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Executive Summary

From the Stanley Building situated on the banks ofltdvea Rivemt the University of lowallHR
Hydroscience and Engineering seekbecaresearchieaderin hydraulics, hydrology, water quantity and
water quality,and toeducate students to b&ture leaders in these areas. The education IIHR proyides
combined with hand®n engineering practice, attracts a vibrant international mistotients with a
rich variety of interests.
Recentdirectorsof the institute haveS y O2 dzZNJ 3SR LLI wQad FdzZNIKSNJ RS@St
strengths of the past into an expanding and complex mneséarch, education, and public service
¢ 2 Rl & Qa appliedsagdRhed@etical studies, both of which have been enriched by computerized
collection and analysis of data and by numerical modeling techniques, has set the stage for a great
diversity of projects ranging from model studies of specific hydraulicttres to computational fluid
dynamics investigains of complex flow mechanisms.
The floods of 2008atayzedii KS ONBF A2y 2F LLIwQa L2gl Cft22R
center devoted to the study and research of floods. State appropriatiorymbination with various
AN yida IyR O2y i NI Olilnipdve Hodel dhdgitdking abdpre@dciiocePabiltidshidi & § 2
lowa.
In 2012 the Flood Center extended efforts beyond water quantity issues into the pressing issue
of lowa water qualityA modest equipment purchase began the creation of what may be the largest
reaktime, continuous water quality monitoring network in the U.S. The timing was fortuitous, because
around this time a coalition of lowa stakeholders developed the lowa Nutrietiid®ien Strategy
(INRS), a science and technoldgsed approach to assess and reduce nutrients delivered to lowa
waterways. The lowa Nutrient Research Center (INRC) supports this effort with research and science
0FaSR AYyTF2NNI (A 2y dofthefisst, &hd othier{stiitesih&/aléoked to daggide $or
their own efforts.
The INRC has created a very productive collaborative team, with overlapping and
complementary sets of knowledg&hellHRcontinuous monitoring networkar larger than its
beginnings iP012A & (G KS o061 0102YyS 2F (KS ! Tends ndtihelsénsbd ST T2 N
dataiscollectedi A lidz Ay L2gFQa NAODGSNE FyR A0NBIYazX FyR (K:
15 minutes. Water quality parameters comnip measured include nitrate concentration, turbidity,
temperature, specific conductance, pH, and dissolved oxygen concentration.
Researchers at IIHR have also developed anteasye web platform, the lowa Wateuality
Information System (IWQIS), o @8iS YA Y S GKS aSyaz2NJRIFIGFT &AYALLFN
Flood Information System. IWQIS displays neartiead data on nitrate and other water quality
variables from irstream sensors across lowa in a uendly, Google Maps interface. Thiddrmation
makes it possible fanterested lowans to use a scierbased approach when making decisions that
affect water quality. Water quality data from several USG& USDAnonitoring sites is collected by
IIHR and also displayed in IWQIS. All archiléR water quality is made available to upon request.
This report is a summary of data collected from 2012 to620th a special focus on 2@L
nitrate data. The report is theecondannual report, issued for public consumption in the first quarter of
eachyeart KA 4 &SI NRa NBLRZ2NI -AyO2HRSOIFE Odzi G 5 ¥ REf B ¥ 8 ND
proportionate contribution to nitrate loading in the Mississippi River Basin.

Larry Weber, Ph.D.

Director
March 1, 20¥
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Part One:
The [IHR Water Monitoring Nevork
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Overview

A. lowa Water QualityHistory

Prior to European settlement in the #@entury, lowa was covered witrairies,oak
savannahsyetlands and forests. Much of the landscape was internally drained, meaning that
rainfall and snowmelt drainedbtsmall depressional areas, rather than streaatworks
Groundwaterfed streams meandered across the landscape and likelghrallow andclear,
carrying low levels of sediment and nutrienf&vers easily spilled out into the flood plain after
heavy raiis, and river banks reegetated during drought, reducing streambank erosion.

Over several decades, the native prairie was broken and cultivated for corn, oats and alfalfa, and
a few other minor crops. Soil erosion was intense in the first years following & t RQa Odz (A @

CNRY GKS LISNA2R 2F myyn (2 mMpHnI Ylye 2F L2gl Q
pipes. Thisvasmost common in the recentlglaciated area of nortitentral lowa known as the

Des Moines Lobélany new streams were comsicted in ditches to drain water externally to

the river network. Many existing streams were straightened to facilitate crop production.

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

The loss of the native ecosystems, stream straighteaimdjincisionartificial drainage, and
discharges from industrieend municipalities degraded water quality. Although the decline in
g GSNI ljdz f AGE LINRPolFoteé &adzwaARSR Ay GKS SIENIeé wm
sediment than most people find acceptable.
B. lowa Landforms

¢2 GKS dzy i NI A ysBaRe nfagl&K unifongThé@hbmogeneftyRof the corn and
soybean landscape masséignificant landscape differences that exist across the sfidiere are
seven major landforms in lowa, all shaped by glacial, wind, river and marine environments of
the geologc 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 cehtmava contain high levels of nutrients.
Southern lowa streams are muddier as the Loess soils of this area are easily eroded.
Descriptions of lowa Landforms follow, along with a map showing their location.

Ly 6 S3&0 Sokgs Hllgghizhk depdsits of wd-blown silt (loess) form a unique landscape
feature. The Loess was carried around by Missouri River floods and ground 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 milesorth to south.The soil is fertile but easily erodible.

TheDes Moines Lobgvas formed during a brief period of glaciation in lowa, from 15,000 to
12,000 years ago. The melted glacier left behind a poorly drained landscape of wetlands and
potholes, withabundant clay and peat soils. Curved bands of ridges and knobby hills contribute
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to agently rollinglandscapeThe Des Moines Lobe is part of the Prairie Pothole Region that
extendsfrom the city of Des Moines north and west to into Albeltéost of thepotholes have
been drained with ditching and
underground tile lines to make
way for agriculture. Agriculture
also created many streams
here that did not exist prior to
European settlement.

a
i/

o 1 o
’ 0 rﬂ:ﬁ?t lév\:a g_l‘z\am 1§
] 7 il (

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 slags and low relief characterize thewan Surfaceof Northeast lowa. This
area was a prehistoric tundra when the Wisconsin glacier covered the Des Moines Lobe area
15,000 years ago. Drainage is well developed but slow because of the low relief. Thusf many o
the farmed fields are artificially drained with tile to enhance crop production. A mantle of silt
and sand dominates, likely deposited by persistent northwesterly winds blowing off the
Wisconsin glacier. Some soils may have formed under forest, rathargdtairie.

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 af 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 fatate (1A, MN, IL, WI) Driftless Argehich

remained unglaciated during the last glacial advance over.|dlaarow valleys are carved into

the sedimentary rock of the Paleozoic Age. Dissolving limestone helped create a landscape of

caves, springs, and sinkholes. Groundwater wells in this areaaaily eontaminated by surface

activities.

The Mississippi and Missouri Rivdluvial Plainsseem disproportionately wide relative to the

river itself. This is because thevere originally formed by the huge floods that resulted from
melting glaciers. Slahs and oxbow lakes mark disconnected sections of the river channel.
Levees and artificial drainage enable crop production, although the sandy soils can sometimes
require irrigationduring drier years. Smaller versiooisthese alluvial plains can be fouatbng

some interior rivers.
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C. lowa Nutrient Reduction Strategy

Ly NBaLRyaS (2 GKS LlzofA0Qa RSaAANB F2NJ AYLINRGS
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) supports this effort with research and séehc@ SR A Y T2 N¥Y I G A2y «
strategy was one of the first, and other states have looked to it as a fpiidleeir own efforts.

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

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

D. IIHR Water QualityMonitoring

In support of the lowa Nutrient Reduction Strategy, and the backbone of the wyatdity
research at IIHR, is a networkwiéter-quality monitoring sites throughout lowdxpanding
from an initial 7 IIHR sites in 2012, the combined network (IIHR, USGS, i 8ipected to
surpass 80 water quality monitoring sites when fully deployed in 2017.

The water quality monitoring stations, designed and constructed by IIHR engineers and
researchers, employs the use of continudnisitu sensors hat provide near reatime data, on
parameters such as nitratncentration turbidity, temperaure, specific conductanceH, and
dissolved oxygen concentration.

Researcher at IIHR have also developed an etasyse web platform, the lowa Watepuality
LYF2NXVIGA2Yy {@aGSY oL2vL{0X G2 RA&AASYAYIFIGS GKS
lowa Flood Information Syste(iFIS) IWQISHisplays the near redime water quality data from

in-stream sensors across the state of lowa in a disendly, Google Maps interfac&his new

interfacemakes it possible for all interested lowaiasview statewide water quality conditions,

andto use a sciencbasedapproach when making decisions that affect water qualityater

guality data from several US@8d USDAARSNonitoring sites iharvestedby IIHR and also

displayed in IWQIS. All archived IIHR water quality is made avaifadnerequest.

Reaitime monitoring by IIHR predates the INRC. The monitoriogram was an oféhoot of

the Lucille A. Carver Mississippi River Environmental Research Station (LACMRERS). LACMRERS
gra | RNBFY 2F Ada F2dzyRAy3d RANBOG2NE ¢l Gadz 1A
They obtained a generous grant of $1.2 imillfrom the Roy J. Carver Charitable Trust, which

represented the bulk of the building costs. LACMRERS opened in 2002.

5|Page



D—— —
\J p XD 20’ e
lowa River, lowa City, 1A D STATE OF IOWA
k Nitrate + Nitrite as N Gauge (IIHR) £ Population 3,046,355
Sensor I0 : WOS0001 B - Land Area 55,872 sqmi
Recent Nitrate + Nitrite as N : 10.47 mg/L G viband Nitrate + Nitrite as N
Last Reported: Wed, Jan 13, 2016 10:45 am ' Centér Point . m— -
Vintd Nitrate- and Nitrite-Nitrogen are ionic compounds of
Nitrate + Nitrite as N mg/L nitrogen and oxygen. These are common
13 > Ce i contaminants of drinking water and affect the health
124 (218) P of lakes and streams. Read more...
Van Horne y u,
S e 5 (@  Cedargnds = v
10 MtVernon <
Ine; | E;J Clarence
) 110 111 112 Yesterday Today {550 Clinfon
Baxte| D
O Amana : E s O ) Sterl!
ANNUAL  MORE DATA S Tt )Ry i
80 2 m
williamgburg 1oWg City. \west Branch & ries Prohets Kg
3 Tampico
Prairie City @ Milto oza0t @
WesN foerty €3 Bettendg (@)
@3 & Davgapo
¢ &l
oo yssee) D 5 i
Thombur ® 3. D goeneseo
us =
What Cheer D ® @ ) ® Anngwan
@ o _ Sheffield
&) a
Colub{bus Cambridge
Junctleq (D}
Kewarjee
Joy  Aledo Viola
@arkllo N iNyikoston Woodhull Galva (33 Brj
&) foulon
\M/A:J;zl[l:s"h; @ Aexis il neide Wyoming
: o
Charitop 2} . €3 Fairfgld (32} Mediapolis w
X Galesburg AT
LEGEND & G 2 Princeville
Moravia &) /‘ Monmouth G4} Knoxville HEs)
(Q No Recent Data ) @ Duj
Q <smgl Burlin§ton @® 5 Abingdon
Q 5-10mgn Media =D Elmwood|
@ 10-15mgn enterville Roseville @9 y
g
@ 1520 mg/! Moulton Y i @9 Farmington
L von o
@ >20mg! &3 Fort MadeD @
@D LaHarpe \
Q USGS Gauge (wlo dot) L = 28 oo Bushnell ® Canton ® y@ 5|
@ IIHR Gauge (w/ dot) 9 \ >
Downing Cuba |
58 Memphis  Arbela s 3} Macomb ~
= = ! =

Figure2: Screenshot from the IWQIS website illustrating nitrate concentration in the lowa River at lowa Cit

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

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

equipment, and other equipment for largéver research. From this second contributi@anfew

nitrate sensors were deployed along and in the Mississippi River, in Clear Creek in Johnson
County, and for shotterm research projects. Fosites were monitored in Lake Odessa (SE

lowa) in 20112012 to assess nitrogen processing.

The current program of redime stream monitoring of interior streams began in 2012. That

year seven nitrate sensors were deployed at sites in the Lower lowa\Ratershed. In 2013,

three additional stream sites were added. Also in 2013, equipment was purchased with funding
from the Housing and Urban Development (HUD) (one sensor deployed on Otter Creek in NE
lowa) andadditionaldeviceswere funded by IIH® monitor a constructed wetlad in 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 (IDEBjtinued funding from INRC,
plus integration of sensors from the Agricultural Research Service (ARS) and Coe College,
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enlarged the network to a total &6 sites in 2016. Harvest of data from the USG&Ssitto the
IWQIS network made data available # sites throughout lowa.

The objectives of IIHR water quality monitoring are thfele:

1 Inform the water quality discussion in lowa with credildeiencebaseddata.

1 Quantify nitrogen loads transported from lowa wadbeds, whiclwill help track progress
toward water quality objectives outlined in the INRS.

1 Use accumulated data to conduct original research on water quality, hydrology, and land
use effects on low@ ground and surface waters

E. Staff

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

1 Jason McCurdy, Research Assistdasoamccurdy@uiowa.edu

Thomas Steffler, Researci\ssistantthomasstoeffler@uiowa.edu

Samuel Debionne, Engineeamuetdebionne @uiowa.edu

James Memeier, Ph.D., Assistant Research Sciendisiesniemeier@uiowa.edu
Ibrahim DemirPh.D Assistant Research Enginei@rahim-demir@uiowa.edu
Caroline Davis, Ph.D., Assistant Research Sciamatistinedavis@uiowa.edu
Christophe Jones, Ph.D., Research Engineleristophers-jones@uiowa.edu
Larry Weber, Ph.D., Professor and IIHR Direlaory-weber@uiowa.edu

= =A =4 -4 -4 -4 -4

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 groundwater, inglndiate 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 most common forai 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
water pose anacute®l f 6 K NRA &1 F2NI AyFlyda tSaa GKIFIYy ¢ Y2
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 condition is known 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
KAIKSNI LINA2N) 6KSYyd S5NAY1AYT 6 GSNI YKINKES! oy R
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 organisms. PrioEiaropean settlementNO, levels in lowa
streams were likely less than 2 mg/L. Nitrite usually is not stable in the environment, especially
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in streams, where it is quickly converted to nitrate. In lowa, abou®@% ofNQO, originates
from nonpoint sourcegmostly row crop and animal agriculture) with the balance coming from
wastewater treatment discharges, septic tanks, and natural sources.

Nitrate-nitrite nitrogen (NQ-N) is measured using the Nitratax plus sensofHach Co.) with a
path length2 or 5 mm, depending on the modédlhe device works on the principle of ultraviolet
(UV) light absorption. Both forms of N3 absorb
UV. As the concentration increases, absorption o
UV also increases. A biilt photometer measures
the primary beam, while a second beam of UV ligh
providesa reference standardThe optic windows
of the device are automatically cleaned at a define
interval using a wipetNQ-N is quantified in the
range of 0.350mg/L in 0.1 mg/L increments. Figur
3illustrates the Nitratax sensor.

- . . Figure3: Nitratax Plus SC
. Turbidity. Ssdimert particles obstruct the g

transmittance of light through water and impart a property known as turbidity. Turbid miate
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 muddy. The Missoter,Ror 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 cloudiness reducesrslityeof fish and other organisms in our lakes and
streams.

Turbidityis measured using a D'L3turbidity sensor
(Figured) from Forest Technologgystems. A
continuous beam of light is transmitted through the
water being measured. Suspendgubt dissolved)

da2f AR LI NIAOfSa aaol GdadSNE
light is measured at a 90 degree angle to the
transmitted beam. The scattered light is then
converted to standardized NTUhe DTSL2 also
measures temperature. It can measure turbydit

the range of 81600NTUat an accuracy of +2% + 0.2
Figure4: DTS12 Turbidimeter 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 life and
can lead tdish 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.
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Temperature is measured using an electronic thermometertained within the HydrolalDS5X
multiparameter water qualitysonde (Ott Hydromet). Mdtiple measurement probes are
contained with the sonde (Figuf. Temperature is measured frorb to 50C at an accuracy of
+ 0.10 and precision of 0.01C with an elenic thermometer Temperature measurements are
made interchangeably in degree Celsiug-ahrenheit, but are shown on IWQIS in Fahrenheit.
Conversiondetween Celsius anBlahrenheit scale are shovim Table lbelow.

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

Table 1: Celsiusahrenheit conversions

. Specific Conductance (S€)reated by the positive andegative 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 can be causedidayrsvater 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 across two electrédesamount

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

SC probe is contained within the Hydrolab HL4 and is measured inside a temperature rénge of
to 50C with temperature compensation. Range of S@surement is €L00 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, highertan 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 daytime and mighfthis stresses the

other organisms.

pH is measured using an igelective electrodeontained within the HydrolabS5xat an

accuracy of0.2 and precision of 0.01 unpH is a logarithmic conversion of hydrogen ion
concentration. The electrode allowsigsage 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@ needed by fish and other aquatic life. Decomposition of organic
materialfrom wastewater discharges or manure
consumes DO. Ammonia and nitrtérogen also
consume oxygen. Algae blooms affect DO levels by gi
off oxygen in the day but consuming it at night. When
DO drops below-% parts per million, fish begin to die.
Fishlike carp and

Figure5: Hydrolab HL4




bullhead can tolerate much lower DO levels than desirable species like smallmouth bass and
walleye.

Dissolved oxygen (DO) is measured using the principle of luminescence quenching byiroxygen
asensorcontained within the HydrolabS5x Measirement range is %0 mg/L, although

natural waters rarely excee2D 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 are interior stms. 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 damageAlthough each site deployment is unique to the specific site conditions,
IIHR researchemnd technicians have developed an e&synstall package system for
instrument power, control, and data transmission that facilitates simple and rapid deployment
of equipment.

The sensors themselves reside within PVC pipe, perforated so th#btiag 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
cellmodem FigureS illustrates a typial deployment.

Figure6: Typical deployment of sensor equipment at IIHR monitoring sit

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

1

T
T
T

Some sensing equipmeig/was funded specifically for a research propasgbrojectin a

selected watershed.

Major interior river sitesare selected based on their strategimportancefor nutrient load
estimations, including proximity to USGvater discharge measurement locations.
Significance of the stream for recreation, municipal water supply, or other designated uses.
Suitability of the site for sensor equipment, i.e. security, water depth, etc.

Requests from outside stakeholders.

Thenumber and location of IIHR monitoring sites can \dipending upon research needs,
equipment maintenance, and other factoiRigure 7below and the map shown ifiable 2

illustrate sites monitored in 2@ Water quality data along withdalitional information about
each site can be found later in this report.
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Figure7: 2016 Sensor Deployments
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Code Name Years Monitored
WQS0001 lowa River at lowa City 20122016
WQS0002 Clear Creek at Coralville 20122016
WQS003 Clear Creek near Oxford 20122016
WQS0005 English River near Kalona 20122016
WQS0006 lowa River near Lone Tree 20122016
WQS0007 Cedar River near Conesville 20122016
WQS0008 Slough Creek CREP Wetland outlet near Orchard 20132016
WQS0009 Otter Geek at Elgin 20132016
WQS0010 Skunk River at Augusta 20132016
WQS0011 Clear Creek near Homestead 20142016
WQS0012 Slough Creek CREP Wetland inlet near Orchard 20142016
WQS0013 Beaver Creek near Bassett 20142016
WQS0014 Beaver Creek near Colwell 20142016
WQS0015 Otter Creek near Elgin 20142016
WQS0016 Otter Creek near West Union 20142016
WQS0017 Brockcamp Creek near Ft. Atkinson 20142016
WQS0018 Roberts Creek near Elkader 20142016
WQS0019 S. Chequest Creek near Douds 20142016
WQS0020 Mississippi River near Fairport 20142016
WQS0021 Rapid Creek near lowa City 20142016
WQS0022 Rapid Creek tributary near lowa City 20142016
WQS0023 Wapsipinicon River near DeWitt 20152016
WQS0024 South Fork of the lowa River near New Providence 20152016
WQS0025 South Fork of Catfish Creek near Dubuque 20152016
WQS0026 Middle Fork of Catfish Creek at Dubuque 20152016
WQS0027 Lime Creek near Brandon 20152016
WQS0028 Des Moines River near Boone 20152016
WQS0029 Alluvial Well near WQS00028 20152016
WQS0030 Spring at Manchester Fish Hatchery near Manchester 20152016
WQS0031 Big Spring near Elkader 20152016
WQS0032 Middle Raccoon River near Panora 2016
WQS0033 Des Moines River near Keosaugua 2016
WQS0034 Cedar Creek near Batavia 2016
WQS065 Miller Creek near LaPorte City 2016
WQS0036 Thompson Fork near Davis City 2016
WQS0037 East Nishnabotna River near Brayton 2016
WQS0038 Squaw Creek near Ames 2016
WQS0039 Boone River near Goldfield 2016
WQS0040 Boyer River near Logan 2016
WQS0041 Little Sioux River near Turin 2016
WQS0042 Maple River near Mapleton 2016
WQS0043 Floyd River near James 2016
WQS0044 East Nishnabotna near Riverton 2016
WQS0045 Des Moines River near Stratford 2016
WQS0046 Walnut Creek near Prairie City 2016
WQS0047 Walnut Creek near Prairie City 2016
WQS0048 Tipton Creek near Hubbard 2016
WQS0049 Chequest Creek Douds 2016
WQS0050 West Fork Crooked Creek near Washington 2016
WQS0051 Beaver Creek near Eldora 2016
WQS0052 Stormwater tile, McLoud Run near Cedar idap 2016
WQS0053 Walnut Creek near Kelley 2016

Table 2:11IHR2016 monitoring sites.
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Maintenance and Quality Control

Sensor output is monitored daily via IWQIRI an IWQIS Administrative Paaéthe University of
L2é¢l Qa hl | Rheh Sonsénsidalddiz obobvious malfunctionrnislicated, staff visit the
site. Many times the problem can be resolved on site. If not, the equipment is retrieved and
returned to Oakdale, where repairs are made if possible. If IIHR staff are unable to make repairs,
the device is sent to the manufacturar repairs. It is important to recognize that this equipment

is exposed to harsh conditions very much unlike traditional measurement camglfii@nd in a
laboratory. Thusequipment does malfunction from time to timend at a higher frequency than

lab measurement equipmenDowntimecreates gaps in data during the monitoring season.

Service contracts are maintained with the manufactufersthe most critical equipment, so that

data gaps are kept to a minimum.

All equipment is checked, calibrated, anti h y G A Y SR | OO2NRAyYy3 G2 GKS
recommendations. Equipment is checked with known concentration solutions at the Oakdale
facility. Because of keen interest from the public, and because many research projects focus on it,
special attention is giveto the Nitratax units and NOneasurementsEach nitratax site is visited

at least once every six weeks. Instrument components are checked at each visit, and a grab water
sample is collected from the stream, with the date and time noted. This samplerisatialyzed

by the State Hygienic Laborataapd the result compared to the Nitratax result at the time of
sampling. If problems are indicated, the Nitratax unit is calibrated and/or serviced. These
comparative results are archived and accessed when napess

Other notes on data:

1 Although the monitoring season can vary from year to year and site to site based on
6SFGKSNI YR YIFIAY(iSylryOS O2yaARSNI GA2yaz
through October. Some data is reported outside this wind@uality Control examination
of all data was conducted from March deployment (variable date from year to year)
throughfall retrievalfor monitoring years 2012016 using all available data/infmation
for each site, including IIHR field site notes, disghand gage height,
weather/precipitation conditions, system health variables (e.g., battery voltage), and
acceptable limits/thresholds for each measured 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.

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

1 N Load and Yield calculations were carried 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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V.

Climate

A. Overview.

Land use has dramatically changed lowa stream hydrology and water quality over the past 175
years. Urbanization, along with conversion of the native prairies, wetlands and savannahs to
agricultural land has incesed loads of nutrients, sediment, and synthetic chemicals in lowa
waterways. However, larggecale conversion of uncropped land to cropped land mostly ended in
the 1970s. Since that time, land use change in lowa has been minimal. The exception to this is
around urban centers like Des Moinésnes and Cedar Rapittsva City where agricultural land
has been developed for housing and commercial uses.

Thus most of lowa has seen a relatively stable land use condition over the past 25 years,

especially in the moshtensely farmed areas like the Des Moines Lobe. The amount of land

ARt SR Ay (GKS ! {5!/Qa /2yaSNBIGA2y wSASNWBS t NR3IN
these acres have always been a relatively small percentage of the total.

Because the total amourmf cropped area has changed relatively little in recent decades, land

use effects on water quality have been relatively static. Even so, water quality can change

RN} YFGAOFEft& FNRBY @SINI (G2 &@SIFNE (GKAa 0SOFdzasS 2
wel G KSNJ aOF dzaSaé¢ o (SN |j dzl t Adlyear ingationsGire f@s#yR 2 NJ 0 |
driven by it in a largely unchanging landscape.

lowa has an extreme and dynamic climate characteristic of acadinental location. In fact,

lowa (especially thaorthern half) has some of the most extreme climate on earth. Precipitation
especially can be highly variable from year to year. Pollutant loadings tdmmhigher in wet

years, although high river flows can dilute the concentratiohsontaminants. Meement of
contaminants such as nitrate into the stream network tends to be far lower in dry years.
However, the warm, stagnant water resulting from a drought may be favorable for nuisance and
harmful algae blooms.

The narrative that follows summarizes loslamate from 20122015, the period of record here
for IIHR monitoring data.

. 2012

This year finished as one of the most extreme years in the lowa climate record. Statewide, it was
the second warmest year ever next to 1931, with majp-
locations, includingpes Moines, experiencing their
hottest year. Warmth in March was especially
remarkable, with the statewide average temperature
almost 17 degrees (F) above normal. In terms of
deviation from average, March 2012 was the second
most abnormal month ever in theecord (a frigid
February 1936 is first). Perhaps even more remarka
March was warmer than April in some locations.

Figure 8 Map showing extreme drought
conditions (darkest red) in September 2012
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The warm spring of 2012 was followed by one of the worst droughts in lowa history. Statewide
annual precipitation was more than 8 incheslow normal. This coupled with extreme July heat
and low soil moisture conditions carrying over from 2011 to produce severe drought nearly
statewide.

. 2013

More extreme weather followed the 2012 drought. A statewide average of 13.6 inches of rain
fell during April and May, more than double the average and two inches more than the previous
record for the two months combirte Many lowa farmers were unable to plant crops because of
wet fields. Nitrate levels in many lowa streams were higher than had ever ineasured.

Following a normal June, the weather turned extreme again. Less rain fell from July to
December than fell in April and May. Average temperatures for the year ended up about 2
degrees F below normal, with December being the most abnormal meittiégrees colder

than normal).

. 2014

Weather in 2014 was most notable for the severe winter (Dec Z82014). Statewide the

winter was the #-coldest after 1936, 1979, and 1978. The eastern 1/3 of lowa was especially
O2t R NB Tt SOt NI K2 NISONEEEA alikSHyil aF FSOGSR GKS
The year was wet, nearly eight inches above normal for precipitation. June was especially wet
with a statewide average rainfall exceeding 10 inches. Historic floods hit Northwest lowa during
this time.

. 2015

The big weather story in 2015 was precipitation. The first three months were extremely dry,
especially March. After a normal April, the skies opened and rainfall from May through
September was far above average. A few stations, especially in theangsouth, experienced
their wettest year ever. Bedford, IA near the Missouri border received an amazing 63 inches of
rain in 2015. Many cities near the Misseiississippi divide saw rainfall exceeding 50 inches.

Statewide annual temperatures were 1.&égtees above normal, but extreme heat was rare. The
year was the second consecutive without a 100 degree day anywhere in the state.

¢KS 3IANI LKA GKFEG F2ft2¢ Af€dzAGNI 0S G§SYLISNI GdzNS

zones. The water quality rative that follows will refer to these zones when discussing
weather effects on water quality data.

. 2016

Temperatures were above normal in all nine lowa climate regions during 3tdt@wide 2016

was 2.5 degrees (F) above normal and tfievarmest yeaever. Above normal days
outnumbered below normal days 245 to 121. However, extreme heat was rare with only one
100 degree day reported (Little Sioux, June 11). Extreme cold was also relatively rare, with an
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average of 14 days reported with low temperataress than zero, four fewer days than normal.
The coldest temperature reported wa®9 at Rock Rapids (December 18).

Precipitation however, was quite variable. Northern lowa saw very wet conditions with the year
ending well above normal in all three thile northern climate regions. Record rainfalls in August
and September in north central and northeast loled to major flooding in the Turkey,
WapsipiniconShell Rockand Cedar River WatershedSeveral north central and northeast

lowa cities experiered their wettest year ever, led by Charles City with 58.6 inches. Decorah
received 8.5 inches of rain on August 23 while Nora Springs received 10.6 inches on September
22.

Conditions were drier to south. All three Central lowa climate regions, alohghatSouthwest
lowa climate region, saw slightly above normal precipitation. The South Central and Southeast
lowa climate regions were much drier with some areas experiencing mild to moderate drought
throughout the summer. For the year, these two climatgions finished below normal for total
precipitation. Some areas of southern lowa experienced their driest year since 1988.
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FigurelQ: Precipitation and Temperature for Northern lowa Regions, 21216
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Figure 2: Precipitation and Temperature foSouthern lowa Regions, 201156
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VI. Water Quality
A. Data reported

The pages that follow illustrateitrate data collected at each IIHR monitoring gitem 2012 (or
when data collection began) through Z0Data for other parameters, including turbidity,
specific conductance, temperature, dissolved oxygen, and pH is also available in an appendix for
some sites, but is not presented in this narrative repBeople may request the nitrate and
other data in Excel format by contacting:
Christopher S. Jones
332 Trowbridge Hall, University of lowa
lowa City, 1A 52242
3193350589
Christophersjones@uiowa.edu

B. Definitions

Some important water quality definitions for interpreting the data include:

1. Concentration measured in milligrams per liter (mg/L), which is equivalent to parts per
million. Concentration is the mass of a contaminant per unit volume t¢énvalitrate and
YAGNRAGS I NB NBLRZNISR aalFla yAGNRISYéd bAGNIGS
atoms. It is common to convert their concentration to nitrogen as a way to standardize
reporting. The maximum amount of nitrogen in the nitratitrite form allowed in municipal
drinking water is 10 mg/L.

2. Load.Load is the total mass of a contaminant that passes angig@t on a stream within a
defined period of time. For the purposes of this report, the point on the stream is the
location ofthe nitrate sensor. The period of time is usually the total amount measured April
through October, unless otherwise noted. Load is a product of concentration and river
discharge. Usually the river discharge used is that measured by the nearby USGS discharge
gauge, unless otherwise noteldoad is reported in pounds of nitrogen present in the form
of nitrate and nitrite. Comparing load from year to year is illustrative of climatic and other
factors tha cause variability in water quality.

3. Yield.Yield is the amount of nitrogen transported in the river, per unit area of watershed
draining to the measurement site. Yield is reported here as pounds nitrogen per acre. Yield
is especially useful fmomparingnitrogen loss between different watersheds. It is
calculated by dividing the load by the total land area upstream of the sensor.

C. Figures and Graphs

Data is collected every 15 minutes for eaddter qualitysensorparameter Space limits how

this immense amount of datean be presented. Here we present data for the individual sites in
time series graphs and summary tables. The reader may notice sudden drops in nitrate
concentrations in the time series graphs. These drops are caused by rain events. Since rain and
overlandrunoff contain low levels of nitrate, compared to tile water and groundwater, stream
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nitrate drops during and immediately after rainstorms. These changes tend to be more dramatic
and of a shorter duration in small streams.

. Individual SiteSummaries
Thepages that follow contain time series graphs, watershed maps, and site summaries for the

IIHR sensor locationBollowing the individual report summariedqta tables summarize yeto-
year and sitego-site comparisonsalong with a narrative summary of 28 nitrate data
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NOx (mg/L)

Temp (C)

1. Site WQS0001 lowa River at lowa City

Site No. WQSs0001
Name lowa River near lowa City, lowa
Location Left bank of lowa River, 210 ft downstream of Dubuque Street bridge (41.6938, -91.5481)

WQ, Parameters

Nitrate + nitrite as N, turbidity, temperature, specific conductance, pH, dissolved oxygen

Period of Record

August 2012 — December 2016

Drainage Area

3147 sq mi

Funding Sources

IIHR, INRC

Significance

Co-located 2.6 mi downstream from USGS 05453520 (stage, discharge)
Measurement 260 ft downstream of DNR Ambient Monitoring Site (Storet ID 10520002)
Purpose & This site provides nitrogen-N load estimations for the drainage area above Coralville Dam, including

the Coralville Reservoir; contributing in part to statewide N-loading estimates related to the lowa
Nutrient Reduction Strategy. Data from this site is used to inform decisions at the lowa City water
treatment plant regarding water-supply use (e.g., Craig Meecham, Senior Treatment Plant
Operator, lowa City Water Division, City of lowa City). Discharge at this site is dominantly
controlled by US Army Corps of Engineers regulation of Coralville Lake levels and associated flow
from the dam.

% )}}Xk

with very small areas of the lowan

make the lowa one of the biggest

Wida

Maryville

DiscussionThis site receives water primarily from the
Des Moines Lobe and the Southern lowdtBtiain,

contributing. The headwaters of the lowa River are
drained extensively by field tiles and county tile mains
This contributes to a large load and yield of nitrate
delivered by the stream. High niteiconcentrations
along with discharges characteristic of a large river

Mississippi River Basin nitrate loads.

Surface also

contributors to
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2. Site WQS0002 Clear Creek at Coralville

Site No. WwWasooo2
Mame Clear Creek at Coralville, lowa
Location Left bank of Clear Creek, 16 ft upstream of Camp Cardinal Blvd bridge (41.6765, -91.5983)

WaQ Parameters
Period of Record
Drainage Area

Funding Sources

Mitrate + nitrite as M, temperature, specific conductance, pH, dissolved oxygen
May 2012 — Movember 2016

58 sg mi

IIHR, INRC, EPSCoR

Co-located USGS 05454300 (stage, discharge)

Measurement CZ0O/EPSCoR project-related ¥SI EXO water quality sonde deployed in-situ and water sampling of
storm events by isco water sampler.

Purpose & The Clear Creek watershed is a small (HUC10) tributary of the Lower lowa river watershed that is

Significance highly utilized by U of | researchers due to its close proximity to the U of | campus. Current

research projects, including funding from the Critical Zone Observatory Intensively Managed
Landscapes (CZO-IML) grant (A. Bettis, T. Papanicolagu) and EPSCoR (A. Bettis, A. Ward), provide
additional data and resources for WQSs data integration and analysis. The WQS0002 site is the most
downstream USGS gage station on Clear Creek, prior to Clear Creek entering the lowa River. This
site is one of three sites within the nested Clear Creek watershed.

VEn TIOME
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This Clear Creek site (vs the other two) is interesting in
that it has a large urban componenthe nitrate
concentration in streams such as this typically drops a
flows through the urban area, while specific conductan
increases due to street and storm sewer runoff (road
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SpC (uS/em)

3. Site WQS0003 Clear Creek near Oxford

Site No. WaQs0003
Name Clear Creek near Oxford, lowa
Location Left bank of Clear Creek, 10 ft upstream of Eagle Ave NW bridge (41.7182, -91.7403)

WQ Parameters | Nitrate + nitrite as N, temperature, specific conductance, pH, dissolved oxygen

Period of Record | May 2012 — November 2016

Drainage Area 61 sg mi

Funding Sources | IIHR, INRC, EPSCoR

Co-located USGS 05454220 (stage, discharge)

Measurement CZ0O/EP5SCoR project-related ¥S1 EXO water quality sonde deployed in-situ and water sampling of
storm events by jsco water sampler.

Purpose & The Clear Creek watershed is a small (HUCL10) tributary of the Lower lowa river watershed that is
Significance highly utilized by U of | researchers due to its close proximity to the U of | campus. Current

research projects, including funding from the Critical Zone Observatory Intensively Managed
Landscapes (CZO-IML) grant (A. Bettis, T. Papanicelaou) and EPSCoR (A. Bettis, A. Ward), provide
additional data and resources for WQ5s data integration and analysis. The WQS0003 site is the most
upstream USGS gage station on Clear Creek, above the Coralville station. This site is one of three
sites within the nested Clear Creek watershed.

Water quality in Clear Creek at Oxford is largely driven|
agicultural land use upstream from the site. Nitrate
levels tend to be higher than those at Coralville, where
low-nitrate urban runoff dilutes levels from the upstrea
areas.
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4. Site WQS00BENglish River near Kalona

Site Mo. WQsoo005
Name English River near Kalona, lowa
Location Left bank of English River, 5 ft downstream of Hwy 1 bridge (41.4694, -91.7144)

WQ Parameters | Nitrate + nitrite as N, temperature, turbidity
Period of Record | May 2012 — December 2016

Drainage Area 576 5q mi

Funding Sources | IIHR, INRC

Co-located USGES 05455500 (stage, discharge)

Measurement 11 mi upstream of DNR Ambient Monitoring Site (Storet |D 10820001)

Purpose & The English River is a large tributary of the lowa River, characteristic of an agricultural watershed in
Significance the Southern lowa Drift Plain. This site is an important location for IFC flood research and

reporting, and is part of ongoing research activities at IIHR. As of the 2016 monitoring season, this
site will be a Water Quality Initiative (WQl) project area funded through the lowa Mutrient
Reduction Strategy. In addition, nitrate measurements at this site contribute in part to statewide
N-loading estimates.

DiscussionThe English River is the second largest
tributary of the lowa Rivefthe Cedar River is the
largest). The watershed of the English River, however,
yields a significantly smaller amount of nitrogen on a p
acre basis. Again this is a reflection of landform, so
_ important when discussing lowa water quality. The
Sigowrney English Rivaewatershed lies entirely within the Southern
- lowa Drift Plain. There is less artificial drainage here, g
the soilshavesmaller amounts of nitrogegontaining
organic matter. This is manifested in lower stream
Fairfield nitrate levels when compared to Des Moinexk and

s lowan Surface streasn That said, the English River can
still have remarkably high nitrate levels at times.
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5. Site WQ8006 lowa River near Lone Tree

Site No. WaQs000e

Mame lowa River near Lone Tree, lowa

Location Left bank of lowa River, 17 ft downstream of Tri-County Bridge Rd bridge (41.4238, -91 4787)
WQ Parameters | Mitrate + nitrite as N, temperature, turbidity

Period of Record | June 2012 — December 2016

Drainage Area 4293 sq mi

Funding Sources | IIHR, INRC

Co-located USG5 05455700 (stage, discharge)

Measurement DMR Ambient Monitoring Site (Storet 1D 10580002)

Purpose & The lowa River near Lone Tree WQ5 site is a significant location for strategic load calculation to
Significance

guantify the lowa River watershed’s contribution of N-loading to the Mississippi River. This site is
located immediately upstream of the confluence with the Cedar River.

Nitrate- and Nitrite-Nitrogen are ionic col
nitrogen and oxygen. These are common
contaminants of drinking water and affe
J of lakes and streams. Read more...
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DiscussionThis is the last gauging station on the lowa
upstream from the Cedar River confluence. Nitrate
concentrations and yields ardgitly lower here than the
lowa Rivedlowa City location. This illustrates a dilution effeg
resulting from the English River, which has lower nitrate
levels characteristic of the Southern lowa Drift Plain.

This site will be strategically important in theming years as
a0OASyGAaGa ljdZ2 ydia¥fe b 2R
Comparing the lowa River watershed with the adjacent Sky
and Cedar River Watersheds will inform the discussion abg
farming practices and potential conservation practices.

Conceltration and per acre yields seem to be higher in the

Cedar and lower in the Skunk, when compared to the lowa
River.
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6. WQSO0007 Cedar River near Conesville

Site No. WaQsooo7
Mame Cedar River near Conesville, lowa
Location Right bank of Cedar River, 15 ft upstream of 231 5t bridge (41.4097, 91.2904)

WQ Parameters

Nitrate + nitrite as |

Period of Record

June 2012 — December 2016

Drainage Area

7787 =g mi

Funding Sources

IIHR, INRC

Co-located USG5 05465000 (stage, discharge)
Measurement DMR Ambient Monitoring Site (Storet 1D 10700001)
Purpose & This site is a significant location for strategic load calculation to quantify the Cedar River

Significance

watershed’s contribution of N-loading to the Mississippi River. This site is located immediately
upstream of the confluence with the lowa River. In conjunction with nitrate concentration
measurements at the USG5 gage (Cedar River, Palo), the N load contribution of the Middle and
Lower Cedar River watersheds can be estimated.

DiscussionReceiving water from both Minnesota and lowa, th
I SRFNJ wWA@SN) g 6 SNEKSR A& L2

River watershed ithe biggest). At almost 8000 square miles, i
is bigger than a few states. Although it is bigger than the
receiving lowa River, it is considered an lowa River tributary (¢
to the hydrology and geomorphology of the confluentae
Cedar drains primarilyhe lowan Surface, with small parts of th
Southern lowa Driftplain and the Mississippi Alluvial Plain
contributing.

Many recent conservation efforts have focused on the Cedar
River. Its importance as municipal water supply for Cedar Ra
and its large Montributions to the Mississippi Basin merit this

attention.

This site will be particularly important in the coming years as

aO0rASyiaAradta SadayrLidsS b f21Ra
K2g (GKAA NBEFIGSa G2 GKS adtl
7CRC - Nitrate
14
— 2016
12

[
[=]
L

NOx {mg/L)
o

4
2
0 T T ; T T : r
% A % % . S o) o)
2% % 4%» %ﬁ /L,‘;}, C/ON Cff’ %) %{‘ o 4/0{, %

28| Page



7. WQSO0008 Slough Creek CREP Wetland outlet near Orchard

Site No. Wasooos

Name Slough Creek CREP wetland near Orchard, lowa

Location Left bank of Slough Creek, 240 ft downstream of CREP wetland weir (43.2100, -92.7502)
WQ Parameters | Nitrate + nitrite as N, temperature, specific conductance, pH, dissolved oxygen

Period of Record | May 2013 — November 2016

Drainage Area 6 59 mi

Funding Sources | IIHR, INRC

Co-located 550 ft upstream of DNR Ambient Monitoring Site (Storet ID 15340015)
Measurement
Purpose & This site monitors the outflow of water from the weir of the CREP wetland on Slough Creek. The
Significance CREP wetland sites are important for demonstrating the effectiveness of constructed wetlands for
the purpose of reducing nitrate loads to the Cedar and Mississippi Rivers, which is a key intent of
the lowa Nutrient Reduction Strategy.
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Disassion:A 24acre constructed
wetland was completed at this site in
2012. The wetland is positioned along
Slough Creek which drains to a Cedar
River tributary, Spring Creek. Lowering
nitrate levels in the Cedar is critical
because of the downstream munieip
water supply in Cedar Rapids.

Researchers at IIHR have been studyin
water quality and nutrient processing in
the wetland since 2013. Work has
shown modest declines in the nitrate
traveling through the wetland,
especially after about June 1.

Nitrate inthe water entering the
wetland can exceed 20 parts per millior]
(ppm), more than twice the safe limit fo
drinking water. As the water warms in
late spring, however, this aquatic
vegetation and other life in the wetland
begins to process nitrate and seqters

it as organic material, or convert it to
harmless nitrogen gas whichrigleased
to the atmosphere. By the end of
the summer, nitrate levels in the
water leaving the wetland are less
than 2 ppm.

The wetland also provides critical
habitat for birds, refiles,
amphibians, and certain fishes. Birg
present include pelicans and
trumpeter swans.
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8. WQSO0009 Otter Creek at Elgin

Site No. WQsoo09
Mame Otter Creek at Elgin, lowa
Location Right bank of Otter Creek, 5 ft upstream of Cedar Rd bridge (42.9500, -91.7538)

WOQ Parameters | Mitrate + nitrite as N, temperature, specific conductance, pH, dissolved oxygen

Period of Record | June 2013 — November 2016

Drainage Area 46 5g mi

Funding Sources | INRC, HUD

Watersheds Project.

Co-located USG5 05411900 (stage, discharge)

Measurement

Purpose & Otter Creek is a tributary of the Turkey River in ME lowa. This site is one of three nested sites within
Significance the Otter Creek watershed operated by IIHR in 2016 and initially funded by HUD through the lowa
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DiscussionCurrentlyllHR researchers developed a
hydrograph separation model that uses nitrate
concentrations from three Otter Creek sites to exami
the contributions of tile drainage, groundwater and
surface/storm flow to the stream. Otter Creek is a
tributary of the Turkey River, and major lowa interior
stream.

This site is near the confluence of the Turkey. Being
furthest-downstream site of the three Otte€r sensors,
it has the lowest nitrate concentration, which is typica
as high nitrate water from the headwaters (tile
drainage) is diluted by lower nitrate groundwater
throughout the stream course.

This site is the only one of the three with a flow gaug
and load calculations.
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9. WQSO0010 Skunk ¥ar at Augusta

Site No. WaQso01o
Mame Skunk River at Augusta, lowa
Location Right bank of Skunk River, upstream of Perkins Rd bridge (40.7530, -81.2754)

WQ Parameters

Mitrate + nitrite as M, turbidity, temperature

Period of Record

July 2013 — December 2016

Drainage Area

4312 zq mi

Funding Sources

IIHR, INRC

Significance

Co-located USGES 05474000 (stage, discharge)
Measurement
Purpose & This site is located near the mouth of the Skunk River before its confluence with the Mississippi

River, and is a crucial load calculation site for the lowa Nutrient Reduction Strategy. There are
several Water Quality Initiative projects funded through the lowa Nutrient Reduction Strategy
upstream of this site, along with several medium-large point source discharges.
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DiscussionThe Skunk River is a major
interior stream and its watershed
200dzLA S& | 62dzi  y::
two major branches (South and North)
are independent, parallel rivers until the
combine southeast of Sigourney.

TheSkunk River is a study in contrasts.
The Des Moines Lobe headwaters,
despite very high nitrate concentrations
offer an excellent cool water fishery for
smallmouth bass. Between Ames and
Colfax, the stream has been straightene
and loses most of its biolagal integrity.
Downstream of Colfax, it is characteristi
of turbid, Southern lowa Drift Plain
Streams.

Nitrate concentrations can approach 14
mg/L at the mouth, quite high for a
watershed of this size. The Skunk River
also interesting in that it is anof the

few major rivers in lowa where water
quality is quite dependent on point
source pollution, at least during certain
times of the year. This site near the
Mississippi confluence will be important
when assessing load reductions that mg
resultfromR g+ Q& b dzli NR S
Strategy.
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10. WQSO0011 Clear Creek near Homestead

Site No. Wasoo11
Mame Clear Creek near Homestead, lowa 110CSAC - Nitrate
Location Right bank of Clear Creek, downstream of 190™ St bridge {41.7305, -91.9071) 14
WQ Parameters | Nitrate + nitrite as N, temperature, pH, specific conductance, dissolved cxygen —2016
Period of Record | April 2014 — November 2016 2
Drainage Area 10 sg mi _ 10 L
Funding Sources | INRC, EPSCoR é \
Co-located IFC CLRCRKO3 (stage) = g r
Measurement CZO/EPSCoR project-related ¥SI EXO water guality sonde deployed in-situ and water sampling of g 6
storm events by isco water sampler.
Purpose & The Clear Creek watershed is a small (HUC10) tributary of the Lower lowa river watershed that is 4
Significance highly utilized by U of | researchers due to its close proximity to the U of | campus. Current 5
research projects, including funding from the Critical Zone Observatory Intensively Managed
Landscapes (CZO-IML) grant (A. Bettis, T. Papanicelaou) and EPSCoR (A. Bettis, A. Ward), provide o
o i : ; L G At % B h h T % O G
additional datz and resources for WQ5 data integration and analysis. The WQ50011 site is one of % R % % % % % % w9 %
three sites within the nested Clear Creek watershed, and is the most upstream site on Clear Creek,
above the Oxford station.
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11. WQSO0012 Slough Creek Wetland Inlet near Orchard

Site No. WaQso012
Name Slough Creek near Orchard, lowa
Location Right bank of Slough Creek, 5 ft upstream of Hwy 218 bridge (43.2063, -92.73232)

WQ Parameters

Nitrate + nitrite as N, temperature, pH, specific conductance, dissolved oxygen

Period of Record | May 2014 — Movember 2016

Drainage Area 5 sg mi

Funding Sources | INRC

Co-located IFC SLOUGHCRO1 (stage)

Measurement DMR Ambient Monitoring Site (Storet 1D 15340014)

Purpose & This site monitors the inflow of water to the CREP wetland on Slough Creek. The CREP wetland
Significance sites are important for demonstrating the effectiveness of constructed wetlands for the purpose of

reducing nitrate loads to the Cedar and Mississippi Rivers.
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DiscussionA 24acre constructed
wetland was comted at this site in
2012. The wetland is positioned along
Slough Creek which drains to a Cedar
River tributary, Spring Creek. Lowering
nitrate levels in the Cedar is critical
because of the downstream municipal
water supply in Cedar Rapids.

Researchers dtHR have been studying
water quality and nutrient processing in
the wetland since 2013. Work has
shown modest declines in the nitrate
traveling through the wetland,
especially after about June 1.

Nitrate in the water entering the
wetland can exceed 20 parts per millior]
(ppm), more than twice the safe limit fo
drinking water. As the water warms in
late spring, however, this aquatic
vegetation and other life in the wetland
begins to process nitrate and sequeste
it as organic material, or convert it to
harmless nitrogen gas whichrieleased
to the atmosphere. By the end of
the summer, nitrate levels in the
water leaving the wetland are less
than 2 ppm.

The wetland also provides critical
habitat for birds, reptiles,
amphibians, and certain fishes. Bird
present include pelicans and
trumpeter swans.
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12. WQSO0013 Beaver Creek near Basset

Site No. WQs0013

Name Beaver Creek near Bassett, lowa

Location Right bank of Beaver Creek, upstream of Hwy 18 bridge (43.0668, -92 5283

W Parameters | Nitrate + nitrite as N, turbidity, temperature, specific conductance, pH, dissolved oxygen

Period of Record | April 2014 - present

Drainage Area 17 sq mi

Funding Sources | HUD

Co-located IFC BEAVEROL (stage)

Measurement

Purpose & Beaver Creek is a tributary of the Little Cedar and Cedar River in northeast lowa. This site is one of

Significance

contributions to the stream

two water quality menitoring sites within the Beaver Creek watershed that are currently being
operated by IHR and are funded by HUD through the lowa Watersheds Project. This site Is part of
a dense network of monitoring equipment that has been deployed to track watershed conditions
associated with the construction of small-scale flood mitigation projects. Research evaluates the
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DiscussionBeaver Creek is a
small tributary of the Cedar
River. The watershed is the site
of multiple IIHR research
projects associated with both
water quality and flooding. The
data from the Beaver Creek
nitrate sensors are interg¢ing in
that the downstream site has a
higher nitrate concentration
than the upstream site, which is
atypical of lowa watersheds.
Intriguingly, there is a
constructed CREP wetland
upstream of the Colwell site
(WQSO0014) that may be
producing this effect bjowering
nitrate concentrations in the
headwaters.

Six more CREP wetlands are
planned for the watershed in the
coming years which potentially
could lower nitrate
concentrations further.

There are no significant point
source inputs in the Beaver
Creek wateshed.

Reducing nitrate concentrations
in Cedar River tributaries is
important because of the
downstream municipal water
supply at Cedar Rapids.
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13. WQS0014 Beaver Creek near Colwell

Site No. Wasooi4
Name Beaver Creek near Colwell, lowa
Location Left bank of Beaver Creek, upstream of 155% St bridge (43.1341, -92.5675)

WQ Parameters

Mitrate + nitrite as N, turbidity, temperature, specific conductance, pH, dissolved oxygen

Period of Record

April 2014 — November 2016

Drainage Area

7 5¢ mi

Funding Sources

HUD

Significance

Co-located IFC BEAVERO3 (stage)
Measurement
Purpose & Beawver Creek is a tributary of the Little Cedar and Cedar River in northeast lowa. This site is ane of

two water guality monitoring sites within the Beaver Creek watershed operated by IIHR in 2018
and originally funded by HUD through the lowa Watersheds Project. This site is part of a dense
network of monitoring equipment that has been deployed to track watershed conditions
associated with the construction of small-scale flood mitigation projects.
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DiscussionBeaver Creek is a small tributar,
of the Cedar River. The watershed is the s
of multiple IHResearch projects
associated with both water quality and
flooding. The data from the Beaver Creek
nitrate sensors is interesting in that the
upstream (Colwell) site has a lower nitrate
concentration than the downstream site,
which is atypical of lowa watsheds.
Intriguingly, there is a constructed CREP
wetland upstream of the Colwell site
(WQSO0014) that may be producing this
effect by lowering nitrate concentrations in
the headwaters.

Six more CREP wetlands are planned for
watershed in the coming yeavghich
potentially could lower nitrate
concentrations further.

CREP WetlandS:he Conservation Reserve
Enhancement Program (CREP) is a
state/federal initiative to develop wetlands
which are strategically located using
computer technology and designed to
remove nitrate from tiledrainage water
from cropland. Removal of nitrate from
these waters helps protect drinking water
supplies and reduce hypoxia in the Gulf of
Mexico. The program is implemented in
cooperation with the USDA Farm Service
Agency (FSA) dris available in 37 Soil and
Water Conservation Districts (SWCD) in th
tile-drained region of Northern lowa.
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14. WQSO0015 Otter Creek near Hornet Road at Elgin

Site Mo. WaQs0015
Name Otter Creek at Hornet Rd near Elgin, lowa
Location Left bank of Otter Creek, 30 ft downstream of Hornet Rd bridge (42.9500, -91.7538)

WaQ Parameters

Nitrate + nitrite as N, turbidity, temperature

Period of Record

April 2014 — November 2016

Drainage Area

26 5q mi

Funding Sources

INRC, HUD

Co-located IFC OTTRCREKO3 (stage)

Measurement

Purpose & Otter Creek is a tributary of the Turkey River in NE lowa. This site is one of three nested sites within
Significance the Otter Creek watershed operated by IIHR in 2016 and initially funded by HUD through the lowa

Watersheds Project. Site discontinued November 2016.

DiscussionCurrently IIHR
researcherslevelopeda
hydrograph separation model
that uses nitrate concentrationg
from three Otter Creek site®t
examine the contributions of
tile drainage, groundwater and
surface/storm flow to the
stream. Otter Creek is a
tributary of the Turkey River, a
major lowa interior stream.

This site is about midway
between the headwaters and
GKS adaNBFYQa (
the Turkey. There is no flow
gauge.

Nitrate concentrations follow a
typical pattern of decline from
the headwaters downstream.
Nitrate levels here are midway
between those at the upstream
site and those downstream at
the mouth. This likely reflects
dilution of headwater tile flow
with lower nitrate groundwater
as the stream progresses
downstream.
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