is
acid, higher than 7 is basic (alkaline). Most lowa waters are slightly to moderately alkaline (7.5
8.5) in their natural condition. pH tends to be slightly higher in the summer. In a lake or stream
plagued by algae, pH levels can vary greatly between dayaimd nighttime. This stresses the

other organisms.

pH is measured using an iselective electrodeontained within the Hydrolab Hlat an

accuracy of0.2 and precision of 0.01 unjpH is a logarithmic conversion of hydrogen ion
concentration. The eleobde allows passage of hydrogen ions, and only hydrogen ions, from the
measured water to the electrode itself, where a voltage is measured and converted to the pH
scale.

Dissolved oxygen (D@3 needed by fish and other aquatic life. Decomposition of miga
material from wastewater discharges or manure consumes DO. Ammonia and-nitragen
also consume oxygen. Algae blooms affect DO levels by giving off oxygen in the day but
consuming it at night. When DO drops belows parts
per million, fish begino die. Fish like carp and bullhead
can tolerate much lower DO levels than desirable speg
like smallmouth bass and walleye.

Dissolved oxygen (DO) is measured using the principle:
luminescence quenching by oxygera probe contained
within the Hydrdab HL4 Measurement range is-60

Figure5: Hydrolab HL4

9| Page



mg/L, although natural waters rarely exceed 10 mg/L. Accuracy is +0.1 mg/L at DO < 8, +0.2
mg/L at DO > 8. Precision is 0.01 mg/L.

lll.  IIHR Water Monitoring NetworlSites

A. Equipment Deployment

Nearly all monitoring sites aiiaterior streams. Equipment is deployed such that sensors are
immersed in flowing water. Care is taken to deploy the sensors in spots where the risk of
damage due to river debris and vandalism is low. Most sensors are removed in late fall to
prevent ice danage.llHR scientists and technicians have developed anteaisstall package
system for instrument power, control, and data transmission that facilitates simple and rapid
deployment of equipment.

The sensors themselves reside within PVC pipe, perfosaid¢tat the flowing stream can
continuously bathe the sensor with fresh water. Solar panels, deep cycle batteries, and data
loggers are situated on the adjacent stream bank. Data is conveyed back to IIHR in lowa City via
cell phone signals. Figuédllustrates a typical deployment.

Figure6: Typical deployment of sensor equipment at IIHR monitoring site

B. Site Selection
Sites are selected based on a number of factors:

1 Some sensing equipmeig/was funded specifically for a research propasgbrojectin a
selected watershed.

1 Major interior river sitesare selected based orheir strategic importancéor nutrient load
estimations.

10| Page



9 Significance of the stream for recreation, municipal water supply, or other designated uses.
9 Suitability of the site for sensor equipment, i.e. security, water depth, etc.
1 Requests from outside stakelders.

Thenumber and location of IIHR monitoring sites can vary from week to week depending upon
research needs, equipment maintenance, and other factbakle 2 below and the map shown

in Figure? illustrate sites monitored in 2015. Water quality datmng with additional

information about each site can be found later in this report.

Code Name Years Monitored
WQS0001 | lowa River at lowa City 20122015
WQSO0002 | Clear Creek at Coralville 20122015
WQSO0003 | Clear Creek near Oxford 20122015
WQS0004 | Unnamed Clear Creekriibutary near Homestead 20122014
WQS0005 | English River near Kalona 20122015
WQS0006 | lowa River near Lone Tree 20122015
WQSO0007 | Cedar River near Conesville 20122015
WQS0008 | Slough Creek CREP Wetland outlet near Orchard 20132015
WQS0009 | Otter Creek at Elgin 20132015
WQS0010 | Skunk River at Augusta 20132015
WQS0011 | Clear Creek nealomestead 20142015
WQS0012 | Slough Creek CREP Wetland inlet near Orchard 20142015
WQS0013 | Beaver Creek near Bassett 20142015
WQS014 | Beaver Creehkear Colwell 20142015
WQS015 | Otter Creek near Elgin 20142015
WQS016 | Otter Creek near West Union 20142015
WQS0017 | Brockcamp Creek near Ft. Atkinson 20142015
WQSW019 | S. Chequest Creek near Douds 20142015
WQS020 | Mississippi River near Fairport 2014-2015
WQS021 | Rapid Creek near lowa City 20142015
WQ®022 | Rapid Creek tributary near lowa City 20142015
WQSW023 | Wapsipinicon River near DeWitt 2015
WQS024 | South Fork of the lowa River near New Providence 2015
WQS0025 | South Fork of Catfish Creekar Dubuque 2015
WQS0026 | Middle Fork of Catfish Creek at Dubuque 2015
WQS0027 | Lime Creek near Brandon 2015
WQS0028 | Des Moines River near Boone 2015
WQS0029 | Alluvial Well near WQS00028 2015
WQS0030 | Spring at Manchester Fish Hatchery near Manchester 2015
WQS0031 | Big Spring near Elkader 2015

Table 2: 2015 monitoring sites.
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Figure7: lowa Continuous Monitoring Sites. Sites with numbers greater than 0031 are future
deployments planned for 2016.

Maintenance and Quality Control

Sensor output is monitoreR F A f @ @Al L2 vL{
non-sensical data or obvious malfunction is indicated, staff visit the site. Many times the problem
can be resolved on site. If not, the equipment is retrieved and returned to Oakdale, vapzies

are made if possible. If IHR staff are unable to make repairs, the device is sent to the
manufacturer for repairs. It is important to recognize that this equipment is exposed to harsh
conditions very much unlike traditional measurement condiséound in a laboratory. Thus,
equipment does malfunction from time to timend at a higher frequency than lab measurement
equipment.Downtimecreates gaps in data during the monitoring seas@ervice contracts are
maintained with the manufacturer®r the most critical equipment, so that data gaps are kept to

a minimum.
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recommendations. Equipment is checked with known concentration solutions at the Oakdale

facility. Becaus of keen interest from the public, and because many research projects focus on it,

special attention is given to the Nitratax units andM@asurementsEach nitratax site is visited

at least once every six weeks. Instrument components are checked lavest; and a grab water
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sample is collected from the stream, with the date and time noted. This sample is then analyzed
by the State Hygienic Laboratamd the result compared to the Nitratax result at the time of
sampling. If problems are indicated etiNitratax unit is calibrated and/or serviced. These
comparative results are archived and accessed when necessary.

Other notes on data:

1 Although the monitoring season can vary from year to year and site to site based on
weather and maintenance considerafici G KS Y2y AG2NAy3 daSlazyé
through October. Some data is reported outside this window. Quality Control examination
of all data was conducted from March deployment (variable date from year to year)
through October 31 for monitoringears 20122015 using all available data/infoation
for each site, including IIHR field site notes, discharge and gage height,
weather/precipitation conditions, system health variables (e.g., battery voltage), and
acceptable limits/thresholds for each mesied parameter.

1 Temporal plots in the appendix figures show both approved data (red color) and raw or
omitted data (gray color). Omitted data was not otherwise used in this report for
calculations or for monthly statistics.

1 Data was filtered to a 15 minutata interval, and matched to USGS discharge data where
available.

1 Missing data or gaps in the record for nitrate concentration and/or discharge were
estimated using linear interpolation. A data success or interpolation percentage is
available upon requédor each month/year combination monitored. For example, for site
WQSO0002 during September 2012, 6.7% of the N concentration data and 7.5% of the Q
data was estimated by linear interpolation.

1 The full dataset, consisting of measured and estimated (orpatated) values, was used
to calculate the monthly statistics for each site. This includes site data presented on the
individual site pages, the Nitrate summary tables, and the box plots included in the
appendix figures.

1 N Load and Yield calculations wegaried out using an integral of the 15 minute data (N
concentration and Q) for each month.
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Part Two:
Water and Climate Data
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