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IIHR Water Quality Sensor Network
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lowa Water Quality Information System
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Landforms

Photo credit: Katharine McCarville,
Upper lowa University
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Stream Density low on Des Moines Lobe
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16 Hand digging tile, Boone Co. I4. ca 1914
Hper) Source: An lowa album: 3 photographic history,
1860-1920° by M. J. Bennet, University of lowa Press,

lowa City, lowa
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$/year spent on new

Landform % of lowa’s Area N

tile
lowan Surface 16.9 $24,500,000
Des Moines Lobe 21.4 $5,845,000
Northwest lowa Plains 8.3 $2,272,545
Paleozoic Plateau 4.6 $3,580,862
Southern lowa Drift Plain 41.3 $33,837,580
Total 92.5 $70,064,878
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2 million miles of tile in lowa

Middle Cedar River Watershed
2014 Landuse (USDA)

1200 miles new tile/year!
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Paleozoic Plateau

Paleozoic
Plateau

owan Surface
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Driftless (Paleozoic Plateau)
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Karst

Blind valley Sinkholes
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Or 1OWA
Hpgrasciatoe L Eap meaing Collegre ol Evgincetliy

22 - ~ Ty UNIVERSITY ]

Images: IA Geological Survey



Research, Education, and Service

lIHR—Hydroscience & Engineering

@
lowan Surface

Paleozoic
o FALETT

/‘/0 %

&

v
. o¢”}p”r

= it Gl
2o Drift Plain

« Thin loess over

glacial drift
« Bedrock near the
surface e e e e s e : .
. W DR OENE mmam«-—nul—bammmn!ﬁ'hlnul_mmnrémmnmm-ulm ¢
*  Approximately level e ‘ :
but rolling e e e e e s e
« Glacial erratics i

S P (T T

Images: IA Geological Survey



Research, Education, and Service

lIHR—Hydroscience & Engineering

Glacial Erratics
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Northwest lowa Plains

Very similar to lowa Surface

» Erosion features shaped by severe cold and wind of Wisconsin glacier
Differences
* Thick loess
» Very few trees here
25 :I :I ~ e, UniversiTy
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Sioux Quartzite
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Alluvial
Plains

-Thick alluvial deposits

-level terrain along valleys
includes stream channels,
floodplains, oxbow lakes,
terraces, alluvial fans,
sand dunes

Or 1OWA
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Loess Hills
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Terrain Characteristics
* thick loess cover

* sharply ridged terrain
* high drainage density
* rapid surface runoff

* gully development
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Loess deposits can be very thick in lowa
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Southern lowa Driftplain

Terrain Characteristics

* Loess of varying

thicknesses

* stepped erosion surfaces

* pbedrock exposed in
deeper valleys
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Pre-European Settlement Streams

Sandy or gravel bottom Wide, shallow streams

Gently-sloping banks

With veretation Water table close

to surface
Perennial vegetation
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Breaking the prairie
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Credit: Shea, M.E., Schulte, L.A. and Palik, B.J., 2014.
Reconstructing vegetation past: pre-Euro-American
vegetation for the midwest driftless area, USA. Ecological
Restoration, 32(4), pp.417-433.

Credit: USDA
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Hydrological Modification: 1860s-1910s

¥

L 3 £
Hand digaing tile, Boone Co. |A. ca 1814
Source: ‘An lowa album: a photographic history,
1860-1920° by M. J. Bennet, University of lowa Press,
lowa City, lowa
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How the landscape used to hold
water

Attachment 1. Photo of ponded water in drained wetlands of lowan’s Prairie Pothole
Region after a heavy rain temporarily backed up the drain tile in early May, 2005. Photo
courtesy of Guy Zenner, lowa DNR Waterfow! Biologist.

In the early 1800s, lowa contained about 10 to 15 million ha of wetlands.
About 99% of that acreage is gone.



Hydrology of Drained (tiled) Wetlands




Tiling field now
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Source of the lowa River
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Stream Straightening, 1930-1975
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Image courtesy of B. Beck, ISU
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Images courtesy
of B. Beck, ISU
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Annual vegetation Deep, narrow streams

Steep, unveget
banks
Silt bottom Sunier

Water table deeper
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Transformation of lowa Farms

WINNEBAGO
RESEARCH AREA

WINNEBAGO 1976
RESEAIRQC4HI AREA O IbLE
@® DLE ® Hay
@ HAY © oaTs
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© SOYBEANS Q PASTURE
@ PASTURE () FARM-STEADS
O FARM-STEADS

> TREES

@ OTHER CROP
MARSH OR WET MEADOW

% TREES
. MARSH OR WET MEADOW Figure 23, Cover map of the Winnehago

. . 0O,
Figure 19. Cover map of the Winnebago pheasant study area, 1976,
pheasant study area. 1941.

© OTHER CROP
N

1976

1941
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Transformation required Simplification

Many crops to two crops

Plant-based energy to fossil fuel energy
* Animals to tractors and other machinery, 80% had a tractor by 1950

Organic Fertilizers to Inorganic Fertilizers (Post WWII)
Many farmers (230,000 in 1951) to Fewer farmers (85,000 today)

Livestock on almost all farms to livestock on only a few
* 1980: 65,000 farmers raising 13 million hogs
* Now: 5,000 farmers raising 25 million hogs

« GMO Crops
* Roundup Ready Soybeans and Corn (87% of soy RR by 2005)
* Bt Corn (82% of US Corn Crop)
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Role of Soybeans
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8000 CAFOs

lowa Swine Operations

Swine Operations 2017 2 ol
Q500 - 1,000 Ammal Units {3,371 Opemeions) - £
® 1001 Ansmad Units (2944 Operntions) 200000 e
Totsl swme for the ssmnal unit reges above < 21,786,803 s e T o g wtmert ol Tianscotaton
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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

Nutrient
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Soil loss is still very high

Source:
EWG

Average Soil Erosion (tons/acre)
~—~ NoData gg 0-5.0 — 5.1-10.0 = 10.1-20.0 g 20.1-50.0 g 50.1- 100.0 g Greater than 100

g 10WA




Research, Education, and Service

lIHR—Hydroscience & Engineering

Nutrients

Nitrogen: Applied as anhydrous ammonia, urea, UAN, manure, MAP and NAP.
Converted to nitrate in the soil profile, mediated by bacteria
Roughly 40% applied in fall, 60% in spring

Especially important in marine ecosystems

VERY WATER SOLUBLE

Loss through tile systems and leaching to groundwater

Nitrate: NO5

Regulated drinking water
contaminant since 1974
Limit: 10 ppm (as N) - ARHYDROLIS AMMONIA

Hydrzsciance L Ep nearing Cullegre ot Evgi u.uhg,

¢ Ll e




Drinking Water

7000 private wells have
tested above the safe
drinking water level of 10
mg/L since 2000

1/3 of lowa’s Public
Water Supplies are
vulnerable to nitrate
contamination

60 PWSs are removing
nitrate

25% of lowa drink water
that has been treated for
nitrate reduction

- IOWA IIHR-Hydroscience & Engineering




Drinking Water
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Surface Water

Lake Erie Algae Blooms

Gulf of Mexico Hypoxia

- lnwn IIHR-Hydroscience & Engineering




o United States
\__/ Environmental Protection
\’ Agency

Environmental Topics Vv Laws & Regulations v Report a Violation v About EPA v

CONTACT US

Mississippi River/Gulf of Mexico Hypoxia Task

Force

".—

- 2008 Action Plan

IIHR-Hydroscience & Engineering



IOWA STATE UNIVERSITY

lowa Nutrient Reduction Strategy

Home

Strategy documents

Nows relsasas

Resources

Contacts

Submit commants
Comments and responses

lowa Nutrient Rosearch Centor

g 10WA

lowa Nutrient Reduction Strategy

The lowa Nutnent Reguction Strategy IS a sCience and 1echnoiogy-based framework 10 2ssess and

reduce nutnents to lowa waiers and the Gulf of Mexico It 5 designed 1o dgirect effons to reduce nutrents

in surface water from both point and nonpaint sowces in 3 scientific. reasonable and cost effective
manner

The Mississippl River/Gulf of Mexico Watershed Nutnent Task Force was established in 1997 1o
COOAINRIE ACtivVIlies 10 reduce the size, seventy and duration of hypoxia in the Gulf. Hypoxia is a iarge
area of low oxygen that can't susiain marine life. Nutnenis that lead 1o aigae growth are the main culprit

In Its 2008 Action Flan the 1ask force calied upon each of the 12 siates aiong the MIssissippl River to
deveiop its own nutnient recuchion strategy

Working together, the lowa Department of Agnculture and Land Stewardship, the lowa Depanment of
Natural Resources, and the lowa State University Coliege of Agricusture and Life Sciences developed
this proposed strategy

IIHR-Hydroscience & Engineering

The lowa Nutrient Reduction
Strategy was developed by:

\ AGRICULTURE ¢
N / LAND STEWARDSHIP

JOWA STATE UNIVERSITY
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lowa Contributions

‘ Land Draining to
Land Draining to Mississippi River

Missouri River N

‘Hermann, MO
Thebes, IL

lMISSISSlppI River Basin Melville? La SN\ rancisville, LA
Sources, Ewt. USGS '
N Rn':m.u . NCEAS
Geclnd, FEMA 9 0 250 500 1,000 Kilometers
Imsrmap ard the C Sl cammunity l 1 1 1 1 1 1 1 |
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Missouri Basin: Nitrogen
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Upper Mississippi: Nitrogen
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21% of the land
21% of the water
45% of the nitrate

Q. ., Wi
- IBWA IIHR-Hydroscience & Engineering




Mississippi-Atchafalaya: Nitrogen
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I Water
0.8 1 | pmmm NO3-N
= —~== Area
o
o 0.6 -
14
-
T 0.4
5
0.2 -
0.0

4.5% of the land
5.9% of the water
29% of the nitrate
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How Much Nitrogen Leaves lowa?

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

+100.0%
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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.
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lowa Statewide Nitrogen Inputs and Outputs

B Commercial N

0 HogN

I BeefN

I Dairy N

2.5x10% 4 B Fixation N

B Poultry N
Grain N

=== River N

== Surplus N

2.0x10° -

)] 1.5x109 -

k

10° -
About 32%
of “surplus”
5.0x10° | makes it to
streams

S Su——, e

00 R
S T

P00 B il
E |

L] AR s & e ¢ Ca—e——
D

9002 8 O
[ =

8007 B

[E=r ,
1002 Bl

%
L00Z i

CO0C B
2107

C L0 L
BL0C

9102

000

4 X (A e« EEs—— c SE—

CL0Z T

6661

|/
(1[0 1 AR o co— o ——

64

-




Nitrogen Change since 1999

%
N Category change

River 83
Chicken 76
Turkey 59
Hogs 59
Surplus 51
Fixation 41
total inputs 36
Commercial 34
Grain N 27
Beef 10
Dairy -11
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Phosphorus

Applied as MAP, DAP, Super Triple Phosphate and manure.
Not a regulated drinking water contaminant

Attaches tenaciously to soil particles

Loss through erosion primarily

Especially important in freshwater ecosystems.

dpzrzscianed Eg nering Cullepe ot Evginecting

Dl e |




Phosphorus

lowa contributes 15% of Phosphorus Load to Gulf of Mexico
(4.5% of Area)

“P concentrations in lowa streams are likely 2—3 times higher
than lllinois streams on average”

“P loads 43% higher in 2017 than in 2004”

T
Journal of Hydrology

!
|\

Total phosphorus export from lowa agricultural watersheds: Quantifying the =
scope and scale of a regional condition

Keith E. Schilling Matthew T. Streeter’, Anthony Seeman , Christopher S. Joaes

Calvin F. Wolter

- IDWA IIHR-Hydroscience & Engineering
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Cost of Nitrogen: today about $0.86/1b

Cost to remove nitrogen using BMPs: $2-S10/pound

Average statewide load: 600
million Ibs

459% reduction = 270 million
lbs/year

$540M to $2.7B/year
HRCSI T







New Tile

Watershed 2002 2007 2016
Middle Cedar $1,900,000 $5,100,000 $5,600,000
Upper Wapsi $1,800,000 $2,200,000 $6,600,000
English River $187,000 $492,000 $1,124,000

North Raccoon $536,000 $936,000 $1,175,000

Upper lowa $106,000 $231,000 $931,000

Clear Creek $9,350 $4,300 $50,500

Table 1: Estimated amount spent on new drainage tile in six
lowa watersheds.

Landform % of lowa’s Area Slyear spt.ent SRR
tile
lowan Surface 16.9 $24,500,000
Des Moines Lobe 21.4 $5,845,000
Northwest lowa Plains 8.3 $2,272,545
Paleozoic Plateau 4.6 $3,580,862
Southern lowa Drift Plain 41.3 $33,837,580
Total 92.5 $70,064,878

Table 2: Estimated amounts spent in 2016 on new drainage tile
in five of lowa'’s landforms.

- IOWA 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)

orlowa
dpzrzscianed Eg nering Collegre ob Evgincetlng
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1200 miles new tile per year
More N loss: Middle Cedar Example

1 acre of pattern tile = 1452’ (0.275 mi)

Midedle Cedar River Watervhend
2014 Landuse (USDA)

1200 miles = 4364 acres
2018 N loss = 31.5 Ibs/ac
New tile multiply N loss by 1.5 (15.9 Ibs)

Increase watershed N load by 69,000 Ibs

v T &8 - 136 woodchip bioreactors (we
— TS currently have about 50 statewide),
- or,
lowa's Middle Cedar Watershed (credit: Middle Cedar
Watershed Management Authority and lowa DNR) * 3 constructed wetlands (currently we

have about 100 statewide), or

lIHE ST Universiny * Around 7000 new acres of cover
TTon filiss
Hperacered g College of Voot

crops (currently we have million ac

statewide).
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How Do You Overcome Structural Drivers to Bad Water Quality?

Known Animal Feeding Operations (January 2019)
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lIHR—Hydroscience & Engineering

Y

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)
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What has happened to lowa Ag since 19707

Loss of Crop Diversity
Concentration of Livestock

Decouple Livestock and Crop
Production

Huge increase in Hogs and Chickens
Loss of Cattle—especially on pasture
Fewer Farmers farming more land
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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

- IDWA IIHR-Hydroscience & Engineering
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2000-2020

>96=Excellent
81-95=Good
66-80=Fair
46-65=Marginal
10-45=Poor
<10=Very Poor
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2016-2020

>96=Excellent
81-95=Good
66-80=Fair
46-65=Marginal
10-45=Poor
<10=Very Poor
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Stream Water Quality Since 1999

3/44 improving (>5%)
16/44 <5% change

25/44 declining (>5%)
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Site Rank Map # 00-20

Wapsipinicon River at Independence 1 34 537

Cedar River at Janesville 2 29 51.7

~ Shellrock River at Shellrack 3 27 51.7

Cedar River at Charles City 4 26 489

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 31 432.3

',‘;;Wapsi icon River at DeWitt 12 35 411

"~ Wolf Creek at LaPorte City 13 32 410

"’{ | Little Sioux River at Larrabee 14 3 40.3

- | Cedar River at Conesville 15 33 40.1

.ent ,: Thompson River at Davis City 16 9 400

Wolga River at Elkport 17 24 399

Missour Indian Creek at Colfax 18 17 379
Alluvial F 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

80 ﬁTI IEIUNI\’IZBITY Floyd River at Sioux City 34 2 6.8
LOF LOWA soldier River at Pisgah 35 5 26.4

s g g Folleps BC Lygincetng Boyer River at Missouri Valley 36 & 26.0
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What do we want our production system to look like?

Commerce

Nutrition?




Ecosystem Attribute

Historical Variation

AR

Recorded -,
Condition

by
....
@
o

0..
[ ]
®

Continuing
Stresses

54

]
E
& % Restoration
Continued
N OW Degradation
Time

- IOWA IIHR-Hydroscience & Engineering




Minneapolis

Fort Worth Albuquerque

Urbandale New Orleans St. Louis
Ankeny

Cedar Rapids
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Colorado Springs



https://cjones.iihr.uiowa.edu/
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