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IIHR Water Quality Sensor Network
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lowa Water Quality Information System
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lowa Land Cover

2002 Satellite Data of Iowa Land Cover
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Pre-European Settlement Streams

Sandy or gravel bottom Wide, shallow streams

Gently-sloping banks

With vegetation Water table close

to surface
Perennial vegetation
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Hydrological Modification: 1860s-1910s

Hand digging tile, Boone Co. |A. ca 1914
Source: “An lowa album: a photographic history,
1860-1920° by M. J. Bennet, University of lowa Press,
lowa City, lowa
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Tiling field now







Source of the lowa River
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Stream Straightening, 1930-1975

N4
Channel 1930 STAGE | I
— Channel 2018 Premodified ¢
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STAGE IV
Degradation
and widening

STAGEV )

Aggradation
and widening

Green: 1000 meters
Red: 500 meters

f Direction of bank or bed movement
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Transformation of lowa Farms

WINNEBAGO
RESEARCH AREA
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Figure 19. Cover map of the Winnebago pheasant study area, 1976.
pheasant study area, 1941.
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8000 CAFOs

lowa Swine Operations

Swine Operations 2017
o
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Problem of Scale

* 70% of land Iin corn-soy rotation

» 11,000 square miles used for ethanol
production

* 25 million hogs

* 4 million beef cattle

» 80 million laying chickens

* 5 million turkeys

* 4 million broiler chickens

« 220,000 dairy cows
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Water Quality Conseguences

" Erosion
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Drinking Water
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Surface Water

s, -

L4

Lake Erie Algae Blooms

Gulf of Mexico Hypoxia

NASA file
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How a “dead zone” is created in the Gulf of Mexico

WHAT HAPPENS Plankton __ Plankton

€D The Mississippi
River carries nitrogen-
rich material — such as
fertilizer, urban runoff and
sewage — into the Gulf.

e
-

©) Populations of micro- &
scopic organisms that "0‘

feed on nitrogen boom.

9 Those organisms die and sink to
the bottom. Their decomposition
depletes the oxygen in the water.

O Fish and other mobile sea creatures flee the low-oxygen zone.
O Organisms that cannot flee die.

Source: U.S. Environmental Protection Agency Advocate graphic
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lowa Contributions

Land Draining to
Mississippi River

Land Draining to
Missouri River

Mississippi River Basin StyFrancisville, LA

Melvillef LA

Service Layer Credits: Sources: Esri, USGS,
NGA, NASA, CGIAR, N.Robinson, NCEAS,
NLS, OS, NMA, Geodatastyrelsen,

Rijkswaterstaat, GSA, Geoland, FEMA, 6 0 250 500 1,000 Kilometers

Intermap and the GIS user community l | | | | | | | |
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Missouri Basin: Nitrogen
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Upper Mississippi: Nitrogen
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Mississippi-Atchafalaya: Nitrogen
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How Much Nitrogen Leaves lowa?

5-Year Running Annual Average N Load (US Tons)

+100.0%
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lowa Statewide Nitrogen Inputs and Outputs
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@PLOS | one

RESEARCH ARTICLE

lowa stream nitrate and the Gulf of Mexico

Christopher S. Jones'**, Jacob K. Nielsen'*, Keith E. Schilling®, Larry J. Weber'®

1 IIHR-Hydroscience and Engineering, University of lowa, lowa City, lowa, United States of America, 2 lowa
Geological Survey, lowa City, lowa, United States of America

« These authors contributed equally to this work.

* Chnstopher-s-jones@
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 Single value index that objectively translates
a body of data into one value
» Concept dates to at least 1848

Two types:

*  Water Quality Index (high #’s for good water, low
#’s for bad water)

* Water Pollution Index (low #’s for good water,

high #’s for bad water)
IEIRCS 1

Engineering
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lowa

* WOQI created by DNR in 2005

* Modification of WQI created by the National
Sanitation Foundation

Parameter wal NSFwaQl
Biological Oxygen Demand (BOD) Yes Yes
Dissolved Oxygen (DO) Yes Yes
E. coli Yes No
Fecal coliforms No Yes
Nitrate as Nitrogen (NO3-N) No Yes
Nitrate + Nitrite as Nitrogen (NOx-N) Yes No
Pesticides Yes No
Temperature No Yes
Total Dissolved Solids (TDS) Yes Yes
Total Phosphorous (TP) Yes Yes
Total Suspended Solids (TSS) Yes No
Turbidity No Yes

IR

Hydroscience & Engine College of Engineering
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Figure 1: Aggregate IWQI Ratings for lowa Streams, 2000-2015
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College of Engineering
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Hydroscience & Engineering

Analysis of Iowa Water Quality Index
and
Proposed Alternative

Christopher 8. Jones, Ph.D., Research Engineer
University of Iowa IIHR. Hydroscience and Engineering

Richard J. Langel, M.S. Research Specialist
Iowa Geological Survey

IOWA

GEOLOGICAL
SURVEY

Hydroscience & Engineering

ITHR. — Hydroscience and Engineering
College of Engineering
The University of Iowa
Towa City. Iowa 52242-1585

Prepared for: Iowa Department of Namural Resources

Tuly 15, 2016
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2016-2020

>96=Excellent
81-95=Good
66-80=Fair
46-65=Marginal
10-45=Poor
<10=Very Poor

OF lowa
Hydroscience & Engineering College of Engineering
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IHR—H yd roscience & En C WQI Percent Change, 2016-20 versus pre-2016
Location group 2016-20 | change wqi | change DO ) 2
Wapsipinicon River at Independence Iowan Surface 51.6 5.1 -1.0
Bloody Run Cr at Marquette Paleozoic Plateau 50.6 -144 -1.7
Cedar River at Charles City Towan Surface 50.2 44 -1.8
Shellrock River at Shellrock Iowan Surface 49.8 -4.8 5.2
W. Fork of the Cedar River at Finchford  [lowan Surface 49.3 28 -4.7
Cedar River at Janesville Iowan Surface 48.0 -11.1 2.8
Boone River at Stratford Des Moines Basin Up 454 13 -4.3
Upper Iowa River at Dorchester Paleozoic Plateau 424 -14.7 84
Yellow River at Ion Paleozoic Plateau 424 -173 5.8
qu water qualit\' index Blackhawk Creek at Waterloo Iowan Surface 422 -0.2 0.0
- = Turkey River at Garber Paleozoic Plateau 414 5.5 -2.7
DO Dissolved °X}"§en Cedar River Downstream of Cedar Rapids |Iowan Surface 41.0 0.7 0.9
EC F. coli Des Moines River at Keosauqua Des Moines Basin Down 40.4 6.5 -1.8
~ . Wapsipinicon River at DeWitt Iowan Surface 39.8 -5.0 8.2
N Total nitrogen North River at Norwalk Des Moines Basin Down 39.6 | 230 21 ETR
P Total phosphorus Cedar River at Conesville Towan Surface 38.8 42 94 0.7 5.6 6.0
Turb Turbidity Wolf Creek at LaPorte City Iowan Surface 38.6 -74 1.0 -6.3 154
ere Beaver Creek at Grimes Des Moines Basin Up 38.0 44 38 -16.7 -26.8
less than 5% Change Thompson River at Davis City Missouri River Trib 37.6 -1.8 -4.0 0.5 5.8
Sto10% improvement Volga River at Elkport Paleozoic Plateau 37.6 7.8 3.7 4;; 7.4 25
- . Indian Creek at Colfax Towa-Skunk 374 -1.8 -1.9 -20. 3.6
- 10-.0%_' improvement Beaver Creek at Cedar Falls Iowan Surface 37.0 -16.7 -3.6 -7.1
|=20% improvement South Skunk River at Oskaloosa Towa:Skuuk 368 25 23 291 118 37
2-10% deterioration South River at Ackworth Des Moines Basin Down 36.0 -0.8 1.0 0.0 3.2
110-20% deterioration Iowa River Downstream of Marshalltown |lowa-Skunk 358 03 -0.9 3.5 -13.2
== Middle River at Indianol Des Moines Basin Down 35.2 7.0 -2.8 -19.6 -16.7 -6.6
_>20% deterioration Little Sioux River at Larrabee Missouri River Trib 352 -16.0 8.0 9.2 8.0
Cedar Creek at Oakland Mills Towa-Skunk 348 -112 0.0 12.1 -25.0 -6.9 -13.6
. . North Skunk River at Sigourney Towa-Skunk 348 -1.9 0.0 12.1 -1.7 -6.9 -13.6
3 / 44 I m p rOVI n g Iowa River at Lone Tree Towa-Skunk 348 -8.9 0.9 0.7
North Raccoon at Sac City Des Moines Basin Up 34.6 -3.6 2.8 -26.9 315
(> 5 0/ ) 0Old Mans Creek at Iowa City Iowa-Skunk 34.6 -14 -3.8 -18.8 3.6 450
0 South Raccoon River at Redfield Des Moines Basin Up 340 84 -1.8 6.8 -14.3 -36.0
South Skunk River at Cambridge Towa-Skunk 34.0 13 -1.9 233 -40.0
E. Nishnabotna at Shenandoah Missouri River Trib 338 24 -2.8 54 -19.1 422
0 English River at Riverside Iowa-Skunk 324 -5.0 1.0 94 6.3
W. Nodaway at Shambaugh Missouri River Trib 320 53 0.9 9.6 -17.5
1 6/ 44 < 5 A) C h an g e Little Sioux River at Smithland Missouri River Trib 29.2 -15.1 -2.8 9.4
N. Fork Maquoketa R. at Hurtsville Towan Surface 28.6 -6.8 -2.8 7.7
West Fork Ditch at Hornick Missouri River Trib 272 2.6 -1.9 8.8
Bover River at Missouri Valley Missouri River Trib 26.2 0.8 6.5 22 -36.6 -36.5
.. Rock River at Rock Valley Missouri River Trib 258 -3.8
2 5 / 4 4 d e Cl INnin g Soldier River at Pisgah Missouri River Trib 244 _10.0 0.0 445 -1.9 203
Flovd River at Sioux City Missouri River Trib 214 -1.0 6.8
0 Iowan Surface 429 -4.5 3.7 23
(> 5 A)) Paleozoic Plateau 429 -11.9 4.5 -14.8
Des Moines Basin Up 38.0 -1.6 -1.3 -11.2 -6.2 -15.9
Des Moines Basin Down 378 5.7 0.4 -5.9 -1.8 -13.7
L Missouri River Trib 29.3 -112 -3.0 48 7.9
The UNIVERSITY Towa-Skunk 35.0 -2.9 -1.0 35 -15.2 -4.8

I EI R~

Hydroscience & Engineering

| oF lowa
College of Engineering
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- Site Rank Map # 00-20
Wat e r Q u aI I ty I n d eX Wapsipinicon River at Independence 1 34 537
Cedar River at Janesville 2 29 51.7

% R 57 3 By, AT 3 & shellrock River at Shellrock 3 27 51.7

: F S 1 g : Cedar River at Charles City 4 26 48.9
Upper lowa River at Dorchester 5 22 481

Yellow River at lon 6 23 48.1

W. Fork of the Cedar River at Finchford 7 28 47.9

Boone River at Stratford 8 11 45.0

" Turkey River at Garber g 25 432

Beaver Creek at Cedar Falls 10 30 4327

 Blackhawk Creek at Waterloo 11 31 42.3

%Wapsi icon River at DeWitt 12 35 411

f‘ Waolf Creek at LaPorte City 13 32 41.0

4 Little Sioux River at Larrabee 14 3 40.3

Cedar River at Conesville 15 33 40.1

re Thompson River at Davis City 16 9 400

Wolga River at Elkport 17 24 399

Indian Creek at Colfax 18 17 379

Cedar Creek at Oakland Mills 19 19 37.4

North Skunk River at Sigourney 20 20 37.1

Beaver Creek at Grimes 21 12 36.8

South Raccoon River at Redfield 22 13 36.4

South River at Ackworth 23 15 36.2

South Skunk River at Oskaloosa 24 18 36.1

Morth Raccoon at Sac City 25 10 350

English River at Riverside 26 21 335

W. Nodaway at Shambaugh 27 a8 333

North River at Norwalk 28 14 33.1

E. Nishnabotna at Shenandoah 29 7 32.8

Middle River at Indiancla 30 15 324

Rack River at Rock valley 31 1 32.2

Little Sioux River at Smithland 32 4 31.6

M. Fork Maquoketa R. at Hurtsville 33 36 299

39 R L ,ITHE UNIVERSITY Floyd River at Sioux City 34 2 26.8
OF lowa Soldier River at Pisgah 35 5 26.4
Hydroscience & ngineering College of Engineering Boyer River at Missouri Valley 36 & 26.0
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How Do You Overcome Structural Drivers to Bad Water Quality?
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Confinements

Combined Operations

Open Feedlots
1-5003u (1,312) 0-500 3¢ (348) . 1-500 3u (1,324}
®  500-10003u(598 @  500-1000au (380 4 500-1,0003u(3792)
0 125 25 50 75 100
@® 1000-50003u(108) @ 1,000-50003u (396) A  1,000-50003u (3,288)
A 5000-20,000 3 (53] w
BN

) €. Hruby - 1/29/19

@  5000-20,00030 36

@ 20000-250000 (3)
Numbers in parentheses are the number of operations

® 5.000-20000au [29)
A 20000-800003u (1)
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40 HD[H] The UNIVERSITY
| oF lowa
College of Engineering
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More Diverse Farming Systems

Marsden Long Term Rotation Study-
ISU

Matt Liebman

Corn/Soybean/Oat/Alfalfa/Alfalfa vs Soil health is better

Corn/Soybean Tile nitrate 57% lower

N fertilizer use 91% lower Soil erosion 50% lower

Herbicide use 97% lower Fossil Fuel use 60% lower

Weed biomass similar Net returns similar (revenue lower but input

Soybean sudden death syndrome much lower costs also lower)

41 HD[H]RN’ ﬁT&Eél&;VEIEITY J
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Regulations?

1. Ban cropping in the 2-year Flood Plain

2. Ban fall tillage

3. Ban manure on snow and frozen ground

4. Make farmers adhere to ISU fertilization
guidelines

5. Reformulate CAFO Regulations

- IUWA IIHR-Hydroscience & Engineering
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Climate Change

Raccoon River Watershed Annual Precipitation (mm)

(>1000 mm 15 times)
(>1000 mm 1 time)

(<600 mm 2 times)

(<600 mm 9 times)

Hydroscience & Engineering College of Engineering ege of Engineering
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Minneapolis

Fort Worth Albuquerque St. Louis

Urbandale New Orleans
Ankeny

Cedar Rapids

- IUWA IIHR-Hydroscience & Engineering

Colorado Springs
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What do we want our production system to look like?

Commerce

Nutrition?
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